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Smartesting Orbiter 

Tool  Support  for  Refactoring  Manual  Tests1
 

Abstract—Manual test suites are typically described by natural language, and over time large manual 

test suites become disordered and harder to use and maintain. This whitepaper focuses on the 

challenge of providing tool support for refactoring such test suites to make them more usable and 

maintainable.   

We describe how we have applied various machine-learning and NLP techniques and other algorithms 

to the refactoring of manual test suites, plus the tool support we have built to embody these 

techniques and to allow test suites to be explored and visualised. We evaluate our approach on several 

industry test suites, and report on the time savings that were obtained. 

Index  Terms—Test suite refactoring, Test suite minimisation, Lightweight MBT, Machine Learning for 

Software Testing 

Introduction 
The increasing complexity of applications, the accelerated pace of production releases, and frequent 

personnel turnover, can lead to test assets becoming poorly maintained.  A large test suite with a long 

history is likely to contain tests that are obsolete, redundant, use inconsistent terminology, and many 

other flaws that make them less than optimally useful.   

For example, 82% of respondents to the 2019 survey of the French Software Testing Qualification 

Board answered that they had been confronted with a problem of obsolescence of test repositories. 

This whitepaper focuses on manual test suites, described by natural language. 

By manual tests, we mean any system-level test cases or acceptance test cases composed of a set of 

steps, which are themselves composed of an action and an expected result. This whitepaper addresses 

the challenge of providing good tool support for refactoring such manual test suites in order to make 

them more understandable, maintainable, reusable, concise, and more amenable to automation.  The 

driving force is primarily cost: the tool support should reduce the cost of doing such refactoring 

compared to refactoring manually, and the resulting refactored test suites should be less costly to use 

and maintain than the original test suites. 

                                                           
1 An initial version of this whitepaper was published at the IEEE ICST - International Conference on Software 
Testing - Porto, Portugal 2020, by Elodie BERNARD, Julien BOTELLA, Fabrice AMBERT, Bruno LEGEARD and Mark 
UTTING 
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Use cases  
Expanding on the general goal of cost-effectiveness mentioned above, we see five primary use cases 

for our work: 

Test Suite Exploration: is the first necessity for a tester who comes to a large and unfamiliar repository 

of manual test cases.  We want to provide automated ways of grouping test cases, finding 

redundancies and similarities between test cases, so that the tester can quickly understand and start 

to optimize the test suite.  For this whitepaper, we assume the general case where no test execution 

history is available, so exploration is based just on the test case documentation - i.e. test steps - in 

natural language text of the manual test cases.   

Legacy Test Sanitization: is the process of reversing the entropy of the test suite, in order to make it 

more maintainable and easier to use and understand.  This typically involves changes such as: 

reintroducing consistent terminology and abbreviations, standardizing test step description, detecting 

and removing redundant tests, abstracting similar test steps by transforming them into a single 

parameterized step, and grouping related tests into suites. 

Test Model Generation: can be a useful first step towards automating some of the manual tests, but 

is also a helpful way of visualizing the similarities and differences between the test cases in a test suite.  

We want our tool to be able to generate a concise graphical summary of any given set of tests, and 

then export that partial model of the tests as a starting point for automation using model-based 

testing, and also as documentation that gives an overview of those tests and the relationships between 

them.   

Smart migration: migrating from a test management tool to another test management tool can be 

improved by cleaning, refactoring and sanitizing test cases during the smart migration process. Orbiter 

allows this by using refactoring functions from test cases imported from a test management tool A and 

then, after refactoring, by exporting to a test management tool B. 

Converting manual test into automated scripts: the transformation of manual tests into automated 

scripts for execution in a test framework requires the factorization and parameterization of test 

actions. Orbiter allows to factorize and parameterize test steps to obtain these test actions which are 

mapped to keywords for automation. The test scripts in the automation framework format are 

automatically generated. 

Orbiter - Tool features 
Smartesting Orbiter2 is a web-based refactoring tool based on Machine Learning and Natural Language 

Processing techniques. 

Figure 1 shows the general interface of the Orbiter tool. The tool is composed of four main features: 

 Test suite analysis for test case clustering; 

 Optimization and refactoring of test cases; 

 Visualization of test cases and relations between them; 

 Metrics for tracking refactoring. 

                                                           
2 https://orbiter.smartesting.com/ 

https://orbiter.smartesting.com/
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Figure 1 - Screenshot of the Orbiter Tool 

Test suite analysis for test case clustering 
This first feature allows test cases to be imported from a test management tool (e.g. ALM, Zephyr, 

Xray, TM4J, TestLink, …), to cluster those test cases using hierarchical clustering algorithms, and display 

them in a hierarchical view using dendrograms. We can thus combine the existing grouping of test 

cases by their folders in the repository (a tree structure) with the clustering based on the similarities 

between the textual description of each test case. 

In addition to applying this clustering to the whole test suite in one group, it can also be applied to 

each folder at a given level within the test repository.  This keeps each top-level repository folder 

separate, but allows clustering of tests within that folder.  This feature can also be used to analyze 

redundancies that occur between different folders, by switching between different views as shown in 

Figure 2. The left diagram shows test cases grouped within each sprint, to identify similarity within 

Sprint 1, and within Sprint 2, etc. At this level, identifying whether similarities exist between sprints is 

complex.  But by changing the depth level to the global level (right-hand side), we can see there are 

similarities between tests in sprints 4 and 5, such as between the test cases "Sprint 5/Management of 

Owner with Secondary residence" and "Sprint 4/Owner Spain residence". 
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Figure 2 - Hierarchical clustering of test cases in Orbiter -- the left screenshot shows clustering within each folder (displayed 
as a separate dendrogram for each sprint folder), while the right screenshot shows global clustering of all tests (displayed in 
a single dendogram). 

These redundancies are difficult to identify `manually' in common test repositories, as this requires 

consulting all test cases one by one to identify these redundancies. Here, the dendrogram visualization 

makes the task much easier. 

Finally, the dendrograms allow the user to select a cluster of similar test cases in order to apply 

optimization and refactoring to those tests.  This is the subject of the following section. 

Optimization and refactoring of test cases 
This subsection describes three refactoring features of Orbiter that can be used to clean up and 

improve the quality and consistency of a set of manual test cases. 

Identification of similar test case steps 

As manual test suites evolve, it is common for typos, varying terminology, and other inconsistencies to 

be introduced. 

The first refactoring feature that Orbiter offers is the identification of similar test case steps, so that 

they can be refactored to use the same terminology, phrasing, etc.  As described above, this refactoring 

can be applied at different levels, to find similar test case steps within a selected set of test cases, or 

globally across the entire repository. 

For example, Figure 3, shows two test cases selected, so applying this refactoring in this state means 

that only the steps contained in these two test cases will be analyzed for similarity. 
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Figure 3 - Illustration of test step refactoring features in the Orbiter tool.  The left-hand panel shows a selected test step, and 
the right-hand panel shows the closest matches (2), followed by the top-ten matching lines. 

Figure 3 illustrates the optimization and refactoring possibilities offered by the tool. 

The left panel shows the details of the chosen test cases plus all their test steps and expected results 

(the indented light gray lines).  Here, the step `Choose a secondary residence' is selected. 

At the top of right-hand panel the `Selected keyword' area shows the selected test step and allows us 

to edit it.  In the `Closest matches' area below this, we find a list of test steps (two in this case) that are 

most similar to the selected step.  The text of each matching test step shows the differences from the 

selected keyword by displaying missing text in blue with a line through the middle of the text, and 

added text in green on a green halo background.  Each match also provides several action buttons, 

including one that replaces the matching text by the selected keyword to make them identical.  This 

supports one-click refactoring to remove differences such as spelling mistakes and inconsistent 

terminology. 

Finally, the `Automatic Matcher' panel at the bottom shows the results of a background search within 

the current working scope to find the top ten phrases (test steps or expected results) that may be good 

candidates for refactoring, because they are highly similar to some other phrase in the working scope.  

The resulting phrases are not necessarily related to the selected keyword, but simply suggest to the 

user other refactoring tasks within the current scope that may be productive. 

In the next screenshot, Figure 4, the working scope has been changed to global (all tests), and we can 

see that more close matches to our selected keyword are found and the `Automatic Matcher' panel 

shows a different set of 10 lines with higher levels of similarity to each other. 
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Figure 4 - Screenshot of Orbiter tool with Working Scope changed to global (all tests), showing more similar matches. 

The use of global scope versus local scopes will be discussed in the following section, which will present 

good practices for test suite analysis and refactoring. 

Test correction 

The second feature associated with test optimization and refactoring is test correction. Test correction 

offers the possibility to delete, add, swap, and edit steps. These operations can be performed at the 

scale of a test case or more broadly at a test group. Thus for a step it is possible to edit it either at the 

level of a single test case or on a whole set of test cases. 

Refactoring by parameterization 

Orbiter also offers the possibility of inserting parameters into test steps in order to unify several test 

steps that are similar except for one small phrase.  The use of parameters can give a higher level of 

refactoring by unifying keywords that deal with the same action, but use different values. 

 

Figure 5 - identification of similar test case steps 

In Figure 5, with the selected keyword `The amount of the annual contract must be equal to 465 euro', 

it is clear that there are 4 close matches that are extremely similar. The only difference is the amount 

of the annual membership fee.  The definition of a parameter is easily done by selecting the value 
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selected to be parameterized, here 465 euro, then by defining a name for the parameter, such as 

"amount". 

The tool also provides automatic propagation functionality by suggesting steps that can match with 

the application of the parameter, thus facilitating the homogenization of steps. 

This homogenization can be done individually by updating the selected keyword, or by applying the 

parameterization to the closest matches proposed. The details of the manipulations will be done 

through the presentation of the refactoring process. 

Visualization of test sequences and relations between them 

For a selected test case or group of test cases, it is possible to obtain a visualization of these scenarios 

in the form of a business process diagram showing the sequences of all the steps in all those tests (see 

Figures 7 and 8 for examples of these diagrams).  These diagrams are animated in the sense that we 

can hover over a specific test case and see its path through the business process diagram highlighted 

in bold. In addition, the diagram is immediately updated whenever steps are refactored, so the user 

sees the step nodes being merged in the diagram. 

This use of workflow diagrams as a support for refactoring is described in the description section of 

the tool's usage process. 

Metrics for tracking refactoring 

In order to determine the progress of refactoring and optimization of the test repository, the tool 

provides metrics such as: the number of test cases, the number of steps (actions and expected results) 

within those tests, and also the number of `keywords' (any test step that is used more than once). 

Recommended Refactoring Process 
This section describes the refactoring process we used during the evaluation.  It is organized into five 

main phases:  

1. choosing a scope to refactor; 

2. choosing which test steps to refactor; 

3. refactoring those test steps to homogenize them; 

4. refactoring whole test cases 

5. applying parameterization refactoring. 

Identifying a scope to refactor 
One of the first questions that can arise when starting to refactor an existing test repository is deciding 

where to start. Even if a first subset of test cases is identified, it can still be complex to know where to 

begin.  We have identified two complementary starting points, where the choice between them 

depends on how well the existing test cases are structured. 

In the case where the existing test cases are very poorly structured, with many similar test steps 

written differently, so requiring significant refactoring, it is advisable to start by using the `Automatic 

Matcher' on a large or global scope in order to improve the test steps.  This will allow an initial 

homogenization and simplification of the global test repository. This operation can be stopped when 

the Automatic Matcher no longer offers any relevant results. 
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This starting point is optional, because it depends on the maturity of the test repository, but it is 

advisable to carry it out before starting further refactoring, as it saves a significant amount of time for 

further optimizations. Indeed, careless usage of the Automatic Matcher on small local scopes can result 

in redundant operations.  An example is to work on a specific scope, choose to homogenize steps in 

large numbers (within this restricted scope), but then have to repeat these same operations later 

because another scope contains similar test steps to the scope previously studied. 

Another advantage of using the Automatic Matcher with a global scope early in the refactoring process 

is that it highlights similar steps across the whole repository, and therefore provides the tester with a 

better knowledge of the test repository. 

The second starting point, which is independent of the Automatic Matcher, consists of looking directly 

at the dendrogram tree structure in order to determine the scope of test cases to target for refactoring. 

Even if Orbiter allows you to study a repository as a whole, starting with a subset can be a smart 

solution, particularly for huge repositories. It is the dendrogram that will determine where to start 

refactoring. 

As explained in the tool description, Orbiter allows you to group the test case by similarity to different 

degrees: on the tree structure on different levels (1, 2, 3, etc.) or at level 0, i.e. globally without taking 

the tree structure into consideration. In all situations, the test cases are grouped by similarity and it is 

possible to study the proposed dendrogram independently of the level studied. The dendrogram itself 

is composed of a set of depths ranging from the lowest to the highest level. What we call the lowest 

level is the groups to the left of the dendrogram in Figure 6 (shown in green and labelled as `lowest 

level'): they are the ones that are most similar to each other. 

 

Figure 6 - A dendrogram, showing low-level and high-level groups of tests. 

The further the groups move to the right, the fewer similarities there are (the highest level is 

represented in black on Figure 6 and labelled `highest level').  

The lowest levels have the most similarity, so it is efficient to first target these groups and then move 

on to the higher levels with less similarity.  

In addition, refactoring test cases starting from the lowest levels sometimes leads to the reevaluation 

of test cases on higher levels. A slightly higher level test case may become a lowest level test case. As 

the opposite is not very common, it is even more strategic to start at the low level than at the high 

level in order to limit refactoring work. 

Once the scope of study has been chosen, refactoring and optimization of the tests can begin. 
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Choosing test steps to be refactored 
Once a set of test cases have been selected, their test steps can be inspected to see if refactoring is 

required.  Note that we are focused here on test steps to be refactored and not test cases, because we 

first work on all the steps before consulting test cases in detail. 

This avoids inspecting test cases that are not currently reviewed and may contain inconsistencies. The 

correction of the steps will provide clarity to the test cases and thus facilitate their inspection later. 

The choice of steps to be performed can be made in different ways that we will describe. As before, 

we recommend using the Automatic Matcher on the chosen scope first, as it quickly eliminates 

redundancies and simplifies the scope to be studied. Then, different options appear to determine 

which step to begin with. 

We recommend using test visualization via the business process diagrams, because it is a significant 

support for refactoring operations as well as for the acquisition of skills on the test repository studied. 

Indeed, a crucial aspect of refactoring operations, which is a real challenge, is to build up good 

knowledge of the test repository. In the context of refactoring operations, familiarity with the test 

repository is not always present, and yet it is essential to promote the most effective refactoring 

possible. 

This is where workflow is important, as it allows a rapid increase in competence through visual 

representations. Figure 7 shows the diagram for four test cases, and illustrates how we can quickly 

describe the related business behaviour: in the context of a subscription, two choices are possible 

initially -- either choose a main residence or a secondary residence.  Then for each of these choices we 

can specify if the insured is owner or tenant, define the number of rooms, and then finally calculate an 

estimate. 

 

Figure 7 - Business process diagram for visualizing a set of four test cases. 

As a result, although knowledge of the business domain and the system under test is a real strength 

for refactoring test cases, it is less necessary with the help of visual representations. 

In addition to helping to improve skills and understanding of the business, the workflow can be the 

input to the choice of steps to be reworked. 

The study of the workflow by identifying patterns leads to refactoring by quickly targeting redundancy 

points. The most useful pattern to identify is tasks on the same vertical line. Figure 8 shows a diagram 

where we have highlighted a column of test steps by a red rectangle.  Several redundancies can be 

identified between these four test steps: `Choose a principal residence' and `Choose a principal 

residence' are two identical tasks, but one is misspelled.  This type of error is easily identified and can 

therefore be quickly corrected. On the other hand, for the following line `Choose an insured owner' or 

`Choose an insured tenant' no refactoring is necessary, because these are two distinct actions.  The 
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elimination of redundancies in the workflow leads to the quick clarification of the visual representation 

as described above.  

 

Figure 8 - Business process diagram with four steps selected 

After a step has been selected for refactoring, there are several refactoring approaches that can be 

applied, as discussed in the following subsections. 

Homogenize test steps 
The selected test step is displayed as the `Selected keyword' in the tool and one can apply a set of 

operations (deleting, moving, updating, parameterization, etc.) to this test step. 

Even if a range of options is possible, we recommend starting by unifying, optimizing and correcting 

test steps before moving up to the level of operations dedicated to whole test cases. 

For a selected step, the tool proposes a set of steps more or less similar to the chosen step. By default, 

the tool performs its analysis on the chosen scope, that is, on the selected group of test cases. As a 

result, homogenization and correction are carried out at the local scope level.  However, during this 

phase we recommend changing the working scope to be as global as possible, to avoid redundant 

work. During our evaluation experiments, we noticed that, in general, when a correction had to be 

made at a small local scope, it also had to be made at a larger scope. The initial phase of refactoring is 

longer if a larger scope is used, because it requires the analysis of a larger number of closest matches.  

Nevertheless, using a larger scope can save a significant amount of time for the rest of the work. It 

makes it possible to harmonize other perimeters in advance of later phases. On the other hand, if the 

objective of refactoring is not to work on other parts of the test repository, then keeping the working 

scope in the group is a right choice. 

Smartesting Orbiter displays the number of occurrences of the chosen keyword.  This information is 

essential, because when updating the step, we must keep in mind that the modification will be 

performed for the number of occurrences indicated. It is therefore suggested that before a refactoring 

operation is made, one should investigate where the keywords are called from, in order to know the 

context of use of the step. 

Thus, once the choice of the working scope has been made, we can consult the closest matches in 

order to homogenize and correct, if necessary, the steps close to the chosen keyword. 

Be aware, it is important not to apply any parameters at this time. Indeed, it is more appropriate to 

apply parameters once you have visibility on the test cases. Depending on the context and needs, the 

application of parameters is not necessarily appropriate, we will detail the use of parameters later. 
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A recommended way of choosing a good test step for applying homogenization refactoring is firstly to 

select one of the steps proposed in the closest matches, then identify if that step needs refactoring.  

Then look at the visualization of the test cases that contain that step and closely related steps using 

the business process diagram view, and from this diagram choose related steps that need refactoring.  

Continue by alternating between these two approaches. 

This homogenization phase can be considered complete when the visual representation is simplified 

and the proposals in closest matches do not allow new update operations to be carried out. 

Refactoring test cases 
 Once the homogenization phase of test steps is completed it is time to work on whole test cases, to 

correct, homogenize and optimize them. 

The consultation of test cases has different objectives and makes it possible to perform different 

operations, in particular to modify steps in their context of use. 

For each scenario, it is recommended to read the steps and select them, if work is to be done on them. 

As mentioned above, it should be kept in mind that keywords are potentially used several times and 

therefore updating should be considered according to the call contexts. When consulting the test 

cases, it is possible to perform refactoring work as mentioned above as well as reordering the steps. 

The reorganization of the steps can involve moving the step, deleting it and splitting it up. The choice 

to perform these different operations depends on different factors. The easiest action to identify is the 

step deletion. For a selected keyword, which appears in several occurrences and whose use is not 

relevant, it is interesting to delete it in order to reduce the number of steps in the repository and thus 

reduce the execution time of test cases. Then, it is important to identify steps that are too dense and 

contain too many actions. These steps are often time-consuming to execute and in case of failure, 

traceability with the source of the error is more complex to identify, as several actions have been 

performed. It is therefore suggested to split the steps and avoid a sequence of actions in the same 

step. This operation increases the number of steps in the repository, but unifies it by splitting the 

actions.  

Applying parameterization 
The application of parameters is the last step to be taken in the refactoring and optimization of existing 

test cases. The use of parameters must be done with care, because misuse of them can lead to a loss 

of knowledge about the test repository.  An example would be to confuse two types of data, an A data 

and a B data that require different processing.  If we refactored such test steps into a single 

parameterized step, we treat these data in a similar way, which may confuse readers -- it would be 

better to keep the test steps clearly separate. 

For this and other reasons, we recommend applying the parameters at the end of refactoring, because 

it is at this time that we have the best understanding of the test cases. In addition, parameterization is 

easier to carry out thanks to automatic proposals for applying the parameters. When adding a 

parameter, the tool proposes a list of keyword matches that are good candidates to apply the same 

parameter as well. The problem is that if parameterization is applied before reaching a certain level of 

uniformity, the proposed keywords matches are not relevant, as they potentially contain business 

errors, misspellings, etc.   

Following the above recommended process allows us to simplify, rework and optimize existing test 

cases step by step in the most efficient way possible. The next section will present our evaluations of 

this approach. 
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Business case: Evaluation Report 
The evaluation of the refactoring approach presented in this whitepaper was carried out in the context 

of maintaining test suites for several large applications in the railway domain. The total size of the 

existing test repositories was several thousand manual test cases, documented in natural language. 

We applied tool-assisted refactoring techniques on subsets ranging from several dozen test cases to 

several hundred test cases (703 test cases in the largest subset) depending on the application and 

scope we had to cover. 

The objective of the refactoring performed was at several levels: to reduce existing redundancies to 

reduce the number of test cases; to identify steps performing the same action and merge those steps 

into a single test action to facilitate maintenance; and to parameterize steps to prepare for possible 

automation. 

In order to test the effectiveness of our approach, we used the following set of metrics: 

 Time (in hours) taken to perform refactoring with Orbiter; 

 An estimation of the time required to perform refactoring without tools; 

 The initial and final counts of tests, steps, and keywords, in order to calculate the percentage 

reductions.   

Evaluation Results 
We studied a range of different test repositories in order to test the tool on heterogeneous 

environments. The various experiments were conducted on real existing test suites associated with 

personnel and rolling stock management applications on a French railway company and containing a 

variety of test cases of different levels of complexity. 

We performed nine refactoring experiments using Orbiter, with the results shown in Table 1. 

There was an average decrease of 14% in the number of test cases, 18% in the number of steps and 

28% in keywords. We estimated that the refactoring time was reduced by an average of 78% with 

the tool compared to refactoring manually. 

 

However, these results vary across the different experiments.  For example, the reduction in the 

number of test cases ranges from 0% to 90%. This is explained by the fact that the objectives and 

degree of maturity of the test repositories are different.  When refactoring test suites used for non-

regression testing, there was an average decrease of 30% in the number of test cases, which was higher 

than the general average. For these non-regression test suites, the average reduction in test steps and 
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in keywords was also higher (38% and 43% respectively), and the time required to carry out the tool-

based refactoring was reduced by an average of 26% compared to manual refactoring. 

On the other hand, for experiment 8 that worked on a large number of test cases, without reviewing 

all the test cases or by analyzing small test suites (less than 50 test cases), different results were found.  

In this experiment there was no specific refactoring target, but the goal was just to try to correct 

inconsistencies between test cases.  Lower results were obtained: 4% reduction in the number of test 

cases, 2% reduction of steps and 4.2% of keywords. The time saved compared to a manual approach 

was 65%. These results are explained by the fact that on a large suite of test cases, very few are 

reviewed, and on those smaller number of test cases, steps are modified without necessarily trying to 

delete them. 

In summary, we see that in all the experiments except 9, with a range of different refactoring 

objectives, Orbiter saved time compared to a manual approach, but the time savings varied from 28% 

to 88%.  For experiment 9, the Orbiter time was 35% longer than the estimated manual refactoring 

time, but an extremely high degree of refactoring was achieved, with the test suite reduced in size by 

more than 90%.  It is likely that our manual time estimation formula is less accurate for such high levels 

of refactoring. 

We conclude that, depending on the fineness of the refactoring objectives, it is possible to obtain good 

refactoring results with the tool support. This is done by simplifying the test repository by reducing the 

number of test cases and steps, and thus obtaining a gain in uniformity through the reduction of the 

number of keywords. 

Therefore, we can conclude that: 

 the tool-based process does support the optimization and refactoring of existing test cases, 

and improves efficiency by nearly halving the average refactoring time.  

 we found that the tool support can be integrated into Agile development modes by adopting 

shorter refactoring cycles in an iterative fashion, where the time spent using Orbiter is shorter 

either because it is being applied to smaller subsets of the test repository or because fewer 

refactoring steps are done in each cycle. 

The advantage of using the tool-based technique is that it provides good visibility of the tests via the 

graphical representation, quickly indicating redundancies and errors. However, even if this technique 

is faster than any other approach, it has to be integrated into existing development processes to be 

useful in an industrial context, which requires some planning and training. 
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