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Abstract:

The buzz word among CIOs of Information Systems organization is reducing Cycle time by
using latest adaptive testing techniques. To obtain the greatest return on their investment, 1S
organizations has started putting greater emphasis on the systems testing process and
implementing derived best practices based on theoretical techniques like pair-wise testing,
cycle based testing and Risk based testing. These theoretical techniques looks great in research
paper but gives negative results if one tries to implement without tailoring it to business needs.

Through this paper, we intend to present the need and importance of implementing Adaptive
Testing Techniques and share our experience of implementing best practices of Pair-wise
testing, cycle based testing and risk based testing to achieve goal of reducing cycle time but
marinating test effectiveness. The test teams implementing these adaptive testing techniques
need to understand the theory, merits and limitations and spend good amount of time in
tailoring it to project needs without losing focus on the goal of reducing cycle time and quality
effectiveness of testing. The objective here is to achieve complete test coverage in minimum
cycle time using minimum number of resources. This requires smart planning and strategizing
the efforts. Various testing techniques are being applied to manage this increasing pressure.
These techniques attempt to reduce costs by selecting and running only a subset of the test
cases in a program's existing test suite. However, no single technique today is able to satisfy all
the business needs. The testers across the globe have experimented various testing models in a
controlled environment (Pilot Project) that tend to guarantee some degree of quality and
customer satisfaction but when projects try to scale up to real environment, the results does not
come encouraging especially on Testing effectiveness and ROI. . We in UHG 1S, Gurgaon
have applied these techniques in our Testing Projects “Mix—n-Match” taking care of their
strengths and improving upon their limitations thus giving maximum ROI on cycle time and
test effectiveness. In this paper we will be covering our methodologies, case study and results
analysis.

There are two aspects of applying these adaptive techniques — one in terms of defining them
and the other more challenging is implementing across the projects with Metrics built around to
capture the score card. The metrics is very critical to the success as it helps towards refining it
till the target goals of cycle time improvements are achieved.
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1 Background

Today, there are lots of reduction techniques available in market which has been successfully applied
across projects, domains and IT companies. These techniques are been researched or developed to
help projects reduce the time spent in performing test execution for identified system functionalities.
These techniques are commonly referred to as ‘Reduction techniques’ because they help a tester to
reduce the overall test efforts by reducing the number of test cases required to test business
functionality. These reduction techniques not only reduce the case count but also focus on other
quality parameters such as — high test coverage, reduce the business risk, reduce the time-to-market
etc. Some of the familiar techniques prevailing in market today are — Risk Based Testing, Pairwise
testing and Cycle based testing. Each technique is unique in itself and bears some advantages and
disadvantages. However, for a tester, the bigger challenge is to answer some of these questions - Can
a technique be applied and used for any kind of project? Do these techniques have any limitations?
Is there any major business impact when applying any of these techniques?

2 Reduction Techniques

Let us first discuss on various reduction techniques that are commonly available in market, their
merits, shortcomings and suitability. We will then discuss on ‘Adaptive techniques’ and their
suitability.

2.1 RISKBASED TESTING

Before, we look into what is the technique about, let’s first define — what is Risk? A risk may be
defined as threat to the successful achievement of a project’s goals. It is a factor that could result in
future negative consequences. A tester’s job is to find out high risk areas and identify any associated
bug.

2.1.1 Whatis Risk Based Testing?

Risk Based technique is one of the most popular testing techniques and is widely used in the IT
companies. The technique focuses on analyzing and understanding the business risk. It involves
identification, and measurement of the business critical functions in the application domain. Through
this technique, a quality analyst tends to analyze application or interfacing area which have
maximum impact on the business or probability of failure.

A tester, to some extent, use the risk based technique (knowingly or unknowingly) to identify and
analyze the risk prone areas. However, the approach taken by him is more like an ad-hoc exploration
of business areas rather than rationally defined. It is more intuitive than calculative. A risk based
technique is significant if it can determine and ensure the quality of product quantitatively using
metrics.

2.1.2 Need of Risk-Based Testing

The testing is generally considered as tester’s job. Most testing is based on tester’s judgment and his
ability to find defects rather than any specific technique. There are certain things you must do. Those
things vary depending on the kind of project you're on, your industry niche, and so on. Risk is a
problem that might happen. The more likely the problem is to happen, and the more impact it will
have when it happens. As the impact increases or probability of reoccurrence increases, the overall



risk associated with product increases. Thus, testing is someway governed by risk associated with a
product. So, in short, tester’s job is to minimize the risk associated with any product or its feature.
This makes it imperative to apply risk based technique while doing testing.

2.1.3 How to do Risk Based Testing?

One of the common questions that tester have while applying this techniques is how to determine the
risk and its probability. The process is simple if you can answer the following questions:

» Which functions and attributes are critical (for the success of the product)?

« What would be the impact of the code change or functionality on stakeholders? (For customers,
users, people outside)

» What is the frequency that a particular code will be hit or function will get accessed?

» What will be the impact if function is removed or not working as desired?

Identifying the business critical functionality is not a difficult job. The best way to get answer to the
above questions for identifying the critical business areas is through discussion with the key project
stakeholder and the business sponsor, person who is driving the project. However, over a period of
time through the domain knowledge and experience with testing, a tester may be able to identify the
right area with reasonable amount of efforts. Some ground areas that can aid in determining the risk
to project are listed below.

—Complexity of application

—Extent of change by means of defect fix or enhancement

—New technology and tools

—Reduced Timelines

—Number of defects found

—History of prior use

2.1.4 Merits & Shortcomings

Though Risk Based technique helps to identify key business functions to be tested, the technique
cannot be applied in all kinds of projects. There are certain limitations of this technique. Some of the
key advantages and limitations of risk based techniques are listed below:

Merits of Risk Based Testing

- Identifies and focus on the key business areas

- Helps to quantify the business functions based on cost and probability

- Eliminates all the major risk from in the product delivery, if planned accurately
- Quick to apply if the tester and business have good exposure to business domain

Shortcomings of Risk Based Testing

- ldentifying the business risks precisely is difficult. It requires clear understanding of
applications and business and detailed knowledge of requirements

- Technique focuses on the key risks and often ignores the low impact areas.

- The technique is not fool proof; it is more or less intuitive in nature. The impacting
functionalities are identified based on tester’s judgment. It doesn’t completely eliminate the
possibility of defects...



- Normally, the technique doesn’t provide 100% test coverage. It doesn’t guarantee if all the
possible interactions between impacting and non-impacting parameters are covered.

2.1.5 Measuring Risk

A common question that many testers have asked me is — what are the measurement criteria for risk
based testing? How do we measure risk and how we can use the statistics significantly in the
projects? Generally; in risk based testing, one of the important measurement criteria is - degree of
impact. We can look into the following parameters to determine the degree of impact:

1. Cost of Impact
— Financial damage, customer dissatisfaction
— Impact on other functions or systems
— Detection and repair time

2. Probability of risk or failure

—Complexity of system,

—Knowledge of the application/ interface
If you want higher confidence that you are testing the right things at the right time, risk based testing
can help. It focuses and justifies test effort in terms of the mission of testing itself. Use it when other
methods of organizing your effort demand more time or resources than you can afford.
If,

R (f) - Calculated risk of function

P (f) - Probability of a fault in function

C (f) - Cost related to a fault in function

Risk = Impact * Probability or Calc risk

2.1.6 Suitability

Primarily, the Risk Based Testing is an intuitive technique that if governed by tester’s knowledge of
business, domain, technical expertise and analytical skills. It cannot be applied and used for all kinds
of projects and applications. We will now discuss on the various factors that need to be considered
before making a decision whether or not to use the risk based testing.

1. Complex applications

When the application or system under test are complex, which means there are too many applicable
business logics or conditions etc, the amount of time it takes to determine the risk and cost associated
is too much. At times, it is not possible to accurately determine the complete impact and associated
cost. In such cases, applying risk based testing is costlier affair as the investment is much more than
the return. Risk based testing is well suited for small and medium sized projects where all the
conditions and their impact can be easily determined.

2. Project Delivery Cycle

Every project has a defined delivery schedule (also referred as “Project Schedule™). The delivery
schedules and milestone dates are defined during test planning phase at start of project. Many a
times, the delivery cycle are shrunk (cut-short) when the projects is under estimated or there are
delay from previous deliveries, the unforeseen business delays or inter-dependency delays. This



results in a direct/ indirect impact on the project life cycle. Testing being the last stage of project
lifecycle has to bear this impact. Risk Based Testing is often a preferred technique in such scenarios
when the delivery cycles are small or cut-short. The technique helps to identify and focus on all the
business critical functions that must be tested. It helps to reduce the burden from testers in
determining and prioritizing the testing efforts.

2.2 PAIRWISE TESTING

2.2.1 What is Pairwise Testing?

Pairwise testing is a market proven technique that is based on Orthogonal Arrays Concept. This
technique as name suggests — “pair up” - involves pairing up of various parameters (aka factors) that
affect a business functionality to form unique combinations that define a test case.

Pairwise Concept
* Any business requirement can be segregated into functionalities and sub-functionalities.
» Each functionality can be a function of various parameters f(x) = y(a, b, ¢)
* The variable/s parameters may take multiple values called as Levels
» The various combinations of factors and levels help derive exhaustive set of test cases.
« Pairwise technique helps identify unique combination of these factors / levels to arrive at
minimal set of test cases that can still ensure maximum coverage.

2.2.2 Need for Pairwise?

As a tester, you might sometime find yourself in situations when a project is assigned to test all
possible functionalities of an application without losing the focus on quality. You have been asked
by your manager to ensure that product delivered is defect free. Add to it, is the challenge of testing
various branches, high risk modules, various combinations of interacting factors within the defined
timelines. The delivery deadlines are generally robust and defined much ahead of project allocation.
Since the number of possible inputs is typically very large, testers need to select a sample, commonly
called a suite of test cases, based on effectiveness and adequacy. You take all precautionary steps to
ensure that you don’t miss any functionality, or test conditions or interactions among two or more
variables. Much functional testing is done in an intuitive and less formal manner, so there is the
possibility that important interactions among the inputs will be missed.

E.g. If you are asked to test a screen with 50 fields, how many test cases you need for exhaustive
testing? Assuming only 2 values per field (like “Status”: Inactive or Active) per field, one has 2*° test
cases. Even with automated testing, at a rate of one million cases per second, this will require 2x10%
years to test all possible cases.

In such scenarios, we look forward to apply some techniques that can help us offload our work of
analyzing the application functions and identifying precisely what are the interacting variables or
parameters. Pairwise testing is one such technique which can answer this question.

2.2.3 How to apply pairwise testing?

As Pairwise testing is based on Orthogonal Array concept, we need to first understand the concept of
Orthogonal Array which is beyond the scope of this paper. However, | will just mention the three
ways that are commonly used by testers.



a)

b)

Manual Method: In this way, testers apply the orthogonal concept manually to derive the
various matrixes at different interaction level. This is a tedious and time consuming task. It
require skilled person who have deep statistical knowledge to learn and implement the
concept.

Using Freeware Tools. — There are number of freeware tools available in market (such as
AllPairs etc) which can easily help arrive at Pairwise matrix. The tools are not flexible and
cannot be customized. They can provide results only at single interaction level and without
any parameter constraints being set.

Using Vendor Tools - These tools are vendor supplied and have cost associated with them.
However, these are highly customizable and can help arrive at matrix at single or multiple
interaction levels. The response time for the tools is relatively low compared to other
freeware tools and these can also be used to set the business constraints — to include or
exclude specific combinations of parameters.

In simple steps, as a tester if you need to understand how to go-about applying the Pairwise testing,
you can follow the steps below:

v

v
v
v
v
v
v

2.2.4

Segregate all the business requirements to High Level Functions for the Interface under
consideration

Identify all possible factors for the identified functions and short list ones to be applied for
Pairwise

Identify Levels (Values) for each factor

For each transaction, map factors and relevant levels

Identify the business rules, dependencies and exceptions

Input the factors, levels, dependencies to Pairwise testing tool

The tool will help arrive at the reduced set of cases

Measuring Pairwise

Pairwise testing help arrive at reduced number of test cases. The measurement of results from
pairwise testing is not an easy job when it comes to manual analysis. However, using the Pairwise
tool, we can arrive at the test coverage and the reduction efficiency at varied interaction levels.

2.2.5

Merits and Shortcomings

The Pairwise testing is statistical technique that helps in test case reduction. This technique involves
generating all possible combinations of interacting parameters using minimal set of cases. The
technique, although appears impressive, is not completely free from limitations. Following are some
of the merits and demerits of using Pairwise technique:

Merits of Pairwise Testing

Help reduce the test cases drastically especially at 2 and 3-level interactions

Pairwise technique proves helpful for complex systems that involve large number of
parameters and their combination

Pairwise testing can be applied for regression cases where coverage is to be maintained high
with minimal cases count.

The defect detection rate versus the applied effort is high.



Shortcoming of Pairwise Testing

- Some of the defects may go undetected when pairwise testing is applied at 2 or 3 level
interaction. There is a possibility of defects at higher order interaction (say 4, 5 level
interaction) :

- The number of interaction levels increases, the number of cases increases very significantly.

- Pairwise testing fails when the parameters and levels have not been appropriately detected or
recorded...

- Whether to apply single level or multi-level interaction or what order of interaction depends
on tester’s ability to analyze the requirements and judge possibility of defects. If the selection
criterion is not defined correctly, pairwise testing fails.

2.2.6 Suitability

The Pairwise testing is statistical technique that is well suited when a system or application require
too much of computation to arrive at varied combinations of parameters. Testing exhaustive
combinations is not possible always and hence there is a need to apply reduction techniques. This
technique is suitable in the following situation.

1. Complex applications

When an application or system under test is complex, there are generally, too many interacting
parameters or levels involved within each parameter (generally > 5). In such cases, the exhaustive
test case count may turn out to be very high and it may take years to do complete testing. Even when
applying risk based technique, determining the impacting parameters and their combinations, risk
and associated costs would be time consuming affair. Pairwise testing can be used to reduce the
exhaustive test case count by over 90% while still ensuring that all combinations are covered.

2. Exhaustive Coverage (Regressions)

In some project situations, most of the functionalities are business impacting and they are required to
be tested in entirety within the defined project timelines. The focus is more on coverage than on
specific application nodes. Pairwise testing is best suited in such scenarios as it can effectively
generate a reduced set that can ensure high coverage with minimal execution. The Pairwise testing
can be successfully applied while performing regression type testing which spans over various
release cycles and require high coverage.

3. Short span Cycles:

Pairwise testing is also the most favored technique when it comes to Sanity and Smoke testing. In
such projects, a reduced set of test cases is derived at 2-level interaction level. The reduced test cases
are used for doing the sanity testing to ensure that basic project functionalities are working as
expected

2.3 CYCLE BASED TESTING
Another common technique prevalent in market is the cycle based testing.



2.3.1 What is Cycle Based Testing?

A cycle based testing is a technique that involves planning and executing the test cases in cycles. A
cycle may simply be defined as test iteration. Every iteration has a defined timeline and the test cases
are distributed over iterations based on business impact, priority or test coverage.

2.3.2 Need of Cycle based technique?

In last one decade, the orientation toward the testing has changed a lot. Earlier, developers who used
to design and code the functionality were also responsible for testing the same. As the applications
complexity increased, there was a need for separate test team who can ensure that there are no
loopholes in the code. The tester used to test the application in entirety covering all the functions,
business logics and interfaces. This was a time consuming affair as the testing proved to be never
ending task and spanned over months to years (in some cases). There was a need to cut-short the
testing time without compromising on the quality. One of the methods applied was to split different
functionalities in multiple cycles. The functions to be tested were selected in each cycle based on
business impact. This technique was first used in telecom product-based companies, which had
quarterly releases.

Today, the need of cycle based testing is understood by all big IT organizations. The technique helps
project manager ensure that the product that span over release gets adequately tested in cycles to
meet the quality compliance. Also, the time —to-market the product is reduced drastically as product
features can be successfully released cycle-over-cycle.

The cycle based testing is not so commonly known technique like other reduction techniques.
However, it bears its own advantages for which it is recommended in specific project situations. It is
most suitably used in conjunction with other techniques.

2.3.3 How to apply Cycle based Testing?

A cycle based testing technique does not require any special skills. This technique is generally
applied when there is enough timeframe for testing. E.g. in a quarterly release if testing spans for a
month, then the cases can be distributed over 2 cycles or in some cases 3 cycles. In most projects,
the three cycles are assumed to be sufficient to ensure that product/ features are adequately tested.
The three basic test cycles are:

a) Sanity Cycle - This cycle spans over 2-5 days period and covers the basic test functionalities. The
objective of this cycle is to ensure that all the components are intact and working as desired
before carrying out full-fledged testing.

b) Priority Cycle — In this cycle, all the high priority cases are executed. The priorities are defined
based on business impact and Cost of Quality (COQ) that goes in resolving the defect. The
defects found in these cycles are triaged and fixed on priority and generally retested in next
cycle.

c) Retest Cycle - In this cycle, all the low priority cases are being executed. Any defect that could
not be closed in Cycle-1 is taken on priority for retest in this cycle. The cycle also ensures that
the defect fix on business critical functionality doesn’t impact other non-critical business.



2.3.4 Merits and De-merits

Merits of Cycle Based Testing

- Helps to keep a focus by distributing the high-risk functions from low-risk. This is
specifically helpful in regressions when cycles are repeated in every release.

- Cycle based testing helps to define logical milestone for testing. The defect fixes or patches
applied are tested in subsequent cycles.

- This type of testing is helpful when applying Incremental Integration techniques.

Shortcoming of Cycle Based Testing

- The technique is discouraged when individual test cycles are too long.

- This technique may involve overheads if repeated data setup is required in every subsequent
cycle.

- Too many cycles in single release delays the process.

- Tracking the execution, defects and cross-impact is sometimes difficult when using this
technique.

2.3.5 Suitability
The Cycle based techniques is well suited in the following situations:

4. Incremental Integration Testing

The Integration testing can be conducted using various techniques. One of the techniques is
Incremental integration which involves testing the function interactions incrementally. The cycle
based testing is helpful to define logical breaks in the integration testing. In case of any bugs found
in one cycle, those can be fixed and retested in subsequent cycle with new integrations. This helps
gradually eliminate the critical bugs from the system.

5. B. Time to market is low

In the product based companies, the competition is very high if there are too many competitors in the
market. Each company tends to deliver the new product every month or week or even a day. One
such example is the mobile companies where new models are release every week or two. The most
important success criterion is time-to-market. One who can deliver the new features first capitalizes
the business. In such situations, cycle based testing are helpful. The features are distributed over
various cycles and released to end customer for testing or usage immediately.

6. C. Better visibility

When using cycle based testing, managers definitely have a better visibility over the test coverage.
The test coverage spans over logical cycles and can be tracked easily. With each passing cycle, the
high impacting modules get covered, ensuring greater project success and thereby, reducing risk to
project delivery. The testing using this technique captures attention from senior management during
test reporting.

2.4 ADAPTIVE TESTING

We have discussed various techniques in individuality in the above sections. Each technique bears its
own merits and de-merits and is well-suited for specific projects or business segments based on the
acceptable timelines, cost and budget or the quality of delivery. Why do we need ‘Adaptive



techniques’? Let’s first define what these techniques are and then we can discuss on their needs and
applicability.

2.4.1 What are adaptive techniques?

These techniques are being referred to as “adaptive” since these are tailored versions or combinations
of original techniques. They are drafted and applied to suite the specific project objectives of
delivering quality or reducing the test efforts. The adaptive techniques have their own merits and
applicability.

In this paper, we will discuss on the Mix-n-Match technique which is combination of — Risk Based
testing, Pair wise testing and Cycle-based technique.

2.4.2 Need of Adaptive Techniques

There are already many reduction techniques in place. Then, why was there a need to research or
explore any new techniques. We will now discuss the need of Adaptive Techniques and the reasons
why adaptive techniques were introduced and how they can be applied.

We have seen that the cycle based testing fails when there are multiple repeated cycles and each
cycle requires fresh data setup and configurations or environmental customization. Often, this proves
to be an overhead. The initial testing efforts are wasted in fixing defects related to environment and
data setups. This diverts the focus from testing and eventually delays the testing. If these overheads
are not controlled in time, they may form the cause for unforeseen frustration among testers.

Adaptive techniques can be applied in such situations to control the number of cycles but still
ensuring high quality. By using, adaptive techniques you can ensure that most defects are detected
earlier in testing. If the adaptive technique (mix-n-match) involves cycle based testing, you can
detect most likely and critical defects in first cycle itself.

The adaptive techniques are required to overcome basic limitations of Pairwise test technique. The
pairwise testing ensures the effective test reduction at 2 and 3-level interactions. However, there is
always a probability of defects at higher order interactions. These adaptive techniques can make
effective use of other techniques (such as risk based) to identify the critical parameters or
combinations that have high possibility of defects or impose high risk to the business. By ensuring
that all multi-level combinations are adequately covered, adaptive techniques eliminate the risk of
low coverage or not testing unidentified combinations.

Often, in a real world, the project demands are much higher. The project managers are too particular
on project delivery timelines and even, they don’t want to compromise on the quality aspect. The
aggressive project demands cannot be fulfilled by any of the techniques in individuality. If you as a
tester try to implement risk based techniques, the quality of deliverables are at stake. If you try to
target the quality goal of 100% test coverage, then risk based cannot be well suited. This is often
because each technique has its own limitations and as a result, a technique which is well suited for
one project scenarios may not give best results in different scenarios. E.g. techniques that are deemed
suitable for regression projects cannot be applied successfully for agile projects.



The project demands can be fulfilled in two ways. One way is to do a research and evolve a better
technique that can fulfill all the aspects of project deliveries. The other option is to look for specific
techniques that can take benefits of the individual techniques in combinations. Adaptive technique
involves combining and customizing individual techniques to draw advantages of each of the
individual techniques.

2.4.3 How to apply adaptive testing?

Before looking at adaptive technique and their application, let’s first discuss on various parameters
that govern a project.

Every project has certain set of parameters that govern the test methodology and strategy to be
adopted. Some of the common parameters are — complexity of application, defined quality goals,
business priority and impact, time to market, delivery timelines, system knowledge etc. Practically,
the combinations of these parameters define the type of technique to be applied.

If a tester has deep knowledge of a system and project is a short cycle project, the risk based testing
can be considered suitable. In projects, where system is huge and test coverage requirements is over
90% with no strict timelines, cycle based testing can be considered. However, in some project, the
business impact is prime focus but you do not want lose on quality, which means, high coverage and
low defect density. Here, individual technique cannot ensure that all objectives are met. You, as a
manager, will look forward to adaptive testing that can take advantage of both risk based and cycle
based testing.

We shall now discuss on how we can perform the Mix-n-Match of the individual techniques to arrive
at different forms of adaptive testing. Some of the possible adaptive techniques are listed below:

Case 1: Risk Based + Pairwise Test
0 Define the parameters and levels
o Identify the high impact parameters using RBT
o Apply Pairwise technique on less/ low impacting parameters

Case 2: Risk Based + Cycle Based Test
o Identify the high impact and low impact parameters
o Define multiple cycles
o Distribute the high impact and low impact functionalities over cycles

Case 3: Pairwise Test + Cycle Based Test
o ldentify parameters and levels
0 Apply Pairwise technique to arrive at reduced test set
0 Prioritize the test cases
o Distribute the test case in various cycles — sanity, priority and retest

2.4.4 Measuring Adaptive Technique

One of the most difficult questions to answer is - how to measure the adaptive technigues, how to
determine the test coverage and effectiveness of reduced cases derived from adaptive techniques?
The answer to this is pretty vague. So far, | haven’t been able to completely answer this question. It



is difficult to analyze and practically apply a mathematical formula to compute the coverage or
efficiency from the adaptive techniques.

Adaptive technique is not a standard market technique that can be learnt and applied ‘as it is” without
any tweaks to the project. These techniques are ‘adaptive’ which means they can adapt to varying
projects based on business needs. Some adaptive techniques may require more of Pairwise and less
on risk analysis; some may just involve Cycle-based and Pairwise techniques. However, we can
relatively determine the effectiveness of this technique. The easiest way to do is the comparison of
results from each technique for same project. In the case study (covered at the end), you will also
find the comparison of test results in terms of defects found from each of the individual techniques
and that of adaptive technique.

The task is time consuming but worth spending for beginners or research professional who can spare
sometime in understanding the adaptive techniques and their benefit in comparison to other
techniques.

2.4.5 Merits, Shortcomings and Challenges

Even the adaptive techniques are also not fool proof. There are some benefits and shortcomings
associated with adaptive technique as well that are listed below.

Merits of Adaptive Testing

- Can be applied to varied project scenarios or type of testing — regression, enhancement,
system, integration testing etc

- Adaptive techniques are fool proof and help to find hidden defects

- Focus is on high coverage and critical business functions simultaneously

- Can be universally applied in product based releases cycles

- High probability of defect detection.

Shortcomings of Adaptive Testing
- None

Challenges of Adaptive Testing

- Tester should have good knowledge of system/business as well as market techniques
(Pairwise, combinatorial etc)

- Need thorough analysis in determining how and when to apply adaptive techniques for
different projects.

2.4.6 Suitability
The Adaptive techniques are best suited in the following situations:

1. Quarterly Product releases

To sustain the cut-throat competition, the companies tend to deliver new features or products before
committed deadline. Often the focus is on time-to-market and ensuring acceptable quality of
products. In such case, instead of applying pure risk based testing, adaptive techniques are more
suited. With adaptive techniques the time-to-market can be ensured along with high coverage of
business risks.



2. Regression testing (High coverage and risk)

Another possible situation where adaptive techniques are well-suited is when a system need to be
regression tested for new feature or technological change. The impact is on all existing modules /
functions and tester needs to ensure that test coverage is high with all critical impacting
functionalities are exhaustively tested. The test pattern is heterogeneous, as some functions are high
impacting and required thorough testing while other less impacting functions and can be minimally
tested. Here, if we tend to apply the Pairwise, the results will be homogeneous set of interacting
combinations. While risk based techniques can cover only high impacting areas and would
eliminated the low impacting areas. Hence, the adaptive techniques are most suitable that can ensure
high coverage

3 Factors driving Reduction Techniques

There are multiple test reduction techniques and methodologies deemed applicable for different
projects. Each test technique has its own merits and demerits. The test technique which may be best
suited in one project or release may not be suited for another release project.

Some of the common factors that govern the suitability of reduction techniques are discussed below
A. Quick Results:
Today, every company seeks to have competitive advantage over the other companies
delivering similar products. The time to market the products is reduced at cost of quality.
Various techniques are researched, applied and customized to ensure that products are
delivered in minimum possible time with optimum quality.

B. Low Investment

All companies have limited budget for various projects. The ‘Cost factor’ is the most
influencing factor for any project. It has direct impact on the project timelines, resources and
technology selected. Most companies tend to reduce the investment cost on the projects.
With the test reduction techniques, a tester ensure that testing can be performed with
minimum possible set of cases still keeping high productivity. This helps the project owner to
draw fair estimate on how to reduce cycle time and number of resources engaged for the test
activity. By adopting and applying the test reduction techniques, the project investment cost
is reduced drastically.

C. Better Visibility
Today, the test techniques are being researched, understood and implemented only in small
niche of IT companies. Most other companies are either not knowledgeable with using the
techniques or not familiar with business benefits. The growing popularity and use of test
techniques brings in added visibility to the projects and companies who have successfully
implemented the techniques. The companies tend to gain an advantage by sharing their
experiences, knowledge and research they did in exploring existing or new techniques.



Case study
Using Adaptive Test Reduction Techniques

We discussed earlier on various market proven techniques and their applicability, benefits and
limitations. Also, we touched upon the adaptive technique — its merits and demerits. Through this
case study, we will discuss how to approach the adaptive techniques. We implemented one such
technique successfully in the Cross Application Project at UHG. The technique is the combination of
pairwise testing; Risk Based Testing and Cycle based testing.

Project Background

The project under consideration here is an enhancement project (SPRF 20336). An enhancement is
generally related to defect fixes or a new feature implementation. The project involved changes in
interface functionality.

Generic Steps

Before implementing the adaptive technique, we need to understand the process how it is applied.
We will first discuss the high level steps required to arrive at reduced cases (for an enhancement type
projects).

We will detail them in later section.

Step 1: Analyze the functionality impacted and break it into set of parameters (as in Pairwise
approach).

Step 2: For each parameter identify the set of values applicable

Step 3: Define the exhaustive set of cases from the identified parameters.

Step 4: Apply risk based technigque on the parameters to determine the most impacting ones

Step 5: Re-arrange the exhaustive set matrix in such a way that most impacting parameters are on
left side and least impacting ones or non-impacting ones are on right side.

Step 6: Reduce the exhaustive set matrix to keep only exhaustive set of impacting parameters only.
Step 7:  Apply the pairwise technique on other non-impacting parameters.

Step 8: Arrive at the reduced set of test cases based on Pairwise and Risk Based

Step 9: Assign priorities to the cases and re-arrange them in order of impact

Step 10: Segregate the cases in multiple cycles based on priorities

In a limited time frame, execution of all the exhaustive cases is not always feasible. According to
study, the probability of finding error decreases with increase in test cases as more and more
parameter interactions get covered.

We will start our study using the most effective reduction testing technique - Pairwise testing. In this
technique, we will initially identify the parameters and the levels. Thereon, we will switch to the
adaptive technique by involving risk based testing to identify impacting and non-impacting
parameters. We will then combine risk-based with pairwise to perform Mix-n-Match to arrive at
reduced set of cases. With the new reduced set, we will distribute the cases over multiple cycles to
perform cycle based testing. The result are not surprising but we will arrive at reduced test cases



which cover the potential business risk and still giving high coverage of over 90% distributed among
different cycles.

Parameter identification

The first step is the ANALYSIS. The enhancement is studied to figure out the impacting factors (aka
parameters) and their combinations. The next step is identify the factor levels (or values) for each of
the identified parameters

In this case, we identified a total 9 affecting parameters. For each parameter, the number of
applicable levels has been listed below (last row)

Test Scenario Parameters

Business
Claim type | SGA applicable | Policy Type type Product Output EOB Format Plan Type Pay To
Legacy Cx FI LIBH HM O ECE ARSI CDHP Member
MNew Ry AS0 Non-UBH Non HMO MLI Letter MMNE2] MN-COHP Provider
225 Current

Exhaustive set of cases
The next step is to derive the exhaustive set of cases from the identified parameters/ levels. The
exhaustive set of cases can be calculated with the simple formula.
If,
P(n) - represents the parameter count
L) - represents the ‘No of levels’ for nth parameter

The exhaustive count can be derived as
EC = L(@)*L2*...L(n)

In this case,
The Total Exhaustive count = 1152

Applying Risk Based Testing
As discussed previously, the risk based technique involves identifying the functionalities that have
highest impact on business in terms of — costs, timelines, and quality.

All the functionalities that were directly / indirectly impacted were discussed with the business
stakeholders. Like in pairwise testing, the first two steps of analysis remain the same. Initially, the
parameters and the levels were identified. Next, the combination of parameters and levels were
analyzed to determine the combinations with maximum impacts on business.

The business criteria’s that were identified in risk based testing are listed below. These are derived
based on the interaction of parameters and their impact on the application interfaces.

- Legacy claim + fully Insured - Normal claim + ASO

- Normal claim + FI+ CX line - Legacy claim + ASO + CX line
- Legacy claim + FI + UBH - Normal claim + ASO + UBH
-FI + UBH + CX line - ASO + UBH + CX line

- Normal claim + CDHP - Legacy claim + ASO + CDHP
- Legacy claim + CX+ 62J Format - Normal claim + 62J Format

- Normal claim + MLI Letter - Legacy claim + ASO + MLI Letter



Now, once the parameters were identified, we defined the priority for each of the individual
impacting parameters. The priorities assigned to various impacting parameters are listed below. It is
to be noted that the priorities are again based on cost and probability of risk from each parameter:

Claim Type -P1
SGA Applicable - P2
Policy Type -P3
Business Type -P4
Product Type -P5

The risk factor has been identified to arrive at P1, P2 and P3 cases as follows
P1 - where Risk > 30

P2 - where Risk > 20 and Risk <= 30

P3 - where Risk <= 20

With the priorities been defined, the exhaustive matrix was re-arranged to have most impacting
parameters on extreme left and least impacting on extreme right. Using the high impacting
parameters, the reduced set of 32 cases was derived. These 32 combinations form the combination of
most impacting parameters and cover the maximum business risk. To certain extent, it may be
considered that these combinations would be able to reduce the defect injection by 80%. However,
the other less impacting parameters cannot be totally ignored. The combination of other parameters,
however, need not be exhaustive.

The exhaustive matrix based on high risk parameters is listed below:

Claim tap[ = | SGA applicabl > | Polics Tel = | Busines=s te| = Product [~ |
1 P2 B3 P Ps
Pl [ Fl ueH rJ-Hr10
Pl Pl Fl UEH Hr1D
Pl Fedd o Fl FMon-UEH r-HPAD
Pl Pl S Fl ron-UEH HrA0
Pl Pl S fat=jm] ueH rJ-HR10
Pl Pudd S fat=jm] ueH HrAAD
Pudew Fudd S fat=im) Mon-UEH F-HED
Pl Pl S fot=]m] ron-UEH HrA0
Pl [ Fl ueH rJ-Hr10
Pl [l Fl ueH HrAAD
Pl L Fl1 Mon-UEH r-HEA0
Pl v [ Fl Fon-UEH HrAD
Pl [l fot=]m] ueH rJ-HR10
Pl [l fat=jm] ueH HrAAD
Pl [l fat=jm] ron-UEH rJ-HR10
Pl L fat=im) Mon-UEsH HED

Legacy Fedd o Fl ueH Fl-HRAT
Legacy AT Fl1 uEH HrAD
Legacy AT Fl Mon-UEH r-HrAD
Legacy s, Fl ron-UEH Hr10
Legacy Fedd o SE0 uEH F-HEAD
Leqacy Pl S fot=]m] ueH HrA0
Legacy AT fat=1m} Mon-UEH r-HrAD
Legacy i o, fak=im} Mon-UEH HrO
Legacy [ Fl usH rJ-Hr10
Legacy (=] Fl UEH HI-0
Legacy [ Fl Mron-LIEH r-HrRO
Legacy [ Fl Mon-UEH HrAD
Legacy [l fat=jm] ueH rJ-HR10
Legacy (=] ASO UEH Hr0
Legacy [ LHE0 Flon-LIEH Fl-HRAT
Legacy [ a=E0 Mon-UEH HrAD

Applying Pairwise Technique
Before applying the Pairwise technique, let’s discuss in brief about the interaction levels



Interaction Levels

An interaction level, in simple words, can be defined as the number of interacting parameters
combinations at given point of time. An ‘n-level’ interaction level would signify the reduction of test
cases when combination of n parameters is studied at given point of time.

E.g. A reduction based on 2-level interaction would signify the minimum number of test cases
arrived at considering all possible combinations of any two parameters at given point of time.
Similarly a 5-level interaction would involve analyzing all possible permutations and combinations
among any 5 parameters (from the entire list).

We applied the pairwise testing at 2-level interaction on remaining 4 parameters. The result was a set
of 32 cases with exhaustive set of first 5 parameters using risk based technique and reduced set of 4
parameters using pairwise testing. The final set of 32 case-matrixes derived after applying risk based
and Pairwise technique is as follows

S factors at S5th order and 4 factor at second arder

- The first 5 factors are cormbinge between therm full factarial
- Each of the first factor are combined tao the other four at 2 arder interaction
- Each of the last four factors are combined between them at twao level interaction aonly

FZ cases
SGA
Clairm applica Policy Busines ECOBR PlanTwyp
CcCasdg ~ | type ~ | ble [~ | Twpe ~| s typ{~ |Produl{~| Outpy~| Formd -~ = ~ | Pay T~ |

1 Pl =y P, A0 (=] HbA O =935 A= RMCDHP Provider
=2 e L Fl LIEH Mo HRAD | RALL L etter B2 CDOHEP FMember
= Legacy [ A Mon-LIEBH HRA EOBE Current CDHP Fember
e Legacy [ Fl Mon-UBEH | Mon HRAD | AL Letter A= FRCDHP FProvider
= Ml e L A0 Mon-LIEH | MNMon HRAD =535 Current rRCOHEP FMMember
= Legacy [ Fl Mon-LIEBH HRA EOBE 524 HNCDHP Provider
i Legacy e A0 BEH rdorn HRO EOB A= —CDHP Frovider
= M ey [ F1 BEH HrAT FRALI Letter Current HNCODHP FProvider
=] (=3NNS P, A0 EH Mo HRAD S55 =y CDOHE Provider
10 Legacy Ly AS0 MNon-lLIBH HMAT 935 A CODOHP Member
11 M ey [ F1 MNon-ILUIBH | Mo HRAD EOB P i =1 | HNCODHP FProvider
1= Legacy [ Fl Mon-LIEH HRA S35 P e =1 | RHNCDHP Provider
1= Legacy | AS0 (=]l HMAT AL Letter A CODOHP Member
14 Legacy [ Fl (=] HEAT S35 52 HNCDHP Provider
15 Pl =y P, A0 PMon-UBH [ MNom HEAOD [ RL Letter A= i g ) o Provider
15 Legacy | 1 MNon-IUBH | MNomn HRO 935 A HNCODHP Member
17 ey o, Fl MrMon-UEH HbA ECBE Current CDOHE Provider
1= Legacy Pl Fl UBEH Mon HeAD =35 Current rRCDHP FProvider
19 Legacy Ly A5 (=]l HMAT 935 A HNCODHP FProvider
=20 ey L A0 MrMon-UEH HbA ALl Letter Current HNCDHE Provider
21 Legacy | et A0 FMon-UIEH | Ron HRAD =35 A= CDHEP FProvider
=22 Ml ey Ly F1 UBEH HrAT =235 Pl =1 | HNCODOHP Provider
23 Legacy [ A LEH Morn HAD [ BALLD Letter 524 CDHP Fember
24 Pl =y P, Fl (=] Plom HRAO [Pl Letter Current RMCDHP Provider
=25 Ml e L A0 LIEBH Mo HRAD | BALL L etter Current rRCOHEP Provider
=25 Pl ey s, A0 MrMon-UEH HbA ECBE Current HMCDHEP Provider
=27 R L= L Fl rMon-LIEH H A =535 Current CODHE Provider
= Legacy [ F1 BEH Mo HRAD [ RALL Letter B2 HNCODHP FProvider
29 Legacy [ Pt FMon-ILIEH | Non HRAD S35 52 RHNCDHP Provider
=30 Legacy | 1 (=]l HMAT 935 A HNCODHP Frovider
=1 M ey Pl s, Fl MNon-IUUBH | Mo HRAD EOB P =1 | CDOHP Provider
= Pl =y L A0 (=] HbA ECB A= i g ) o hrember

The next step is to calculate the priorities for each case in the case matrix. The cost and risk
probability associated with entire combination (this time considering all the parameters) was re-
calculated and risk was determined. The risk based Pairwise set (as | call it) is defined below:



Claim typr: annsli?::ble = Policy TypT: Buts\:zgifj Pruduct[j Output[j EOB Formg* Plan Type— Pay To - P?Iz;?atl Cos Ris
Mew /A FI Mon-UBH M-HMO ECQB Current M-CDHP Member 5 4 20
Mew /A A4S0 Mon-UBH M-HMO ECQB Current M-CDHP Provider 5 4 20
Mew (4 FI Mon-UBH M-HMO EOB Current CDHP Provider 7 4 8
Mew [=23 ASO Man-UBH M-HMO EOB Current N-CDHP Member 7 4 26
Mew T8 FI 1IEH H-HMO EQR Current H-COHP Member 5 5 25
Mew T8 ASO 1IEH H-HMO EQR Current H-COHP Provider 5 5 25
Mew [=13 FI BH M-HMO EOB Current N-CDOHP Member 5 5 40
Mew [=13 ASO BH M-HMO EOB Current N-CDOHP Provider 5 5 40
Mew /A FI Mon-LUEH M-HMO ECQB ANST CDHP Provider 5 4 20
Mew /A A4S0 Mon-UBH M-HMO ECQB Current CDHP Member 5 4 20
Mew /A FI Mon-UBH M-HMO ECB MMNEZ] CDHP Provider g 4 32
Mew /A A4S0 Mon-UBH M-HMO ECQB MMNEZ] M-CDHP Member g 4 32
Mew /A FI Mon-UBH M-HMO MLI Letters A8 M-CDHP Provider -] 4 24
MNew T/ A ASO Mon-UBH M-HMO MLI Letters MN/A N-CDHP Member & 4 24
Legacy /A FI Mon-UBH M-HMO ECQB Current M-CDHP Member -] 4 24
Legacy /A A4S0 Mon-UBH M-HMO ECQB AMNST M-CDHP Provider -] 4 24
Mew /A A4S0 UBH M-HMO 535 A8 CDHP Member 5 4 20
Mew /A FI Mon-UBH M-HMO 535 A8 M-CDHP Member 5 4 20
Mew CH [:31e] UBH M-HMO MLI Letters M M-COHP Provider 5 3 15
Mew M/ FI UBH HMO EOB Current M-CDHP Provider 5 3 15
Mew (0% FI UBH M-HMO MLI Letters Current M-CDHP Member g 5 40
Mew /A AS0D Mon-UBH M-HMO 8§35 [ M-CDHP Provider g 5 40
Mew /A AS0D Mon-UBH HMO MLI Letters [ CDHP Member 3] 4 24
Mew CH FI Mon-UBH M-HMOQ MLI Letters M/ B M-CDHP Member & 4 24
Mew (0% ASD Mon-UBH M-HMO EQOB 621 COHP Provider -] 5 30
Mew /A FI UBH M-HMO MLI Letters A8 CDHP Member -] 5 30
Legacy /A FI UBH HMO ECQB AMNST CDHP Member 7 3 21
Mew /A A4S0 UBH M-HMO MLI Letters A8 CDHP Provider 7 3 21
Mew N/A ASO UBH HMO ECB ANSI M-CDHP Provider 7 3 21
Mew ) AS0D UBH M-HMO ECQB Current M-CDHP Member 7 5 35

An important thing to note here is that, there might still be a possibility that some of the
combinations are yet not covered in the matrix. These combinations could be between the fixed (5
parameters) and reduced (4 parameters). Or, in some situations all the levels of parameters need not
be considered for possible reduction. The test set generated in such cases are unnecessarily high
because of interaction of one level with other parameter levels. This would eventually lead to more
of testing efforts with less productivity.

It is certain that these unique/ specific combinations are not high impacting combinations but
definitely affect the test coverage. In these situations, the best way is to identify and cover these
combinations separately rather than re-applying the techniques. This often is judgmental and any
experience tester can easily make out such unique combinations.

The information below is captured to give you a fair comparison of how the Pairwise testing (when
applied individually) resulted in the reduced set at varying interaction level. We can see that as the
interaction level increase the number of cases significantly increases.

Pilot using Pairwize Testing
_ - 1 9 9 E] 1152
5 order (as in 138 and 115 case scenanio) 2 5 5 5 138
— . . 3 5 5 2 115
4 order (as in b4 case scenan) ] £ 7 > %
J order ( as inthe 32 case 5 5 4 4 64
= . 5] 5 3 3 32
2 order (as In the 32 case) 7 5 2 2 2
(5] 4 4 4 65
9 3 3 3 28
10 2 2 2 13




The final step is to apply the cycle based testing technique which I consider is fairly a simple
technique to apply if the priorities have been rightly defined.

A general criterion to apply a cycle based testing is to identify all the high and medium priority cases
in one Cycle and low priorities in subsequent cycle. In complex projects every cycle has a pre-
defined sanity testing conducted to ensure that all the basic functionalities are working as desired.
The sanity cases are either judgmental, experience-based or they can be derived using Pairwise
testing (especially in projects which have huge sets of cases)

Comparison of Results from Risk Based, Pairwise Testing and Adaptive Testing
We analyzed and executed the reduces sets obtained from both the techniques separately

Pairwise Testing @ 2 level interaction 13 cases
Risk Based Testing 32 cases
Adaptive Testing 32 cases
Results: Risk Based Testing
JD's Cases (32) Defect - Risk Based Testing
= 5.Np- (ilva';r{nj asp(;?w,[j F_'I_E;IIIJ?% But:::zs[s? Prnduﬁ Output[: F:rcr:? -| Plan Typr— Pay Te- Defects (= Status [=

ECBOO4 4| Mew Cx A50 Non-UEH MN-HMO ECB current MN-COHP Member #5043 Passed
ECBOOS 3| Mew MNiA FI JEH MN-HMO ECB current M-COHP Member #5117, #5583 Passed
ECBOOT 7| Mew Cx FI UJBEH MN-HMO ECB Current MN-COHP Member #5117, #5503 Passed
ECBOOSE B|Mew Cx ASO UBEH MN-HMO ECB Current MN-COHP Provider #5064 passed
ECBO11 11 (MNew A FI Non-UBH MN-HMO ECB MNE2] COHP Provider #5583 Y p—
mMLIOOZ 17 |Mew Cx A50 UJBH M-HMO MLI Letters M/A MN-CDHP Provider #5064 Passed
HMO0o01 18(MNew Ao FI JBH HMO ECB current MN-COHF Provider (#5989 Pazsed
ECOB13 23 (New Cx A50 Non-UEH MN-HMO ECB 521 COHFP Provider (#5943 Passed
MLIOOS 24 (Mew MNiA FI JEH MN-HMO MLI Letters N2, COHP Member |#E5735 Fassed
MLIODG 25 (MNew MNiA A50 JEH MN-HMO MLI Letters M2, COHP Provider #5735 Fassed
NEGOO1 31(Mew A8 Mot foun{UBH N-HMO  |ECB Current H-COHP Member |#6068, #6155 Failed
Results: Pairwise Testing

Esteban’s Cases {13) Defect - Pairwise Testing
Cas[e_| Clain(’l_| SGA Pulic;.j Busines{s_| t(_| EOB [J [_| [_| r;

s [«| typ{~| apply{~| Typqd~ type [+|Produ{~| Output{~+| Formd~| Plan Typ[~| Pay T[~ Defects [« Status [«

1 Mew MAA Fl UBH Mon HMO ECE Current CDOHP Member #5117 and #5583 Passed

3 Mew CX ASD Mon-UBH | Mon HMO 835 ANSI COHP hember #6043 Passed

5 Mew MAA, Fl UEH Mon_HWMO| MLl Letter WINEZJ MN-COHP hWlember #5735 Passed

g Pew [ ASC Mon-UBH HrAO 835 hNEZJ COHFP Provider #5156 Failed

12 RN [ Fl LBH Mon HMO EQB hNE2J COHP Provider | #3117, #6583 Passed




Results: Adaptive Testing

Case | Claim| SGA Policy | Business EOB
s type | apply | Type type Product| Output | Format | Plan Type | Pay To Defects Status
1 ey (RS Fl UBH Mon HWO EOB Current COHP Member |[#5117 and #5583 Passed
2 e CX ASO Mon-UBH |[Mon HWO 835 AN COHP MWember |#5943 Passed
3 ey MEA, Fl LUEH Mon HWO| ML Letter MME2] MN-COHP MWember |#5735 Passed
4 ey 4 A0 Mon-UBEH HKO 835 MME2] COHP Provider |#5156 Failed
= ey o Fl LEH Mon HO ECQE hiME2] COHFP Provider #5117, #5583 Passed
5] ey i A0 Mon-UEH ]-HWO ECE Current MN-COHP Mamber |#5943 Pagsed
7 Mew [T F1 UBH N-HMO EQB Current N-COHP Member |[#5117, #5583 Passed
] e X 250 LBH M-HMO ECB Current M-COHP | Pravider |#5064 Passed
10 MNew =Y FI Mon-UBEH M-HMO EQB MMEZ2] CZDOHP Provider |#5E583 Fassed
11 Mew [99:4 A50 LIEH M-HMO | MLI Lettars NS M-COHP Provider | #5064 Passed
12 Mew M F1 UBH HMO ECE Current MN-CDHP Provider |#52589 Passed
13 Mew CH &S0 Mon-UBH | M-HMO ECB 621 COHP Provider |#5943 Passed
14 Mew M F1 UBH M-HMO | MLI Letters M2 COHP Member #5735 Passed
16 MNew Mis pund on d UBH MN-HMD ECB Current MN-COHP Member |#60658, #6155 Failed

Implementation of Adaptive Technique (Mix-n-Match)

The results obtained from each of the techniques in separation were exciting. However, we see that

none of the techniques could adequately discover all the defects. Some defects were unique to

Pairwise testing while others were unique to Risk Based testing.

Where is the gap?

One of the common reasons why these techniques failed in individuality is that each technique had
its own way of forming combination of parameters. The combination of parameters and levels is
different for both the techniques. The output test set from these techniques was not the exhaustive
set, rather highly reduced set and as a result, certain interaction were eliminated which resulted in

probable defect.

The combination may not be of high priority (P1) combinations but still were the potential areas for

defect. These interaction are not strictly 2-level or 3-level, rather these can occur at any level

interaction. With the increase in level of interaction, the probability of finding defect reduces. In

other words, the defects found at higher level interaction, in most cases are low priority defects
(however, this is not always true but may vary from project to project).
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