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ABSTRACT

The key challenge of executing the successful project under the committed scope,
time, cost and quality is the ability of estimating the required efforts and resources to be used in
the project which potentially link to the delay in project deliverables and cause to risk of loss in
business opportunity, business reputation and financial impacts. There are several
methodologies that have been proposed for the improvement but it is still uncertain or unclear
in the adoption of estimation guideline. Thus, this research was to propose more clearer and
easier method to improve the mission of executing for project by introducing an adoption of
Lean Six-Sigma methodology for the improvement of estimation for IT project.

The outcome of this research was to provide the guideline of calculation method in
specific organization in order to improve the efforts estimation for testing execution using Six
Sigma methodology. The calculation was initiated by applying input data using some historical
projects to seek for mean normalization and 3 sigma upper control limit of each testing step.
The result accuracy was validated by comparing with selected finished project and some
executing projects. The results have shown that the actual time consumption of each testing step
is run in between mean normalization and 3 sigma upper control limit which means that the
proposed methodology has been able to apply the project estimation specifically on testing
activity. In addition, the research methodology has improved the upper control limit to two
Sigma for more efficient control and potential applying the other phases of project execution as

well.
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CHAPTER |
INTRODUCTION

1.1 Statement of Problem

Requirement Requirement

Delivery Design Deployment Design

- Information

-~ Construction Technology

Inspection Construction Testing Development

Project Management Framework

Figure 1.1 Project Management Framework.

The general Project Management methodology in several industrials such
as Construction; Manufactory or Information Technology, there are commonly
identified project phases to execute for the result deliverable under limited of time, cost,
scope and expected quality which usually started with gathering the requirement,
confirming that requirement, performing the design with the confirmation, development
/ build, testing / inspection and result acceptance. The overall expectation of executing
the project is the complete of deliverables the project result/outcome as per designed
timeline and agreed budget under qualified quality and clear scope.

Nevertheless, there are some impact factors which may cause the project to
be delayed from origination project plan. Some of those factors are considered as
controllable factors with some availability of improvement guidelines which referring
to several researches found in specifically of monitoring and/or analysis exercises using

several methods. But in some factors are really uncontrollable factors which would be
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quite challenges for improvement. One of the key causes of this uncontrollable factor,
is the stage of testing or inspection phase which mostly the actual time consumption is
greater than plan and potentially lead to project delay with more costs and resources
required.

One of the interesting example of conducting an Information Technology
related projects, is on the ability of efforts estimation of testing exercise [1] which may
not be able to originate by any standard guideline but it usually plans by following the
required delivery target launch schedule or giving the simple bulk of execution schedule
for this planning such as highly estimation at 1 or 2 months for System Integration, 1 or
2 months for User Acceptance Test for instance without linkage to the number of
required test cases or duration of potential fix time. All these are considered as the

critical success factor of the project which this research has emphasized to.

Requirement

©

Deployment Design The key
challenge of

Information
Technology

Testing *

this delay

Development

Figure 1.1 Key Uncontrollable of Delay

In this regard, the time estimation of project test phase is really importance
and required experiencing of the project team member to accurately define the
estimation timeline. One of the key challenges of this estimation is mostly faced with
several uncontrollable factors to achieve the expected timeline such as time to conduct
the test data preparation, time to conduct the test exercise or time to conduct the defect
fixing. Thus, this would be key focus on this research.

The key interesting of this research is to measure the time spending of the

testing activities for end-to-end testing process of project management in software
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development which expected to identify the potential standard time of testing at each of
test case unit in each activity for better estimation in future project.

1.2 Objectives

In fact, “We can’t control things which we can’t measure” [2]. In the project
management of software development, the activity of performing System Integration
Test and User Acceptance Test often take longer time than project task schedule.
Because those activities initiate the overall estimation of timelines by expected time
periods such as one or two months using the target completion date of project as the
point of backward planning. Thus, this would link to potentially delay the project
deliverables because of the execution on those testing exercise taking longer than plan
which there are too many uncontrollable factors such as the number of functions need
to be tested, number of test cases need to be exercised and so on.

This research is to seek the standard time consumption of each unit
deliverable in each activity of testing process for better estimation in future projects.

Thus, the key objectives of this research are;

1) Measuring the actual time consumption of each testing activity for
identifying mean value of time consumption at a unit deliverable in consisting with
number of business functions, number of test cases and number of defects for each step
of testing process.

2) Developing the control limit of time consumption at a unit deliverable in
consisting with number of business functions, number of test cases and number of
defects for each step of testing process.

3) Measuring the practicality of the control limit against actual time

consumption.

1.3 Scope of Work & Expected Benefits

The research scope is to only focus on the time consumption measuring of

System Integration Testing activities for specific financial services organization.
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Requirement

Deployment Design
Information
Technology
Testing Developmen

t

The focus scope

Measuring Time
Spending on System

K/ntegration Test /

Figure 1.2 Scope of Research.

The expected of key benefits are;
1) Being able to identify the practical standard time of each unit test case

in each testing activity process.
2) Adopting this standard time as the estimation guideline of System

Integration Testing activity.
3) For the people manager, this can be applied for tester resources

management plan.
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CHAPTER I
LITERATURE REVIEW

As stated in Introduction section, there are several researches experimented
about improving the efficiency of project or process management with several proposed
techniques and methodologies. Mainly the proposed of those researches have proposed
an improvement of quality deliverables whereby the concept of Lean Six-Sigma has
been introduced while other methodologies have proposed some techniques and
mathematic calculation to measure the time consumption on overall project execution.
But the emphasized of time measuring topic, there are few consideration activities
needed to be performed such as improving business process management or defined
additional variables like weight of complexity to apply for calculation while the
intended of improving time consumption on project execution is still uncertainty for
further apply for projects or not really able to provide standardization guideline for
organization to execute for estimation activity.

The preparation of this research has assumed the related principles and

theories to be applied for this research with the details as follows:

2.1 Lean Six-Sigma

One of the methodologies regarding on the propose of process improvement
especially in manufacturing industry is Lean Sig-Sigma methodology [3] which mainly
concentrating on reducing the complexity of work process, reducing the cost of
operation and maximized resources utilization which the overall deliverables are still
maintained the commitment of scope, time, cost and quality with unchanged or expected
to improve in a better result comparing with performing the activities as the same
behavior of the past project execution. Thus, the propose of Lean Six-Sigma has also
introduced to other industries such as Financial Services industry specifically in
Banking as well. With this regard, Bank has also adopted this methodology in order to

improve the overall banking operation with the better efficiency of managing resources
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and costs. The following statement has described the concept of Lean Six-Sigma and
the finding of review for applying this methodology to improve the quality management
of the project-process which this research would also apply the same in the way of
improving the estimation efforts specifically on testing activities.

Lean Six-Sigma [3] is a recent approach to process improvement that
combines the disciplines of Lean Manufacturing process improvement [4] and Six-
Sigma process improvement [4][5] to gain the advantages of each discipline. Both Lean
Manufacturing and Six-Sigma work towards meeting customers' needs by delivering
product without defects. The techniques and tools of Lean Manufacturing emphasize
eliminating unneeded activity, to reduce lead time and lower total costs. Six-Sigma
techniques and tools focus on reducing variation in process and product, thereby

eliminating rework, which allows faster delivery time and lower total costs.

2.1.1 Drawing from Lean Manufacturing Process Improvement

Lean Manufacturing focuses on reducing seven types of wasteful activities
in processes:

e Overproduction — Producing product in excessive quantities or much
earlier that needed,;

e Waiting — Failure to deliver product when needed by downstream
processes;

e Transportation — Unnecessary movement of materials;

e EXxcessive processing — Unnecessary activities or features that don't
benefit the customer;

e Inventory — Extra production that is not needed by a customer;

e Motion — Unnecessary movement by employees; and

e Defects — Failure to conform to specification or to customers' needs and

expectations.
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7 Wastes of Lean

X,

Inventory Waiting Defects Overproduction
R LA s db ! Q
Motion Transportation Over-processing

Figure 2.1 The 7 Wastes of Lean [6].

2.1.2 Drawing from Six-Sigma Process Improvement

The term Six-Sigma has three interrelated meanings: as a process
characterization, as a methodology for process improvement, and as a business program
for a disciplined approach to continuous process improvement. In this exercise, the
focus of Six-Sigma has concentrated in a methodology for process improvement which
described below.

In the concentration of this meaning given to the term Six-Sigma, and often
called Six-Sigma improvement, is as a methodology for improving processes. Six-
Sigma introduced DMAIC (pronounced “Duh-MAY -ick”), which provides a sequential
structure for the application of traditional quality improvement tools. The acronym

DMAIC results from the sequence of the five phases of Six-Sigma improvement:

e Define — Develops a team, agrees on scope, goals, and expected gains
for the process, and gets sponsor support;

e Measure — Characterizes the current state of the process based on
observation and collected data;

e Analyze — Uses the observations and collected data to pinpoint and
verify causes of variation (and waste in the Lean Six-Sigma approach);

e Improve — Develops and proofs solutions to reduce or eliminate the



Montree Thirasakthana Literature Review / 8

effect of identified causes or problems; and

e Control — Allows the process owners to accept the improved process,
recognizes the team's accomplishment, and follows up on the value of the
improvements.

Applying Lean Six-Sigma to increase efficiency of project management on
the quality improvement of project process [7], is to implement the project matric for
monitoring the set of project parameters in consisting with efficiency and financial
parameters for reporting and decision making for improvement as Figure 2.2.

+ Develop adatacollection plan + Create innovative solutions
1 + Collectdata + Develop and deploy implementation C
Delfl ne + Compare to voice of the customer Analyze plan OntrOI

| el e o

i =
) r
»- I { ) | {
L/ ) , !
— | J 1 l ) !
«  Define who the customers are + Identifygaps * Preventrevertingback toold process
+  Define project boundanies Me a s u re + Prioritize oppommhe;to_lmprove I m p ro ve * Requirethe develop!'menl
*  Define the processto be improved +  Identify sources of variation documentation, and implementation

of an ongoingmonitoring plan
* Institutionalize improvements

Figure 2.2 Lean Sigma approach [8].

The 6 steps of developing the project metric has been proposed on the

following;
a. Plan of metrics
b. Establishing metrics system
c. Measurement of performance
d. Data Analysis
e. Reports of performance
f. Continuous improvement and revision of metrics

2.2 Earned Value Management (EVM)

Below lists are the design of project parameters that need to be monitored

for further improvement.
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1) Project parameters:

e PV (Planned Value) — Budget costs of the work planned or planned value

e EV (Earned Value) — Budget cost of work performed or realized value
(physical work done, expressed in monetary units). It can be calculated as a percentage
of BAC x performance percentage

e AC (Actual Cost) — The actual cost of work performed or the actual costs

e BAC (Budget at Completion) — Calculation of costs at the end of the project
(approved budget)

e CPI (Cost Performance Index) — Ratio of the budgeted cost of work
performed and the actual cost of work performed on a particular date. If CPI <1, the project costs
were higher than planned.

CPI = EV/AC

e SPI (Schedule Performance Index) - Ratio of the budgeted cost of work
performed and budgeted cost of planned work on a specific date. If SPI <1, the project
is delayed in relation to the plan.

SPI = EV/PV

e TCPI (To-Complete Performance Index) — determines the necessary cost
parameters in order to realize the project within approved cost.

TCPI = (BAC-EV)/(BAC-AC)

e EAC (Estimate at Completion) — Estimated costs at project completion
(estimation based on actual costs and earned value).

EAC = AC + (PV —EV)/ (CPI = SPI)

2) Process parameters:

e Standard deviation and variation of activity duration in relation to the project plan.
e Deviation of waiting within process

e The average duration of resolving problem causes

e Efficiency of internal and external resources

3) Financial parameters:

e ROI (Return of investment)
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e Budget spending realization

e Profitability of realization of activities or group of services
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Figure 2.3 Project Parameter Measurement.

Finally, the analysis of all project parameters was measured using the
DMAIC steps in order to see the improvement of the quality management by observing

and repeating the monitoring and measurement exercise as mentioned.
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Figure 2.4 CPl & SPI Movement.

2.3 Other Methodologies

There are also several methodologies apart from Lean Six-Sigma, have also
applied for accommodating the improvement of efforts estimation on the overall project
management whereby using the historical project efforts data to seek for the guideline
of the estimation. In the bottom-line of these exercises, researcher has intended to
improve the overall project estimation in order to address the efficiency of costs
management, resources management as well as quality management. Thus, there are 2
main categories of the proposed methodologies for the improvement of project
estimation on the following.

¢ Algorithmic based estimation methods: [7] Algorithmic based estimation
models working based on some algorithms and uses mathematical formula for the
software cost estimation purpose. SLOC (source line of code), function point size
estimation, SEER-SEM, COCOMO (Constructive Cost Model), Putnam’s model, Use
Case Point (UCP) model are come under algorithmic based estimation model
categorization.

¢ Non-algorithmic based estimation methods: [7] Non-algorithmic models
based on inferences and analytical comparisons. These models use historical data related

to particular project for the analysis. This method divided into three types: Analogy,
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Expert judgment & Machine learning models. Machine learning model further divided
into Neural Networks and Fuzzy Method.

In this review there are 3 additional models, have been mentioned for the
improvement of the estimation by realizing the past project execution using the overall
efforts spending.

2.3.1 Use Case Point Model

The research has proposed to use an enhance Use Case Point model [9]
which would be more accurate comparing with original Use Case Point model by adding
the method to categorized the complexity of actors and use cases. Below is the
explanation about high level method of Use Case Point Model as well as the Enhance
Use Case Point Model.

e Basic Use Case Point Model

Use Case Point (UCP) model [10] is used for software cost estimation using
use case diagrams. For estimating effort Use Case Point method follows the following
steps:

1) Unadjusted actor weight, is to classify the actor classifications by complexity;
Simple, Average and Complex.

2) Unadjusted Use case Weight, is to count the Use Cases and complex
classification depends upon the number of transaction and number of scenarios.

3) Unadjusted Use Case Point, is the summation of Unadjusted Actor Weight
and Unadjusted Use Case Weight.

4) Adjusted Use Case Point, is the multiplication of Unadjusted Use Case
Point with Technical Complexity Factor and Environment Complexity Factor.

5) Effort Estimation, is the multiplication of Adjusted Use Case Point with
Person-hours.

e Enhance Use Case Point Model

The research was proposed to improve the classification conditions for both
of actors and use cases which adding on the weight score to be the multiplier into the
formulation which are giving weight 1 to 5 for the complexity of actor and 5 to 17 for

the complexity of use case.
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Thus, the calculation result of the estimation will incrementally change as

per the sample below.

TABLE VL AUCP AND EFFORT OF BOTH METHODS

FROJECT EXISTING METHOD PROFOSED METHOD
1D AUCPE EFFORT ALCP EFFORT
A 6988 1367.70 75.36 1507.33
B 56.42 1128.40 66.29 1325.87
C 7128 1445.67 E3.09 1661.85
D 46.38 927.74 53.63 1072.70
E 14387 287742 161.57 A231.56

Figure 2.5 Effort Calculation for Both Methods.

In summary this method has demonstrated more accuracy of efforts
estimation for the holistic view of project execution (not by project execution phase) but
it has to be case by case calculation based upon this recommendation which the business
requirement as well as use case design pattern also needs to be curtained before this
estimation exercise and full project execution. Thus, this may not be practical for
implementing at the project whereby the project needs to be potentially separated the
execution in between cycle before understand the design use case and after stage which

may create other challenge.

2.3.2 Goal-Driven Measurement Model

This research was proposed the measurement of software testing for
optimization and improvement using 2 methods which are AHP (Analytic Hierarchy
Process) and SPC (Statistical Process Control), called as MM4STP [9]. MMASTP are
consisted with 4 expectations on the following;

1) Clearly define the measurement goals,

2) Producing the feasible measurement process,

3) The designed metrics are help to controlling the software testing process
& support for improvement,

4) As per result, the model can be utilized for self-optimizing & improvement.
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Before this, there is also the research mentioned about using Goal-driven
Measurement model as well. But the key focus of this research is to assess for
establishment the technologies to facilitate process improvement [10] using the 1SO
15504 reference model for software process assessment and the Goal/Question/Metric
(GQM) techniques for measurement which expected to improve the overall software
engineering process especially on software testing.

Thus, this review has seen two different approaches proposing under the
same methodology which both did not clearly mentions about how this can be used as

the guidance of any estimation.

2.3.3 Process-Oriented Metrics-Based Model

The proposed of this research is to improve the cost-effectiveness by
continuously monitored, consistently measured, and assessed using process-oriented
metrics-based assessment (POMBA) [11] over the test process as a whole and hence to
lead to the better understanding and improvement. Key exercise was to collect the
related test metrics such as metric of software under test, metric of test process and
metric of test result then formulated to see the effect of those metrics against test
problems. Finally, this would like to improvement on those metrics for better result. The
overview of POMBA Methodology. There are 3 main steps of applying POMBA
methodology which are;

1) Identified the measurement metrics by having 3 group of elements of

test-related aspects, software under test, test process, and test result.
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Figure 2.6 POMBA High Level Process.

The proposed set of metrics have been defined covering from the software
being used by looking at software size and complexity, testing process that measuring
on number of test intensity in consolidation number of test cases into the software size
and complexity also additionally this also introduces qualitative metrics such as
efficiency of test plan, and testing result in the focus of test failures records. Thus, this
proposed method, there are several efficiencies measurable data which might lead to
non-standard guideline of measuring technique on multiple project tracking by multi

person.
2) ldentified the characteristic or classification of each type of metric and

collecting the data which mainly concentration in negative measuring data such as

insufficiency of test plan, test failures for example.

Metrics | T1 | T2 | T3 [ T4 | T5 [ T6 [ 17
Ny | 1 |11 110]3 |0 |504] 0
Ng |1 |12 |3 15]0lo0
Ng | 01000 4]4]6
Ng 1 1 [ 112139416

Figure 2.7 Metric Measuring on Test Failures.

There are some measurements, might lead to person dependency of

judgement when measured these metrics.
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3) Analyzed the collected data by seeking the effect of each metric group
against the testing process which mainly as described the analysis of this research is to
emphasized on negative measurables such as number of test problem against test
preparation or against with software size/complexity.

4) Improved the efficiency of testing process and analysis/evaluation of the
effect of test problem by emphasized on improving the efficiency of test preparation
with expected on reducing the test problem.

In this research finding, there are still uncertainty on the proposed of
improvement which this research does not mention on any possibility techniques. Thus,

this would be some room of improvement.
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CHAPTER 111
RESEARCH METHODOLOGY

In the review findings, there are some methodologies mentioned to the detail
exercise execution starting by initialized the process until implementing such as Lean
Six-Sigma and Use Case Point. While in the last two methodologies, they have
mentioned on the measurable technique, delivering the analysis result. But they have no
clear on the implementation technique for future estimation. As stated previously, this
research is seeking the opportunity to define the standard guideline for time estimation
of testing process by measuring historical projects in specific organization. Thus, this
proposed research method has selected Lean Six-Sigma methodology with applying
normalization process of calculation and conducted the test sampling for future
implementation cause this methodology as per intention is to improve the productivity
and quality of project execution which cloud be applied the same with IT projects.
Based upon standard process of Lean Six-Sigma, the main five key steps have been

detailly designed in order to conduct this research exercise on the following.

* Standard Testing
Process
« Analysis Method
* Collect all actual
dala from
selected hislorical
projects
+ Relation Impact
+ Calculation of Mean & Std Deviation
Anal‘ﬂe « Calculation Upper Control Limit

+ Normalization

+ Testing
Calculation
Accuracy

+ Measuring Calculation

Control Results with other projects

* Refinement

Figure 3.1 Six Sigma Process.
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3.1 Define

The define step is to define the exercise method on “How to” process which
classify to 2 key activities.

1) Define the standard testing process which usually use with the standard
software development life cycle.

The standard testing process of System Integration Test has described in the

diagram below.

Study Prepare data

Execute Test
ﬁ Requirement test
@ Yes, next
test cases
:> Create Test
Create test SUIER)

cases
@ N

Log Defects

Review Unit @
& Integration

Test Results

Fix Defects

$

Re-test

Figure 3.2 Testing Process.

From above diagram, the exercise of conducting the System Integration Test
(SIT) will be begun after the completeness of software development and program unit
test which Quality Assurance Tester (QA Tester) who being assigned, will start the
activity by providing the estimation of efforts contribution during the project estimation
exercise. Thus, when SIT is ready QA Tester will begin the work in detail step by step

on the following explanation.
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Table 3.1 Testing Process Description

Activity Step Activity Procedure Deliverables

Studying
Business
Requirement

Design/Create
Test Case

Prepare Data
Test

Review Unit &
Integration Test
Result

Execute Test

Log Defects

Fix Defects

Re-Test

Create Test
Summary

o Studying all detail of finalized business
requirement and understanding business
operation flow.

e Identifying the testing detail time schedule
according to the designed test plan.

» Designing and developing the detail test
scenarios of each activity test plan.

e Designing the required data test pattern.

Developing the process of gathering the tested

data as per designed pattern.

This is to review the testing result of the stage of
Unit & Integration testing which Developers are
required to conduct these test exercises
themselves in order to ensure the first self-quality
assurance has been properly conducted before

hand-over to official quality assurance team.

Conduct the test execution as per the designed test

Cases.

e In case of the test result has encountered the
issue in any cases which lead to fail on the test
exercise, is required to log all detail
information regarding on the issue occurred.

e Classifying the issue severity in order to
prioritize the resolution activity.

The key activity is to fix all the defects prioritized

by severity. (This activity is performed by
Developer.)

Reconducting the test execution as per the
designed test cases specifically on Fix
Deliverables.

In some cases, the end-to-end regression on that
specific test scenario may need to execute as per
the completeness of the test result expectation.
Summarized all detail of test exercise as per
designed test cases into the final test summary

report.
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Detail SIT Test
Plan

Detail Test Cases
Data Test Pattern
Test Data in Test

environment

Test Result
Record of each

Test Case

The detail Defect
Log with Severity

Classification

Fixed Code ready
to Re-Test

Test Result
Record of each

Test Case

Test Summary

Report
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2) Define list of measurement variables and their analysis method.
As per described the Lean Six-Sigma methodology has been selected to
exercise on this research, then the series of variables need to be designed for serving the

calculation requirement on the description below.

Lean Six Sigma
Calculation Methods

Y

Consumption I3

Mean

v

Normalized Mean

Variables v

\ J Std. Deviation
. j;'

C

# Defects

A\

Variance
L

Upper Control Limit (=
Normalized Mean + 3SD)

Figure 3.3 Research Variables & Calculation Method.

As per described the Lean Six-Sigma methodology has been selected to
exercise on this research, then the series of variables need to be designed for serving
the experimental exercise. Thus the definition of Variables and their calculation
methods have described below.

Variables

a. Hours Consumption, is required to collect number of hours consumption
of each test activity as per described in the section of standard testing process.

b. #Functions, are the number of business requirement functions that need

to be studied.

c. # Test Cases, are the number of test cases that need to be designed and

developed.

d. # Defects, are the number of defects that occurred during the test execution.
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Calculation Methods

e. Mean, is to calculate the mean value of hours consumption on each of
standard testing process.

f. Normalized Mean, is to calculate the mean value of unit hours consumption
of each testing process. The unit hours consumption is calculated by dividing the
number of hours consumption with number of functions, test cases or defects which is
depended on the relation of those hours and activity. The guideline of this calculation is
using number of functions with studying business requirement, number of test cases
with create, prepare data, and execute while the number of defects with log and fix the
defects as well as re-test.

g. Std. Deviation, is to calculate the standard deviation value over the hours
consumption and unit hours covering all selected projects.

h. Variance, is to calculate the gap variance of mean and standard deviation
in order to see the maturity of the measurement.

i. Upper Control Limit (UCL), is to calculate the upper hours/unit hours

consumption using the upper scale of 3 Sigma based on the Six-Sigma process.

Projects Selection

There are 6 projects are selected with the mix of complexity.

Table 3.2 Selected Historical Projects

m Project Scope Complexity Project Duration

Project 1 Implementing the payment instruction and process of High 6-8 months
Corporate Customer who using the self-services
capability

Project 2 Implementing the customer satisfaction survey Medium 6 months
system

Project 3 Implementing new authentication system supporting High 12 months
customer transactional services

Project 4 Implementing fraud detection system Medium 6-8 months

Project 5 Implementing new standard Risk Regulatory Medium 15 months

Project 6 Implementing new mutual fund management system High 18 months
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3.2 Measure

As per design step, the series of variables are required QA Tester to track
all time consumption as per described in each of standard testing process by also
tracking actual start and finish date of activity as well. This is also required to track the
number of functions, test cases and defects along with their related test activities as well.

Table 3.3 Sample Data Collection Template

Project Start Date Finish Date s 5 .
Hours | Functions

Project 1
Project 2
Project 3
Project 4
Project 5

Project 6

3.3 Analyze

After the measurement step in collecting the required data as described, the
analysis step is to execute for 2 main purposes which are;

1) Analysis of Relation Impact, is to see the implication of relation impact
of time consumption of each testing process against with the deliverables which are
number of business functions, number of test cases or number of defects.

The key idea is to see the relation impact as per mentioned in order to proof
the reflect of time consumption should increase according to the incremental of number
of deliverable such as time consumption will be increased as per the incremental of

number of test cases in the phase of design/create test cases.
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The key actions of proof exercise are;

e Time consumption of studying business requirement should be increased
with incremental of number of functions,

e Time consumption of reviewing unit & integration test result should be
increased with incremental of number of functions.

e Time consumption of design/create test cases and execute test should be
increased with incremental of number of test cases,

e The activity of prepare test data should be able to leverage to several test
cases which would lead to less of impact on time consumption incremental of prepare
test data against number of test cases.

e Time consumption of log defects, fix defects and re-test should be increased
with incremental of number of defects.

2) Exercise on calculation methods as per described by concentrated in
analysis of 4 calculation results which are mean, std. deviation, variance and upper
control limit (UCL).

In this step, analysis focus is to see the gap and maturity of the calculation
result. If the gap in between mean and std. deviation are closed then this result would
be considered to apply for next step.

Otherwise, the normalization approach whereby applying the lowest level of
time consumption which drilling to the unit level of deliverable, will be used for analysis
instead. Thus, the mean, std. deviation, variance and UCL will be calculated based on
normalized time consumption data.

Thus, the most matured results will be used for next step as per described.

3.4 Improve

In this step, the matured calculation results as per described will be used for
comparison testing in between one selected historical project against Mean and UCL for
all testing process concentration in System Integration Test.

The expectation of testing is to see the potential time consumption of each
standard testing process will not run over the mean as the best result, or not over the

UCL in order to seek the optimum time consumption of each step.
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In case of some testing process has faced the time consumption over than
UCL, then the root cause analysis, mitigation action and fine tuning the method need to

be exercised.

3.5 Control

This step has consisted with several requirement on the following.

a. Proposed execution procedure for tester to perform in order to measure
and collect the required data.

b. Measured the comparison in between the matured calculation results
(mean and UCL) with time consumption of selected projects.

c. Proposed improvement process of calculation results fine-tuning by
feeding more input data on time consumption of addition projects.

This is to develop the maturity level of the calculation results especially on
mean values which would be considered to apply as the estimation guideline in the

future.
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CHAPTER IV
RESULTS AND DISCUSSION

As per descried in previous chapter, The Lean Six-Sigma methodology has
been applied for this research which the 5 key processes; - Define, Measure, Analysis,
Improve and Control - “DMAIC” will be executed over the selected historical projects
in order to seek for the optimum time consumption at the unit level of each activity. The
bottom-line of this exercise is to calculate the baseline of time consumption of each
activity unit using multi-projects by mixing the level of project complexity and
difference characteristic of project requirement. But all of selected projects have
executed their project using the same testing process as per described. Then the
following process after getting the baseline, is to stress testing by comparison with one
sample historical project in order to proof the accuracy of calculation basis. And
continuing the test comparison after fine-tuning the calculation, this is to observe the
stabilized of the baseline result with identifying the improving cycle.

The detail results are shown in each stage of Lean Six-Sigma methodology

as per below sub-sections.

4.1 Define

As per described in previous chapter, this stage was to define the detail
research exercise on the following.

¢ Identifying detail steps of testing process for conducting System Testing
Process,

¢ ldentifying required variables to be used for this calculation,

¢ |dentifying historical projects to be measured.

In this stage several set of software tools were defined to assist the exercise

on the following.
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e Minitab software was defined to use for supporting the Lean Six-Sigma
methodology both of analysis and calculation.

In general, Minitab is a statistic software for engineering mainly used for
quality control process by having several support functions such as Graph Analysis,
Statistical Analysis such as mean; standard deviation; etc., Analysis function for quality
control such as Lean Six-Sigma methodology and Analysis function for ANOVA.

e Microsoft SharePoint was defined to function as the tracking Timesheet
system supporting all Tester to track their time contribution of each activity and send to
their manager for acknowledgement and approval.

Typically, Microsoft SharePoint is a software platform containing several
functions and features that serving organization as the central repository in order to
store, share, exchange and search the required information or document under the proper
managed workflow.

e HP Application Lifecycle Management software (HP-ALM) was defined
to facilitate Tester to input required tested data in order to track the activity statuses
properly and being able to acknowledge the duration of time execution of each activity
which lead to time consumption.

The HP-ALM is software solution for managing the lifecycle of software
development starting from business requirement management until quality
management, performance management and deployment management.

In addition, this stage was also identified the criteria to assign group of
Testers who were required to conduct the test activities and collect the required data
supporting this exercise. The key important of identifying Testers criteria was to ensure
the level of knowledge and testing exercise experience were almost the same.
In average, the assigned Testers has direct experience on software testing in between 5-

7 years.

4.2 Measure
This stage was to assign tester to collect all time consumption with key
variables for identifying number of deliverables which were number of functions,

number of test cases and number of defects during the exercise of conducting System
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Integration Test (SIT) on the group of targets exercised project. As per described the
detail process of conducting the test consists with 9 steps which the activity was also
executed in sequent.

The assigned testers were requested to collect the required data as described
using several techniques which are;

e Manual input on Timesheet system using Microsoft SharePoint for
collecting their time spending on some specific activities that cannot be tracked by any
automatic tracking tools.

e Automatic execution times tracking using HP-ALM in consisting with
Test Management module and Defect Management module by required Tester to input
some required information of each test process into the HP-ALM system.

The table below has described the required action and procedure of each
activity for Tester to execute in order to collect all required data as described in Define

stage.

Table 4.1 Tester Procedure & Supporting tools

Step Task Procedure Tool
Test Estimate SIT duration and effort refer to . .
: . . . Baselined Testing
1 Duration project plan and scope of work in Business Time

and Effort  Requirement document.

Test plan is consisted of
e Study requirement period and
estimated man-hours Test Management
Setup Test .
2 e Test cases creation and Data System (HP-
Plan : .
preparation period and man-hours ~ ALM)
e Test execution period and man-
hours

Create test cases after study requirement as
Create Test plan. Test cases can be manual creation or Test Management
3 Cases upload from excel into TMS. System (HP-
The creation time can be verified from date- ALM)
time stamp from system.

Test and record results in excel and upload
Execute to system or directly record on TMS, the
Test start and end date of SIT can be captured
from system.

Test Management
System (HP-
ALM)
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Table 4.1 Tester Procedure & Supporting tools (cont.)

Step Task Procedure
Log defects and update status using date-
5 Log time stamp from system.
Defects After defects are closed, data cannot be
modified.
Re-test after defected is resolved, the status
6 Re-test
has to update on system.
Sub-Activities that need to track time
consumption by timesheet.
e Study Business Requirement
e Design/Create Test Cases
7 Record e Test Data Preparation
time sheet e Review Unit & Integration Test

Results

Test Execution

Defect Logging and Re-Test

Test Summary Report Preparation

Tool

Defect
Management
System (HP-
ALM)

Defect
Management
System (HP-
ALM)

MS SharePoint

The captured figures below are described the time consumption of each

testing process.

1) Time consumption for studying business requirement by covering all

required business functions as Table 4.2.

Table 4.2 Data Collection for Studying Business Requirement

Project Start Date Finish Date Total
Hours Func

Project 1
Project 2
Project 3
Project 4
Project 5

Project 6

15/05/2017 19/05/2017

5/09/2017 5/09/2017 7.5
15/08/2017 21/08/2017 25
4/072017 14/072017 73
19/07/2017 24/07/2017 10
6/03/2017 16/06/2017 155.5

29

50
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2) Time consumption for designing and creating the required test cases
covering all business requirement as Table 4.3.

Table 4.3 Data Collection for Design/Create Test Cases

Project Start Date Finish Date Total Test
Hours Cases

Project 1 22/05/2017 31/05/2017

Project 2 5/09/2017 15/09/2017 36 131
Project 3 22/08/2017 01/09/2017 100 832
Project 4 17/07/2017 26/07/2017 50 342
Project 5 25/07/2017 03/08/2017 48 174
Project 6 10/03/2017 31/07/2017 240 5,497

3) Time consumption for preparing the required test data as per designed
test cases as Table 4.4

Table 4.4 Data Collection for Prepare Test Data

Project Start Date Finish Date Total
Hours

Project 1 01/06/2017 02/06/2017

Project 2 11/09/2017 12/09/2017 14
Project 3 04/09/2017 06/09/2017 10
Project 4 26/07/2017 1/08/2017 35
Project 5 04/08/2017 07/08/2017 12
Project 6 15/07/2017 10/08/2017 360

4) Time consumption for reviewing the testing result of program unit testing

and program integration testing which done by developer as Table 4.5.
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Table 4.5 Data Collection for Review Test Result of Unit Test & Program Integration

Project Start Date Finish Date Total
Hours

Project 1
Project 2
Project 3
Project 4
Project 5

Project 6

15/05/2017

20/09/2017

13/09/2017

13/07/2017

08/08/2017

1/06/2017

31/05/2017

20/09/2017

15/09/2017

31/07/2017

10/08/2017

20/07/2017

32

21

410

5) Time consumption for executing the test according to the designed test

cases as Table 4.6.

Table 4.6 Data Collection for Execute Test

Project Start Date Finish Date Total
Hours

Project 1
Project 2
Project 3
Project 4
Project 5

Project 6

05/06/2017

22/09/2017

08/09/2017

2/08/2017

15/08/2017

17/05/2017

24/08/2017

20/10/2017

21/09/2017

8/08/2017

22/08/2017

16/01/2018

146

180

275

48

1,721

6) Time consumption for logging the test defects which described the detail

of defect as well as Table 4.7
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Table 4.7 Data Collection for Log Defects

Project Start Date Finish Date Total # Defect
Hours

Project 1 05/06/2017 24/08/2017

Project 2 22/09/2017 19/09/2017 18 11
Project 3 08/09/2017 21/09/2017 30 60
Project 4 3/08/2017 1/09/2017 62 31
Project 5 18/08/2017 18/08/2017 0.5 1
Project 6 17/05/2017 11/01/2018 345 441

7) Time consumption for fixing the defects which done by program

developer as Table 4.8.

Table 4.8 Data Collection for Fix Defects

Project Start Date Finish Date Total
Hours

Project 1 05/06/2017 24/08/2017

Project 2 22/09/2017 20/20/2017 30
Project 3 08/09/2017 06/10/2017 90
Project 4 3/08/2017 8/09/2017 40
Project 5 18/08/2017 18/08/2017 4
Project 6 18/05/2017 12/01/2018 780

8) Time consumption for re-testing on the specific defects which may need

to execute end-to-end in case of necessary as Table 4.9.
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Table 4.9 Data Collection for Re-Test

Project Start Date Finish Date Total
Hours

Project 1 05/06/2017 24/08/2017

Project 2 11/10/2017 16/10/2017 14
Project 3 09/10/2017 11/10/2017 41
Project 4 3/08/2017 8/09/2017 35
Project 5 21/08/2017 21/08/2017 3
Project 6 19/05/2017 15/01/2018 320

9) Time consumption for creating the testing summary report as per testing

design scenarios, testing result and errors as well as any test observation as Table 4.10

Table 4.10 Data Collection for Create Test Summary

Project Start Date Finish Date Total
Hours

Project 1 25/08/2017 28/08/2017

Project 2 23/10/2017 23/10/2017 2

Project 3 13/11/2017 13/11/2017 4

Project 4 18/09/2017 18/09/2017 5

Project 5 24/08/2017 28/08/2017 6

Project 6 29/01/2018 31/01/2018 6
4.3 Analysis

After collected all required data, this stage was to analyze those data in order to;
1) Validate the relation impact in between time consumption of each
activity and related variables such as time consumption in studying business
requirement against number of functions. The key idea of this analysis was to see the
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distribution of the data which would lead to accuracy of the statistic calculation under
Six-Sigma methodology.

2) Calculating the Mean, Standard Deviation, Variance and Upper Control
Limit using Upper 3 Sigma formulation,

3) Analyzing those calculated data in order to justify the adoption of the
output data in further stage,

4) If optimization of the tested data needed, then this stage was to optimize
those calculation in action item 2 and 3 again with lowest unit of time consumption of

each SIT process. Below figures were described the exercise output.

4.3.1 Validated the relation impact
1) The relation of time consumption on studying business requirement and

reviewing unit & integration test results against number of functions.

Matrix Plot of Study Requirement, Review UIT & VIT Results, Functions

0 200 400 0 20 &

Study Requirement =

Review UIT & VIT Results e

-

Functions

Figure 4.1 Relation Impact of Studying Business Requirement,

Review Test Result vs. # Functions.

The expectation of this relation was;

e Time consumption of studying business requirement should be increased
with incremental of number of functions,

e Time consumption of reviewing unit & integration test result should be

increased with incremental of number of functions.
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The analysis result had shown;

e Time consumption of studying business requirement had been increased
with incremental of number of functions but the incremental trend was uncertainty in
case of number of functions were less than 20 functions,

e The level of project complexity had also reflected to the time
consumption for both of studying business requirement and reviewing unit & integration
test result.

2) The relation of time consumption on design/create test cases, prepare test

data and execute test against number of test cases.

Matrix Plot of Create Test, Prepare Data, Execute Test, Test Cases

0 L | &0 w0 2000 4000

Create Test Cases

" i n

Prepare Data Test

Exeaute Test !

Test Cases

Figure 4.2 Relation Impact of Create, Prepare & Execute Test Cases vs. # Test Cases.

The expectation of this relation was;

e Time consumption of design/create test cases and execute test should be
increased with incremental of number of test cases,

e The activity of prepare test data should be able to leverage to several test
cases which would lead to less of impact on time consumption incremental of prepare
test data against number of test cases.

The analysis result had shown;

e The trend of incremental impact was uncertainty when the number of test

cases was less than 1,000 test cases,
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e Time consumption of prepare test data and execute test had increased
with the incremental of number of test cases.
3) The relation of time consumption on log defects, fix defects and re-test

against number of defects.

Matrix Plot of Log Defects, Fix Defects (Ven, Re-Test, Total Defects

ann 150 w0 a0

Fiox Defects (Vendor/Dav)

P »n'

Re-Test

1]

Total Defects

Figure 4.3 Relation Impact of Log, Fix & Re-Test Defects vs. # Defects

The expectation of this relation was;

e Time consumption of log defects, fix defects and re-test should be
increased with incremental of number of defects.

The analysis result had shown;

e The trend of incremental impact was uncertainty when the number of

defects was less than 100 defects.

4.3.2 Applied Six-Sigma Methodology

With the collected data, the preliminary calculation exercise under Six-
Sigma methodology was applied. As per described, the total time consumption in
combination of all selected projects of each test activity was calculated and delivered
Mean, Standard Deviation, Variance and 3 Sigma Upper/3 Sigma Lower on the

following figure.
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Table 4.11 Calculation Result of Mean, Std Deviation, Variance & UCL

Hours

Project Study Review UIT Create Test Prepare Execute Log Fix Re-Test Create Test
Requirement & VIT Cases Data Test Test Defects Defects Summary
Results

Project 1 20 10 40 15 130 15 20 30 8
Project 2 75 4 36 14 146 18 30 14 2
Project 3 25 8 100 10 180 30 90 41 4
Project 4 73 32 50 35 275 62 40 35 5
Project 5 25 21 48 12 48 05 4 3 6
Project 6 1555 410 240 360 1,721 345 780 320 6

Mean 51.00 80.83 85.67 7433 416.67 78.42 160.67 73.83 5.17

St Dev. 5587 16158 79.08 140.24 643.23 13223 304.81 121.41 204

Variance 3,121.9 26,108.17 6,253.47 19,667.47 413,743.87  17,484.64 92,906.67 14,740.57 247

3Sigma LCL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3Sigma UCL 218,62 565.57 322.90 495.06 2,346.35 47511 1,075.08 438.07 11.20

Lower 95% CI 6.29 -48.46 2239 -37.88 -98.01 -27.39 -83.22 2331 353

Upper 95% CI 95.71 210.12 148.94 186.55 931.35 184.22 404.56 170.98 6.80

From the calculation result, there had shown high variance values which
mean the range of data for each test process was widely distributed from the shorten
period of times to quite long period of times for example: the time consumption of
studying business requirement had started from 7.5 hours up until 155.5 hours. But the
collected data was still shown similarly of time consumption in several number of
projects which will cause to the delivered of bias mean values as per majority group of
projects that contained similarity of time consumption. Thus, this would reflect to the
variance values to be 3,121.90 and delivered the target result of 3 Sigma of Upper
Control Limit at 218.62 hours. Especially the result of execute test process, the variance
values was shown at 413,743.87 which lead to 3 Sigma Upper Control Limit being
delivered at 2,346.35 hours. This figure was considered as non-optimistic to conduct the
further testing with other projects.

Giving by above result, the fine-tuning of this experimental was to

normalize the input data prior calculation.

4.3.3 Normalized Data for Six-Sigma Methodology
This stage was to improve the analysis process using normalization the input
data by calculated the time consumption of each test process to the single unit of

deliverable number which are;
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e Divided time consumption with number of functions for studying
business requirement and reviewing unit & integration test result,

e Divided time consumption with number of test cases for design/create
test cases, prepare test data and execute test,

e Divided time consumption with number of defects for log defects, fix
defects and re-test,

e The time consumption of create test summary was not needed to divide
to unit delivery due to this would be one-off exercise performing at the end stage of test
process.

Below figures have shown the result of validation the relation impact and

calculation result.

Matrix Plot of Study Requirement, Review UIT & VIT Results, Functions

0 4 B0 2 L

Study Requirement

Review UIT & VIT Results "

Functions

Figure 4.4 Relation Impact of Studying Business Requirement, Review Test Result

vs. # Functions with Normalization.

The expectation of this relation was;

e Time consumption of each unit deliverable for both of studying business
requirement and reviewing unit & integration test result should be equal.

The analysis result had shown;

e Time consumption of studying business requirement was varied
depending on the level of complexity and tester experience,

e Time consumption of reviewing unit & integration test result was quite

similar for the project that was less than 30 functions.
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Matrix Plot of Create Test, Prepare Data, Execute Test, Test Cases

00 05 (2] 04 08 12 2000 00

. I . .

Create Test Cases . . .
Prepare Data Test

Execute Test

o *
.

Test Cases

Figure 4.5 Relation Impact of Create, Prepare & Execute Test Cases vs. # Test Cases

with Normalization.

The expectation of this relation was;

e Time consumption of each unit deliverable for all of design/create test
cases, prepare test data and execute test should be equal.

The analysis result had shown;

e Time consumption of each unit deliverable was quite varied depending

on level of complexity and function characteristic.

Matrix Plot of Log Defects, Fix Defects (Ven, Re-Test, Total Defects

Fix Defects (Vendor/Dev)

Total Defects

Figure 4.6 Relation Impact of Log, Fix & Re-Test Defects vs. # Defects with Normalization.
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The expectation of this relation was;

e Time consumption of each unit deliverable for all of log defects, fixing
defects and re-test should be equal.

The analysis result had shown;

e Time consumption of each unit deliverable was quite varied depending

on level of complexity and number of test cases.

Table 4.12 Calculation Result of Mean, Std Deviation, Variance & UCL with Normalization

Study . :
Review UIT&VIT  Create Test Cases | Prepare Data Test  Execute Test Fix Re-Test
Requirement (Hour/ (Hour/ (Hour/ (Hour/ Jlios Defogts Create Test

Defects. (Hour/
(Hour/ Function) Test cases) Test cases) Test cases) (pr/deftet)

Project Si
» (Hour/defect) defect) ummary
Function)

Project 1 200 1.00 0.10 0.04 0.32 0.44 0.59 0.88 8
Project 2 125 067 0.27 0.1 1.1 1.64 273 1.27 2
Project 3 357 1.14 012 001 0.22 0.50 1.50 0.68 4
Project 4 252 1.10 015 0.10 0.80 2.00 129 1.13 5
Project 5 0.53 111 0.28 0.07 0.28 0.50 4.00 3.00 6
Project 6 311 8.20 004 007 0.31 0.78 177 0.73 6

Mean 2.16 220 0.16 0.07 051 098 1.98 1.28 517

St Dev. 1.14 2.94 0.10 004 0.37 0.67 1.21 0.87 2.04

Variance 1.31 8.66 0.01 0.00 013 045 1.47 0.76 417

3Sigma LCL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3Sigma UCL 559 11.03 045 0.18 1.60 2.99 561 3.90 1129

Lower 95% CI 1.25 -0.15 0.08 004 0.22 0.44 1.01 0.58 353

Upper 95% CI 3.08 456 024 009 0.80 151 2.95 1.98 6.80

After normalized the input data which changed in the relation impact
analysis as per described earlier, the delivered result of mean values was looked better
because of the time consumption of each unit deliverable had distributed widely which
mainly depending on level of complexity of each project as well as tester experience.
This delivered result had narrow down the variance values for example the variance
value of studying business requirement from 3,121.9 before normalized to 1.31 after
normalized or the variance values of execute test from 413,743.87 before normalized to
1.60 after normalized which led to improve on 3 Sigma Upper Control Limit of each
test process as shown on the table above.

The observation of this step was focus on the applying upper control limit
using initial factor for three Sigma proposing to be calculated on the upper control limit
because of the widely complexity level of selected project which required to realize the

maturity benchmarking. In practicality of manufacturing improvement, the factor of two
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Sigma would be the most practical proposed. Thus, the further exercise of this
methodology may apply the same when the benchmarking exercise has more matured
and stable.

For this specific exercised, the improvement of variance calculation values

has been used to execute in next stage of this research as per described.

4.4 Improve

The key activity of this stage was to proof the result of calculation from the
Analysis stage by comparing the calculation result in consisting with Normalized Mean
value and Normalized 3 Sigma Upper Control Limit (UCL) against the historical time
consumption of new selected project with the key expectation had targeted for 2 possible
results which are;

1) The best case by having all of time consumption in unit deliverables under
or equal to Normalized Mean value, or

2) At least all of time consumption in unit deliverables under or equal to UCL.

In this exercise the project name “TPN” had been used.

The TPN project was developed supporting the National Payment Network
using New Standard Scheme on the Debit Card which the level complexity was high
with the duration of 6-8 months. Below figures have shown the exercise result on the
following explanation.

Time consumption:

e Due to the level of complexity was high, the time consumption of studying
business requirement was spent quite long at 30 hours comparing with 11 business
functions which also reflected to time consumption on reviewing unit & integration test
result as well.

e The time consumption of execute test, re-test including fix defects were

taken long hours which aligned with number of test cases and number of defects.
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Project Study  Review UIT Create Test Prepare Execute Log FixDefects Re-Test Create Functio Total
Requireme & VIT Cases DataTest Test Defect Test Test ns Defects
nt Results s Summary Cases
TPN 30 75 16.5 20 140 43 120 121 5 141 1 113

Study Review UIT& Create Test Prepare Data Execute Log
Requirement  VIT Results Cases Test Test Defects Fix Defects Re-Test

Project (Hour/Functi (Hour/Functio (Hour/Test (Hour/Test (Hour/Test (Hour/def (Hour/defe (Hour/defe Create Test
on) n) case) case) case) ect) ct) ct) Summary
TPN 3.36 1.50 0.53 0.04 1.04 0.38 1.06 1.04 5
UCL 5.59 11.03 0.45 0.18 1.60 2.99 5.61 3.90 11.29
& Hours

TPMN Project

1z 00
10,00
800 -
Hours s.oo - = ”
400 _— -
T
Lo | —— A, — J— — —
= = = -
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Figure 4.7 Proofing Concept by Comparing Calculation Result with One Historical Project.

Proof the result:

e Inoverall of proof finding, all of times consumption in unit deliverable
were less than UCL which preliminary proof that the calculation result at least was in
control.

e But, there were some test process steps still not in control completely under

the UCL of that specific step as show in below figure 4.8-4.9.

Study Review UITAVIT Test
Requirement Time per Function [Hour) Result 2er Function (Hour)

g 10

UCL 5.59 UCL11.03
5 10
4 B0
Mean 3.36
3 &
Mean 2.16
2 4

Mean 2.20

—  — —— Mean 1.50

o o

02-0a1-17 11-0c-17 16-0¢e-17 woa-n 150017 18-0a-17 0017 5-0a4T T-ger-17 26-Dec-17
Create Test Prepare Data
Cases Test
lime per Test Case (Hour} Time per Test Case (Hour]
[ L] ucLo.18
o6
00
w0 _/\\ Mean 0.53 o
] ucL 045 on
o o0
o o Mean 0.07
030 s
Mean 0.16 e
10 o ——‘_‘____Mean 0.03
o0 o
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Figure 4.8 Detail Measuring of Proofing Concept (1).
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Time per Defect (Hour)
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Figure 4.9 Detail Measuring of Proofing Concept (2).

The summary findings were;

a. There were 4 test process steps completely in control whereby the time

consumption of unit deliverables was less than or equal to normalized mean value.

b. There was 1 test process step less than UCL.

c. There were 3 test process steps having some time consumption of unit

deliverables spent over UCL which needed to find the root cause for further

improvement.

Table 4.13 Dashboard Summary of Proofing Concept

1 Study Requirement

2 Review Unit Test/Integration Test Results

3 Create Test Cases

4 Prepare Data Test

5 [Execute Test

6 Log Defects

7 Fix Defects

8  Re-test Defects

9  Create Test Summary

559

1103

0.45

0.18

160

299

561

3.90

11.29

2.16

2.20

0.16

0.07

051

0.98

198

1.28

517

& from 10 days totally are above UCL in the beginning,
Time per test cases are reduce after testers more
understand reguirement

Time is divided by all test cases. In fact, data is
prepared for partial test cases. The formula and data
collection should be adjusted.

2 from 22 days totally are above UCL.
15 Now 17 - Correction because of human error
& Dec 17 need to do consaguence test cases

7 out of 40 are above UCL

ZINow 17 - back 1o re-check passed test cases, not
pilus into total test cases

10 Jan 18 - Check end-to-end




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Information Technology Management) / 43

e The root cause summary was shown on above figure that the key reason
of having time consumption of unit deliverables higher than UCL because of tester
experience and understanding which can be improved after tester had more business
requirement understanding and experience on conducting the testing exercise.

In conclusion, this proof exercise had shown that the calculation method
was preliminary able to apply for future projects. But at the initial stage of collecting
the input data, there are still some opportunity of improvement whereby having more
historical projects data to be added into this calculation.

Key consideration for further exercise may observe the gap of actual time
consumption against UCL which applying with 3 sigma factors. In the continuous
testing, if the gap of actual time consumption and UCL has constantly shown then the
improving of sigma factor may reduce to 2 sigma factors which the expected to see the

closed gap values in between actual time consumption and UCL.

4.5 Control

As stated in previous section, the key activity of this stage was to mainly
compare and improve the calculation result whereby adding more historical projects into
the exercise started with testing the accuracy of calculation result and improving the
calculation with more historical data.

The key expectation of this stage was to achieve the maturity level of
calculation result by conducting the repeatable exercise of comparing and fine-tuning
the calculation method with series of time consumption from multiple projects with
mixture of project complexities and combination of tester experiences & competencies.
The meaning of maturity level of calculation result was narrow down the comparison of
actual project time consumption of each testing process of SIT at the unit deliverable
level closed to calculation result emphasized on normalized mean. But in reality,
exercise of beginning stage, the most potential outcome was achieved by controlling the
actual time consumption not to be over the UCL which this would lead to improvement

cycle.
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Below diagram has shown the proposed of execution work procedure of
conducting the control stage exercise as the repeatable pattern and further proposed of
improvement of the calculation result as per described.

Estimate man-hours for

Requirement Study, UIT/VIT
Test Plan Results Review, Test Cases
Creation, Data Preparation and
Test Execution

}

1) Record timesheet by daily
2) Monitor & control time for
Study requirement
Review UIT&VIT results
Create test cases

Data preparation
Execute Test

Log Defects

Fix Defects

Re-Test

No

Yes
Complete System
Integration Test?

Create Test Summary
Report

No Yes

Above UCL? . .
causes and correction action

| !

Figure 4.10 Tester Execution Procedure at Control Stage.

Record event, analysis root ]

The exercise was started by initiated the executing with 2 new projects using
the first calculation result for both of normalized mean value and UCL following the
proposed procedure above.

The selected projects for this were;

1) REG 1 project was the regulatory project to comply with International
Financial Report Standard for banking industry. The complexity level was high with the
duration approximately 12-14 months,

2) Modeling 1 project was the data analytic model of specific customer
segment who applied for loans product. The complexity level was medium with the
duration approximately 6-8 months.

The observation result was seen the comparison outcome at the end stage as
UCL was in control which few small processes had their time consumption small over
the UCL which needed to find the root cause and proposed of mitigation action for
improving the outcome as all testing processes were in control. But most of testing
processes were still over the normalized mean values which need to conduct the

improvement proposal.
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P Hours >
Review UIT Create
t te Test P Execute L Total
Project S .udy & VIT Create Tes repare xecute %% FixDefects Re-Test  Test Test Functions "
Requirement Cases Data Test ~ Test Defects Cases Defects
Results Summary
REG1 91 815 130 N/A 2025 25 80.75 2 7 1992 12 23
Modelingl 15 25 25 75 55 20 114 57 3 188 3 57
Study Review UIT & Create Test Cases Prepare Data Execute Test Log Defects Fix Defects ~ Re-Test Create Test
Project Requirement VIT Results (Hour/ Test (Hour/ (Hour/ (Hour/ (Hour/ Summary
(Hour/Function) (Hour/Function) Test case)  (Hour/Test case) Test case) Defect) Defect) Defect)
IREG1 7.58 6.79 0.07 0.00 0.10 098 351 109 7
Modeling 1 500 7.50 0.12 0.04 0.29 0.35 200 1.00 3

Figure 4.11 Measuring Actual Time Consumption with Normalization Calculation Result (1).
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Figure 4.12 Measuring Actual Time Consumption with Normalization Calculation Result (2).

From comparison outcome of above figure, there was a time consumption
of studying business requirement of REG 1 project executed over the calculation result
of UCL which may cause by this project was highly complicated and new knowledge
for tester who needed to design the testing exercise. Thus, that facts as mentioned was
still able to improve or mitigate by having more senior and experience tester to lead this
complicated project which the time consumption of this stage should be better and at
least in control of UCL level.

Finally, the proposed of improvement the calculation result was stated on
the following.

1. Consistently, measuring the comparison of calculation results of normalized
mean and UCL with historical time consumption of each testing process at the unit

deliverable level.
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2. Always seeking the root cause and proposed action plan for resolution
of every testing process that its time consumption of each testing process at unit
deliverable spent over UCL value.

3. Applied all historical projects in the exercise into the calculation process

in order to update the values of normalized mean and UCL at least every 6 months.
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CHAPTER V
CONCLUSION

As per proposed, this research was to seek the possibility to identify the
improvement of testing time estimation at the unit deliverables-based level whereby the
unit deliverables-based level could mean number of business functions, number of test
cases and number of defects which the related activities on the testing process being
described in table below.

Table 5.1 Mapping Testing Process to Type of Unit Deliverables

Testing Activity Process Related to Unit Deliverable-based Level

Studying Business Requirement _ )
; ; _ Number of Business Functions
Review Unit & Integration Test Result
Design/Create Test Case
Prepare Data Test Number of Test Cases
Execute Test

Log Defects

Fix Defects Number of Defects
Re-Test
Create Test Summary None

In summary from analysis stage, the calculation method under Six-Sigma
had appropriately delivered the calculation result after applying normalization approach
into the formulation which the observation of variance gap had been significantly
decreased. Thus, the deliverables of the calculation result in concentration with mean
value and 3 sigma upper control limit value had demonstrated their maturity level
whereby the delivered values were optimistic result and suited with next step of
experimental. In addition, the reason of applying 3 sigma into the calculation on upper

control limit was to see the maturity of initiated the estimation baseline which all
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selected projects were executed the time consumption of testing under the control limit.
But there are still some gap of initiated baseline and actual time consumption which the
further calculation may consider reducing the sigma factor to standard practice at
2 sigma.

At the stage of Improve and Control, the result of comparison with other
historical projects have demonstrated the stabilization result whereby all historical
projects were executed under the proposed of UCL figures. While the key objective was
to seek the optimum mean value that would be able to apply for estimation figure in the
future project. But this efficiency of the exercise within this research, was performed
suiting with only one specific organization under designed project management and
execution procedure whereby other organization may consider to apply the same

technique and formulation by using their historical projects data and testing.
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