3 Research Design and Methodology
3.1 Introduction
This chapter details out the methodology that was employed in this research. It describes the
research concept, research approach, conceptual design, operationalisation of concept,
questionnaire design, determining sample and finally the data collection for the analysis.

3.2 Problem Definition and Research Concept
Software industry is one of the potential revenue generators to Sri Lankan economy. Presently
huge investments are happening on the software development industry and it is a positive sign as
return on investment of these investments definitely contribute to the country’s growth.
Return is always coupled with risk. When the risk is high, return will be lower although the other
things being equal. Software development projects still fail to deliver systems on time, within the
budget, within the project scope, with acceptable quality. Some of these failures are directly due to
not managing the project risks. Fifty five percent of failed projects did not practice risk
management at all (KPMG, 1997). These failures could be avoided by managers pro-actively
planning contingencies and dealing with risk factors rather than waiting for problems to occur and
then trying to react.
Usually this reaction is too little and too late, because by the time the problem is fully recognized,
the schedule has already slipped, a considerable investment has been made, the product quality has
suffered due to introduction of errors or workarounds/bypasses, and confidence of the client
towards the project goes down.
Risk management has been proposed as a solution to provide insight into potential problem areas
and to identify, address and eliminate them before they disrupt the project. In this context, key
paining factors to be identified to implement a successful risk management program.
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Past experience is widely used by many project managers to determine key risk sources. This
implies the experience matters when it comes to the risk identification decision. The researcher
had discussions with several industry experts. To them, experience matters a lot when making risk
management decisions. Especially the probabilities and impact of each risk items are vary in
different scenarios (with different levels of mitigation plans and contingencies). Making correct
decision is based on the experience.
In this context one of the problems faced by software project managers who are new to industry
today is the lack of accessible data about risk identification. Currently risk management data are
buried within persons and projects and not available to the wider community. Consequently,
software project managers are forced to resort to non-empirical arguments in deriving or
evaluating many project management decisions.
Identifying a prioritized list of risks with their probability of occurrence and the impact they can
cause can definitely help project managers to make rational decisions.

3.3 Research Approach
The study was built on both qualitative and quantitative methods. The researcher has followed the
sequence task shown in the Figure 3.1 to carry out the study in five different stages.

(Source: Saunders, Lewis and Thornhill, 2003)
Figure 3.1: The Research Process "Onion"
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Deductive research approach is used by the researcher to build this research, where “theories/laws
provides the basis of explanation, permit the anticipation of phenomena, predict their occurrence
and therefore allows them to be controlled” (Saunders, Lewis, and Thornhill, 2003). In a deductive
research approach a theory and findings are developed and a research strategy is then designed to
do the findings (Saunders, Lewis and Thornhill, 2003). The survey strategy is used for this
research as it “allows the collection of large amount of data from a sizable population in a highly
economical way” (Saunders, Lewis, and Thornhill, 2003).
Research survey is conducted in medium and large scale software development companies
operating in Sri Lanka that produce software products for both local and foreign markets. Software
development companies who employed more then 30 core functional employees are categorized as
medium and large scale companies (Wickramasinghe, 2006). Targeted research participant are the
project managers and project team leads who manage software projects.
The scope of this research is limited to only selective internal risk sources in software projects.
They are illustrated in the Figure 3.2.

Figure 3.2: Sources of Internal Risks
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The decision to narrow down the research scope is based on several discussions with experts in the
project risk management. Additionally the findings of follow-up study to the 1999 CHAOS
research enforced the decision.

3.4 Conceptual Model
The research framework is designed to extract unwritten knowledge of risk from the professionals
who are in the field of software project management. Captured knowledge of risks are analyzed
and evaluated to identify key risks in software project management and the most widely use risk
identification technique in Sri Lanka.
A survey questionnaire strategy is designed in gathering primary data. These primary data is used
to determine the prioritized list of risks in the software project management. The conceptual model
in the Figure 3.3 is developed to achieve the objective of the research.
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Figure 3.3: Research Conceptual Model
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Researcher has arrived at this research concept using the extensive literature review discussed in
the previous chapter, discussions with experts and the researcher’s industry experience in
managing software development projects.

3.5 Research Methodology
Identification of common sources of internal risks is based on expert views and the results of
follow-up study to CHAOS report – 1995/1999.
The following internal risk sources were selected for this research.
o Client/customer risk
o Technical risk
o Requirement and scope risk
o Schedule risk
o Project team risk
o Quality risk
Identified risk sources were further analysed to determine associated risks. This risk list was reanalyzed to prioritized risk items. A prioritized risk list was then used to determine key risk in
software project management.
There are various methods to prioritize risks. The researcher has analyzed existing methods to
identify the most suitable method for this study. Simplicity, usefulness, and applicability were the
features considered in method identification. Again researcher identified that collecting measures
like probability of occurrence of an event and impact that can be caused by the event are
straightforward. These measures are unbiased than direct risk ranking as direct ranking decisions
may influence risk utility of individuals.
Considering all above, researcher decided to use Defence System Management College’s (DSMC)
Risk Factor analysis (Figure 3.4) and Expected Value analysis (Harrington and Niehaus, 2005)
(Figure 3.5) as the analysis theories.
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Risk Factor = Pf + Cf - Pf X Cf

Pf - Probability of Failure
Cf - Consequence of Failure
(Source: Schwalbe, 2002)
Figure 3.4: Probability / Impact – Risk Factor Analysis

Expected Value = c1p1 + c2p2 + c3p3 + … cnpn = Σ CiPi

Pi - Probability of Failure
Ci - Consequence of Failure
(Source: Harrington and Niehaus, 2005)
Figure 3.5: Expected Value Analysis

Finally, the decision was made to test probability of occurrences of an event with its impact to a
project to prioritize the risk list.

Probability and impact are the behaviour type variables.

Behaviour type variables contains data on what people did in the past, do now or will do in the
future (Saunders, Lewis and Thornhill, 2003). The questions were designed to capture probability
of occurrence and the impact variables. Captured probability and impact values were used with
the risk factor analysis and expected value analysis to come into conclusion.
Ranking type questions are used to discover relative importance of an item/event to the respondent
(Saunders, Lewis and Thornhill, 2003). Therefore ranking type is used in determining the risk
identification method.
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3.5.1 Operationalization of Concepts
The Table 3.1 illustrates the operationalization components of the research with their relevance to
the concept.
Concept
Variable Type
Risk Factor What is the likelihood
/ Expected
of this risk becoming
Value
a problem
What is the damage if

Indicator
Measure
Probability of occurrences of each Likert scale

Results
Calculate

item

Risk factor

Impact to the software project

Likert scale

and
Expected

the risk does become

value

a problem

Table 3.1: Operationalization of Components

Risks factors and expected values were calculated and based on their statistical values prioritized
list of risk items were determined. The rating /scale questions were used to collect probability and
impact data. Most commonly used approach, the Likert-style rating scale with five point rating
scales was used in this study. Likert-style rating scale facilitated researcher to test respondent’s
behaviour on a given statement (Saunders, Lewis and Thornhill, 2003).

3.5.1.1 Question Coding Scheme
A coding scheme was designed to assign values of each response in the questionnaire. This
scheme was used in the data analyze section. The value that assigned to each probability and
impact response are illustrated in the Table 3.2 and Table 3.3.
Pf – Probability of Occurrence:
Likert Scale

Weight Assigned

Very Low

0.01

Low

0.05

Moderate

0.14
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High

0.30

Very High

0.50

Table 3.2: ProbabilityLevels

Probability of an event is a random variable that resides in a normally distributed curve (Aczel and
Sounderpandian, 2002). Total value of this curve is equal to one. Hence the probability Pi is ΣPi =
1 and 0<Pi≤1.
Cf – Consequence (Impact) Level:
Likert Scale

Weight Assigned

No impact

0.1

Very minimal impact

0.3

Average impact

0.3

Critical impact

0.7

Complete failure

0.9
(Adopted from: Schwalbe, 2002)

Table 3.3: Impact Levels

These probability and impact value assignments are needed in risk factor and expected value
analysis.

3.5.2 Determining Sample
The procedure by which a few subjects are chosen from the universe to be studied in such a way
that the sample can be used to estimate the same characteristics in the total is referred to as
sampling (Saunders, Lewis, and Thornhill, 2003). The advantages of using samples rather than
surveying the population are that it is much less costly, quicker and if selected properly it gives the
results with known accuracy that can be calculated mathematically. Even for relatively small
samples, accuracy does not suffer even though precision or the amount of detailed information
obtained. These are the important considerations, since most research projects have both budget
and time constraints.
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Determining the population targeted is the first step in selecting the sample. This may sound
obvious and easy, but is not necessarily so. In some instances, the decision to select a sample may
limit the scope and then more operational definition of population would be considered. This
makes the research more doable, but also introduces delimitations of the study’s scope (Saunders,
Lewis, and Thornhill, 2003).
The next step is to identify sampling frame. The list from which the respondents are drawn is
referred to as the sampling frame or working population (Saunders, Lewis, and Thornhill, 2003). It
includes lists that are available or that are constructed from different sources specifically for the
study. Directories, membership or customer lists, even invoices or credit card receipts can serve as
a sampling frame. However, comprehensiveness, accuracy, currency, and duplication are all
factors that must be considered when determining whether there are any potential sampling frame
errors.

3.5.2.1 Non-Probability Sampling Techniques
In non-probability sampling, the sample is selected in such a way that the chance of being selected
of each unit within the population or universe is unknown. Indeed, the selection of the subjects is
arbitrary or subjective, since the researcher relies on his experience and judgment. As a result,
there are no statistical techniques that allow for the measurement of sampling error.

1. Snowball Sampling
“Snowball sampling as a commonly use sampling technique that use when it is difficult to identify
members of the desired population” (Saunders, Lewis, and Thornhill, 2003).
Process of snowball sampling starts with make contact with one or two known cases in the
population. Then use their contacts to reach the sample is as large as is manageable. This research
is used snowball sampling to identify its sample.
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2. Judgment Sampling
In judgment sampling, the researcher or some other "expert" uses his/her judgment in selecting the
units from the population for study based on the population’s parameters (Saunders, Lewis, and
Thornhill, 2003).

3. Quota Sampling
In quota sampling, the population is first segmented into mutually exclusive sub-groups. Then
judgment is used to select the subjects or units from each segment based on a specified proportion
(Saunders, Lewis, and Thornhill, 2003).

4. Convenience Sampling
In convenience sampling, the selection of units from the population is based on easy availability
and/or accessibility (Saunders, Lewis, and Thornhill, 2003).

3.5.2.2 Research Sample
The method of sample determination is very important in any business research. Researcher should
take all possible measures to make accurate and un-biased sample (Saunders, Lewis, and
Thornhill, 2003). Furthermore sample should represent the population best.
Essentially in this research the researcher selected snowball sampling method. Rational behind this
decision is the difficulty to find probabilistic sample from project managers who are involved in
software development projects as they are reluctant to responded to survey on a sensitive area like
risk management.
To overcome this, the researcher has decided to do the survey on a large sample. The sample is
taken from large and medium scale software development companies operating in Sri Lanka.
Names of these companies are presented in the Appendix B. Reports published by the Sri Lanka
Association for Software Industry (www.slasi.com) and the BOI are sources of company
identification.
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As mentioned in the section 2.5.3.1, sampling process started with contacting known personnel
from each company and uses their contacts to reach the target personnel, the project managers and
team leads who manage software development projects. In this research three project
managers/team leads are chosen from each selected company. Collectively twenty medium and
large scale software development companies were selected for this research. The questionnaire
was distributed among these companies.
Researcher faced several issues in collecting survey responses. Some of participants were reluctant
to reveal their risk management experiences to the survey. Some tend to believe exposing risk
experience may not be good for their image. Some tend to believe responding to this survey may
violate non disclosure agreements with their companies. Researcher conducted several one to one
personal discussions to address the concerns they had.

3.5.3 Collecting Primary Data Using Questionnaires
Questionnaire is one of the most widely used survey data collection techniques (Saunders, Lewis,
and Thornhill, 2003). It provides same set of questions to respondents and is an efficient way of
collecting responses from a large sample. The uniformness of a questionnaire again makes easy
analysis of collected data.

3.5.3.1 Types of Questionnaires
The design of questionnaire differs to how it is administrated, hence self administrated are
completed by the respondents and interviewer administrated is recorded by the interviewer. Figure
3.6 illustrates types of questionnaires.
Questionnaires

Interviewer
administrated

Self Administrated

On-Line

Postal

Telephone

Delivery &
Collection

Structured
Interviews

(Source: Saunders, Lewis, and Thornhill, 2003)

Figure 3.6: Types of Questionnaires
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There are advantages and disadvantages associated with self administrated and interviewer
administrated questionnaires. Selection of best questionnaire type would be based on different
factors. Sample size, time availability, accepted accuracy of primary data, question uniqueness to
all the respondents are the factors considered in the decision. There are two primary forms of
questions. When respondents are given a number of predetermined responses, it is called closed or
close-ended questions. If they are required to respond in their own words, it is called open or openended questions.
Closed questions are much easier to interpret since they are standardized and therefore can be
analyzed statistically. They are also quicker to complete for the respondent, but they are more
difficult to write since the answers must be anticipated in advance. Ultimately, the respondent is
being asked to choose the answer that is closest to their own viewpoints, but not necessarily their
point of view.
Researcher analysed the advantages and disadvantages in both the forms of questions and decided
to use close type questions. Collecting large amount of responses and analysing them is easy with
close-ended questions.

3.5.3.2 Questionnaire Design
Considering the facts that mentioned in the section 3.5.3.1, self administrated questionnaire
method is used for collecting primary data. Risk items related to following internal sources are
tested in this research.
o Client/stakeholder risk
o Technical risk
o Requirement and scope risk
o Schedule risk
o Project team risk
o Quality risk

44

The number of question per each source is based on the preliminary studies. Question break down
is shown in the Table 3.4.
Criterion

No of Questions

Client/Stakeholder Risk
Technical Risk
Requirement & Scope Risk
Schedule Risk
Project Team Risk
Quality Risk

6
6
6
6
12
4

Table 3.4: Question Breakdown by Source

Questions and their relevant internal risk sources are illustrated in the Appendix C. Initially,
prepared questionnaire was reviewed by industry experts and academics. Then it was edited twice
to make into final break down. A covering letter was provided with the questionnaire to explain
the research objectives to the participants. Figure 3.7 illustrates the stages that must occur to have a
valid and reliable question.

Researcher is clear about
the information requested
and designs a question

Researcher decodes the
answer in the way the
respondent intended

Respondent decodes the
question in the way the
researcher intended

Respondent answer the
question

(Source: Saunders, Lewis, and Thornhill – 2003)
Figure 3.7: Stages that must occur to if a question is to be valid and reliable

This questionnaire assesses software project manager’s and team lead’s perception of the impact of
risk item on project success. In this research the researcher has used generalized method to collect
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primary data. Probability of occurrence of a risk item and the impact it can cause to project success
are the identified variables.
Risk utility or the tolerance for risk is how individuals are striving to find a balance between risk
and opportunities in all aspect of projects and their lives (Schwalbe, 2002). Some are risk neutral,
some are risk averse and some are risk seekers. Risk tolerance of respondents contributes
negatively to a research finding as that could lead to less accurate results. Researcher has identified
and considered the above factor in the research designing. Decision to collect probability and
impact values minimized errors due to risk tolerance from the results.
Two variables that used to collect primary data are measured on a five point Likert type scale.
i.

Probability Level:
Very Low – 0.01, Low – 0.05, Moderate – 0.14, High – 0.3, Very High – 0.5

ii.

Impact Level:
No impact – 0.1, Very minimal impact – 0.3, Average impact – 0.5, Critical impact – 0.7,
Complete failure – 0.9

The Questionnaire also contained a question to collect most widely used risk identification method
from a given list (Table 3.5). Extra spaces were given at the end of the list to specify any other risk
identification methods for this research. It was specifically stated on the questions to rank
frequently used and most useful method from the given list or specified by the responder.
Risk Identification Method

Use the past experience
Expert judgment
Brainstorming
Table 3.5: Risk Identification Methods

Ranking method is used to evaluate usefulness and frequency of use of each method. Rank one is
the most used risk identification method. Some additional questions were included to collect
participant’s perception towards the project management functions, personal information like
number of years of project management experience and risk management exposure.
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Based on the number of years of project management experiences, weights are assigned to risk
factors and expected values that are calculated with probability and impact. There are five
experience intervals defined in the questionnaire. Total weight is equally divided into number of
experience intervals. This gave 0.2 weights for all experience categories. But same weight value
cannot be allocated to all the experience intervals equally as they vary. Risk management maturity
comes with experience and due to that a higher weight should be allocated for more experienced
responses and vice versa. The Table 3.6 illustrates assigned weight for each experience interval.
Number of Years of Project
Management Experience

Weight

Less than 1 year
1 to 2 years
2 to 5 years
5 to 10 years
More than 10 years

0.10
0.15
0.20
0.25
0.30

Table 3.6: Assigned Weights

Initially the value 0.2, which is the equally divided portion of the total weight, is assigned to the
middle interval that is “2 to 5 years experience” category. Value of 0.05 is added to the middle (“2
to 5 years experience”) interval value and is allocated to interval right to middle. This process is
continued until the right most interval. Value 0.05 is subtracted from the middle interval and is
allocated to interval left to middle. This is continued until the left most interval.
Less than 1
year

1 to 2
years

2 to 5
years

0.20+0.05
0.15

0.20-0.05

5 to 10
years

0.25
0.25+0.05

0.15-0.05
0.10
0.10

0.15

0.20

More than
10 years

0.25

0.30
0.30

Figure 3.8: Weight Identification Methodology

Figure 3.7 illustrates how the weights are identified for each experience category. These weights
were used as multipliers to calculate risk factors and expected values.
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The Complete questionnaire is enclosed as Appendix A. Other findings are enclosed as Appendix
C.
As a pilot test, copies of the questionnaire were distributed among project managers in several
companies who are known to the researcher. Statistical evaluation was not performed on the pilot
test results as objective of it was to evaluate the ability to understand and the clarity of the
questions. Based on the collected feedback of the pilot test, researcher reworded some of the
questions from their original to the present form.
Finalized questionnaires were distributed in twenty software development companies and from
each company three participants were selected for the test. Responses were collected in printed and
electronic format as per the participants’ convenience. These collected data was considered as the
primary data for the research and were analyzed to fulfil research objectives.
The most commonly used method of describing central tendency, the mean, (Trochim, 2002) and
the standard deviation are used in this as initial analysis. Standard deviation is the more accurate
method to measure spread of values around the central tendency (Trochim, 2002).

48

