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ABSTRACT

Stakeholder management is instrumental in the success of a project and thus in the present
study, different dimensions of stakeholder management were critically evaluated in the
context of the rainfall enhancement project in Oman. The rainfall enhancement project,
using the ionization technique, is among the major national projects recently undertaken
by the Omani government to confront the country’s scarcity of water resources. Oman
showed an interest in artificial rainfall in 2013, setting up an ambitious project that includes
12 ionization stations. The government decided to implement the Australian experience in
artificial rainfall. This method is used by experts in the field to enhance the amount of rain
by emitting ions with favourable climatic conditions.
Oman appointed a local enterprise to establish the artificial rainfall project by implementing
the Australian method, using the ATLANT system (Figure 1), which has proven to be
statistically successful. Although ATLANT technology has only recently come to light,
attempts at rainfall manipulation have been ongoing for decades. Rain enhancement
technology was introduced as far back as the Second World War. The government has
started to make the 12 potential stations operational, either by appointing the same company
to manage them or by managing the project themselves through the Ministry of Regional
Municipalities and Water Resources. Five years into the project, there had been a noticeable
increase in rainfall. It rose by 18% between 2013 and 2017, a result that encouraged the
state to carry the project forward to completion.
The work done has considered the view of relevant literature, and data has been collected
through a structured questionnaire passed to 332 participants who are considered to be
stakeholders. The study hypotheses have been formulated on the basis of study propositions,
and a conceptual model has been proposed to be tested in this study. It also details the key
concepts in project management success and stakeholder satisfaction.
The study focuses on critical success factors in project management and their impact on
project management success and on stakeholder satisfaction. The work aims to identify the
critical success factors contributing to project management success and to ascertain their
applicability to and suitability for rainfall enhancement projects of the kind used here as a
case study.

2021

1.0

AL-HARRASI ET AL.

INTRODUCTION

During the twentieth century, a number of Russian
scientists worked to develop methods to control
aspects of the weather. During the 1920s, Alexander
Chizhevsky suggested that moisture-absorbing
ions in the atmosphere might be the key to rain
enhancement (Poulinetz 2009). Later work by
Russian scientists proved that applying ionization to
enhance rain was theoretically possible (Poulinetz
2009). After the fall of the Soviet Union, a group of
Russian scientists established the company ELAT
in Mexico and demonstrated the possibility in the
practice of using ionization techniques to enhance
rainfall. The initial results showed that rainfall
levels increased by 61% (Bychkov and Maximov
2015). The result was arrived at by comparing
post-intervention rainfall with expected average
rainfall during the same period of a year. There has
been a significant increase of up to 20% in rainfall
in Oman since 2013 when this project was first
undertaken (Tarafdar 2014). Oman has 12 stations
with ionization towers in the Al Hajar Mountains.
The cloud ionization technique adopted for rainfall
enhancement is probably the main reason for greater
rainfall in Oman in recent years. The technology is
dependent on the topography of the area where ion
emitters are installed. This technology uses giant
ionizers to generate fields of negatively charged ions,
which are pushed to a higher atmosphere by wind.
Charged particles react with the clouds, potentially
resulting in rainfall. The ionization towers are
switched on or off, depending on the cloud formation.
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The success of this project is critical, as it is a costeffective method of getting freshwater in comparison
to other methods, like desalination or cloud seeding,
which is quite an old method of inducing increased
precipitation As Christner et al. reported: “Cloud
seeding is a form of weather modification, a way
of changing the amount or type of precipitation that
falls from clouds, by dispersing substances into the
air that serve as cloud condensation or ice nuclei,
which alter the microphysical processes within the
cloud. The usual intent is to increase precipitation
(rain or snow), but hail and fog suppression are also
widely practiced in airports” (ASCE 2016, 2017,
2020; Christner et al. 2008).
Oman showed an interest in artificial rainfall in
2013, setting up an ambitious project that includes
12 ionization stations. The government decided
to implement the Australian method (ART 2021)
of artificial rainfall which was originally invented
by the Russian team (Beare et al. 2014). This
method is used by experts in the field to enhance
the amount of rain by emitting ions with favorable
climatic conditions. Lézine et al. (2002) note that
in the past, countries in arid regions have relied
on cloud seeding as opposed to cloud ionization.
This has proved difficult to sustain for two main
reasons. First, cloud seeding is quite costly based
on Oman topography thus requires significant
financial resources that would be difficult for the
project management to secure financial funding
from the Omani government. Second, cloud
seeding is difficult to maintain, therefore, it requires

Fig. 1. An ATLANT unit in the Al Hajar Mountains in Oman (Oman Rainfall Enhancement Final Report, February 2017).
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continuous improvement and advancement
to maintain a reliable and desirable state of
production. Cloud ionization, on the other hand, is
less costly and guarantees reliable results with little
maintenance.
This study about the management of stakeholders
during the Oman rainfall enhancement project
undertaken by the government of Oman, which
was an important element in this project’s success
and achievement. The project was under the local
company’s charge until 2018. Since then, the
government has started to make the 12 potential
stations operational, either by appointing the
same company to manage them or by managing
the project themselves through the Ministry of
Regional Municipalities and Water Resources.
Five years into the project, there had been a
noticeable increase in rainfall. It rose by 18%
between 2013 and 2018, a result that encouraged
the state to carry the project forward to completion
(Chambers et al. 2021).
2.0

OVERVIEW OF THE STUDY

This study of stakeholder management in a rainfall
enhancement project in Oman aims to evaluate the
stakeholders’interactions and their accomplishments
to add value to the project. An effort has been
made through this study to include groups who
have interests in the rainfall enhancement project.
However, in this work, the factors which influence
a stakeholder have been considered, rather than
an impact analysis of the stockholders’ effects on
macroeconomic parameters. The study strives to
explore various factors involved in stakeholder
management and its impact on the success of the
project and stakeholder satisfaction. The study
will contribute to an understanding of the role of
stakeholder management factors such as stakeholder
identification, stakeholder analysis, stakeholder
dynamics, and stakeholder engagement in ensuring
the success of the project and satisfying the
concerned parties. The outcomes of the study will
help managers of the rainfall enhancement project
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in Oman to identify and manage its stakeholders
in an effective manner to ensure the success of the
project and improve stakeholder satisfaction.
The study of stakeholder management in the Omani
rainfall enhancement project commenced with
the identification of stakeholders. Subsequently,
a literature search and review was conducted
in the following key areas: previous studies
on stakeholder management generally and on
stakeholder management in rainfall enhancement
projects specifically; rainfall enhancement project
success and key performance indicators; and
available study on different aspects of study design
and methodology. The review was primarily based
on sources such as articles in research journals,
doctoral theses, and textbooks. The study identified
research gaps after a thorough investigation and
analysis of the literature and thereby identified
critical success factors (CSFs) for stakeholder
management in rainfall enhancement projects.
To investigate the current practices of stakeholder
management in Omani rainfall enhancement, 256
questionnaires were administered to stakeholders
to uncover their opinions about different aspects
of stakeholder management in the project. The
respondents included stakeholders working in the
project, as well as those with developmental and
monitoring roles.
The CSFs for stakeholder management and the
proposed study model for stakeholder management
were evaluated through the questionnaire. As a
result, the proposed study model was tested on
different dimensions and relationships amongst
CSFs, and constructs were ascertained using
structural equation modeling (SEM). Smart PLS
was used to explore the relationships among the
variables of the study.
3.0

LITERATURE REVIEW

3.1

Stakeholders Managment Models

Freeman (1984) is one of the early contributors
to the area of stakeholder identification and
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management. Earlier the term stockholder was used
by authors but Freeman used the word stakeholder
as the word stockholder has linkages which are
limited to economic dimensions only.
As clarified in Figure 2, Freeman has given the
following definition of stakeholders: “group[s]
of people who can affect or can be affected by
the achievement of the organization’s objectives”
(Freeman 1984), and "those groups who are vital
to the survival of the organization” (Freeman et al.
2004).
Furthermore, Freeman (1984) thinks that the idea
of stakeholders, stakeholder management, or a
stakeholder approach to strategic management
suggests that managers must formulate and
implement processes that satisfy all and only those
groups who have a stake in the business. The main
task in this process is to manage and integrate
the relationships and interests of shareholders,
employees, customers, suppliers, communities, and
other groups in such a way that guarantees the long-
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term success of the firm.
It is interesting to note that Freeman (1984; 2004)
changed the definition of stakeholders in his later
works. There is a lack of consensus on defining
stakeholders. Researchers have pointed out simple
differences in the types of stakeholders in numerous
studies, and only three works are comprehensive
in determining typologies: that of Kaler (2002);
Mitchell et al. (1997); and Wagner et al. (2012).
Mitchell and colleagues’ (1997) model of
stakeholder salience Figure 3, which sorted
stakeholders according to the presence of the
attributes of power, legitimacy, and urgency, is the
most prominent schema. Derived from an analysis
of 27 stakeholder definitions, stakeholders are
categorized as definitive; dependent; dangerous;
dominant; discretionary; demanding, and dormant.
Whilst this is not a classification of definitions, it
does contain beneficial elements for classification,
such as attribute determination and the recognition
of convergence of attributes.

Fig. 2. Stakeholder view of firm (Freeman 1984).
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Fig. 3. Mitchell Stakeholder Salience Model (Mitchell et al. 1997).

Based on the Mitchell stakeholder salience model,
as discussed above, different types of stakeholders
in Oman’s rainfall enhancement project have
been grouped into dominant, dormant, dangerous,
definitive, discretionary, dependent and demanding
stakeholders. The following are identified as key
stakeholders in the present study:
•

Oman's Rainfall Enhancement Project
Managers

•

The Ministry of Wealth Agricultural
Fisheries and Water Resources

•

Directorate General of Meteorology

•

Sultan Qaboos University (Dept. of
Agriculture)

•

Oman TV

•

Oman Agriculture Society

•

Oman Water Society (OWS)

•

The Ministry of Finance

•

Royal Oman Police

•

General State Audit

•

German University

•

Sohar University

•

Nizwa University

•

Suppliers company

•

Farm

•

The Ministry of Higher Education

•

The Ministry of Health

•

The Public Authority for Electricity and
Water

•

Al Watan Newspaper

•

Times of Oman Newspaper

•

Al Shabiba Newspaper

•

Al Roya Newspaper

From these three attributes, we can identify seven
types of stakeholders in this study, as shown in
Figure 4, under the three broad categories of “latent”,
“expectant”, and “definitive”. This new framework,
based on fuzzy logic and visual analysis, was
proposed by Poplawska et al. (2015) to determine
the importance of stakeholders by showing their
salience and responsibility in a particular entity.
The results of their study indicate that the highest
~ TECHNICAL NOTES ~
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Fig. 4. Stakeholder Typology

salience is possessed by the management and
community.
3.2
Critical Success Factors for Stakeholder
Management
It is important to study – and, if necessary, act
upon – stakeholder-related factors because they can
enable informed decision-making by the project
team during the project’s execution (Molwus et al.
2014). It is thus important for any project team to
provide due importance and significance to CSFs
of stakeholder management. Numerous past studies
have highlighted key factors to be considered for
successful stakeholder management in projects
(Jepsen and Eskerod 2009; Olander and Landin

2008; Chinyio and Akintoye 2008; Jergeas et al.
2000). Jepsen and Eskerod (2009) have reported
the importance of stakeholder identification
and classification and stakeholder analysis and
expectations as key components of the stakeholder
management process. Most of the studies in
stakeholder management, and its relationship to
CSFs, have been done in construction projects,
and no study has been conducted in the context
of rainfall enhancement. Notable recent studies
include the work of Yang et al. (2009) and Li et
al. (2011); the latter also identified “flexible
project organisation” as a critical success factor for
stakeholder management in construction projects.

~ TECHNICAL NOTES ~

JOURNAL OF WEATHER MODIFICATION

12

VOLUME 53

Table 1. Grouping of CSFs into Various Constructs

Construct

Stakeholder
Identification

Items (CSFs)

Sources

Clarity in defining the project mission

Jerges et al. 2000; Akintoye et al.
2003; Thomson et al. 2003; Chinyio
and Akintoye 2008; Amoatey and
Hayibor 2017

Use of comprehensive procurement
method

Atkin and Skitmore 2008;
Rwelamila 2010

Identification of stakeholders in a
project

Mathur et al. 2008; Jepsen and Eskerod
2009; Amoatey & Hayibor 2017

Enabling flexibility in organization of
project

Olander and Landin 2008;Chinyio and
Akintoye 2008; Li et al. 2011

Exploring and comprehending areas of
interest of stakeholders in project

Jepsen and Eskerod 2009; Olander and
Landin 2008; Yang et al. 2009

Ascertaining and analyzing stakeholder
Mitchell et al. 1997; Yang et al. 2009;
power (capability to influence the
Aaltonen and Kujala 2010
actions of other stakeholders)
Ascertaining and analyzing urgency
(degree to which stakeholders’ claims
require immediate attention)

Mitchell et al. 1997; Yang et al. 2009;
Aaltonen and Kujala 2010

Ascertaining and analyzing stakeholder
Mitchell et al. 1997; Yang et al. 2009;
legitimacy (perceived validity of
Aaltonen and Kujala 2010
stakeholder claims)

Stakeholder
Analysis

Ascertaining and analyzing stakeholder
proximity (level of association
Mitchell et al. 1997; Yang et al. 2009;
or closeness with the project) of
Aaltonen and Kujala 2010
stakeholders
Appropriately classifying stakeholders
according to their attributes/
characteristics
Predicting and mapping stakeholders’
behaviors (supportive, opposition,
neutral etc.)
Predicting stakeholders’ potential
influence on each other

Karlsen 2002; Mitchell et al. 1997
Freeman 1984; Yang et al. 2009;
Aaltonen and Kujala 2010
Pajunen 2006; Jepsen and
Eskerod 2009

Predicting stakeholders’ potential
influence on the project

Pajunen 2006; Jepsen and
Eskerod 2009; Cova and Salle 2006

Identifying and analyzing possible
conflicts and coalitions among
stakeholders

Jepsen and Eskerod 2009;
Yang et al. 2009; Amoatey and
Hayibor 2017

TABLE CONTINUED ON NEXT PAGE
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Table 1. Grouping of CSFs into Various Constructs

Construct

Stakeholder
Dynamic

Stakeholder
Engagement

Items (CSFs)

Sources

Solving stakeholder conflicts
effectively

Yang et al. 2009;Chinyio and
Akintoye 2008; Amoatey and Hayibor
2017

Managing changes in stakeholders’
interests

Jergeas et al. 2000; Jepsen and
Eskerod 2009

Managing changes in stakeholders’
influence

Jergeas et al. 2000; Olander 2006

Managing changes in their relationships Pajunen 2006; Chinyio and
between stakeholders
Akintoye 2008
Managing changes in stakeholders’
attributes

Mitchell et al. 1997; Olander 2006

Managing how project decisions affect
stakeholders

Chinyio and Akintoye 2008; Aaltonen
and Kujala 2010

Anticipating reaction patterns of
stakeholders when implementing
project decisions

Chinyio and Akintoye 2008; Yang et
al. 2009

Connecting with relevant stakeholders
to revise or redefine project mission

Jerges et al. 2000; Yang et al. 2009;
Aaltonen and Kujala 2010

Devising adequate strategies for
engaging/managing stakeholders

Chinyio and Akintoye 2008; Yang
et al. 2009; Cova and Salle 2006;
Amoatey and Hayibor 2017

Developing constructive and positive
relationships with stakeholders

Olander and Landin 2008; Yang et al.
2009; Aaltonen and Kujala 2010

Involvement of stakeholders at
inception stage

Aapaoja et al. 2013; Smith and Love
2004

Formulating appropriate strategies to
manage/engage different stakeholders

Chinyio and Akintoye 2008; Yang et
al. 2009

Diversified

Olander and Landin 2008; Yang et al.
2009; Aaltonen and Kujala 2010

Communicating with stakeholders
properly and frequently (instituting
feedback mechanisms)

Jergeas et al. 2000; Olander and
Landin 2008; Chinyio and Akintoye
2008; Yang et al. 2009

Considering corporate social
responsibilities (paying attention to
economic, legal, environmental and
ethical issues)

Mathur et al.2008; Yang et al. 2009

TABLE CONTINUED ON NEXT PAGE
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Table 1. Grouping of CSFs into Various Constructs

Construct
Stakeholder
Engagement

Items (CSFs)

Sources

Timely completion of project, cost
savings, acceptable quality standards
and completion of project to
stakeholders’ satisfaction

The 30 CSFs have been grouped into four
constructs, as per the literature available in the
domain of stakeholder management. Table 1 details
the studies that deal with grouping the CSFs in the
present study.
Stakeholder engagement should lead to a capture of
their inputs and feedback in the project development
process, as this activity will foster a sense of
association with specific projects (Bourne and
Walker 2005). Proper engagement of stakeholders in
a project can enhance the perception of ownership,
and it will be an important consideration in the
success of projects (Shepherd and Bowler 1997).

Adnan et al. 2013; Ofori 2013; Ljevo
et al. 2017

Figure 5 explains how the CSFs for stakeholder
management are grouped into the constructs
and the effects of stakeholder identification,
stakeholder analysis, stakeholder engagement
and stakeholder dynamic on project management
success and how this is effective in the satisfaction
of various stakeholder groups. Also, it is describing
relationships expected between the constructs and
hypothesis under this study.
4.0

HYPOTHESES AND STUDY MODEL

Based on the study laid out thus far, the following
study hypotheses have been formulated for this
study:

Fig. 5. Proposed sCritical Success Factors in Project Management.
~ TECHNICAL NOTES ~
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•

H1 Stakeholder identification is correlated
with project management success.

•

Who are the stakeholders of the Oman
rainfall enhancement project?

•

H2 Stakeholder analysis is correlated with
project management success.

•

Is there a relationship between stakeholder
identification and project success?

•

H3 Stakeholder dynamics are correlated with
project management success.

•

Is there a relationship between stakeholder
analysis and project success?

•

H4 Stakeholder engagement is correlated
with project management success.

•

Is there a relationship between stakeholder
dynamics and stakeholder satisfaction?

The hypotheses stated above articulate the
relationships expected among the variables
under study. The study model emerging from the
hypotheses is presented in Figure 6. The model
proposes the direction and nature of the effects
between stakeholder identification, stakeholder
analysis, stakeholder dynamics and stakeholder
engagement, as well as their effect on project
management success and stakeholder satisfaction
in the Omani rainfall enhancement project.

•

Is there a relationship between stakeholder
engagement and stakeholder satisfaction?

•

Is there a relationship between project
success and stakeholder satisfaction?

To understand the study problem in a more
systematic way, several study questions have been
formulated. They are:

5.0

JUSTIFICATION OF METHODOLOGY

Saunders and colleagues provide a “research onion”
(Figure 7), which is a generic description of research
methods that can help researchers decide the
research and data collection methods. The research
onion acts as a step-by-step guide for researching
in a structured manner. There are six layers in the

Fig. 6. Proposed study Model
~ TECHNICAL NOTES ~
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onion, namely, philosophies, approaches, strategies,
choices, time horizons, techniques and procedures
(Saunders et al. 2009).
5.1
Layer 1 of the Onion: Philosophical
Stances
Ontological philosophy depicts the nature of reality
that surrounds us. It strives to address questions like
how things happen, how society functions, and how
ontological philosophy influences things around us.
Crotty (1998) defines ontology as “the study of
being”. Ontology has three philosophical positions:
objectivism, constructivism, and pragmatism.
Objectivism fuses subjectivity, and objectivity to
comprehend objects or phenomena. Constructivism
accepts reality as a construct of the human mind,
therefore reality is perceived to be subjective.
The present study is based on the positivism
approach, as in this study, study questions and
hypotheses that researchers can further test and
provide explanations for, with respect to an accepted
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body of knowledge, have been developed and tested.
This study also builds on the body of knowledge
that can be further tested by researchers and has led
to quantifiable results which have been statistically
analyzed. This study is also interpretivist in nature,
as respondents’ perceptions were assumed to be
influenced by social and cultural life.
5.2
Layer 2 of the Onion: Deductive or
Inductive Approaches to Research
The deductive approach starts with research
hypotheses and research questions and aims to
answer them. Hence, the researcher moves from
theory to research questions. The thought process
of deduction moves from theory to the research
question, to data collection, then onto findings and,
finally, to rejection or confirmation of the research
question. This should lead to a revision of the
theory, and often starts the process over again. The
inductive approach strives to create theory. It is in
one way the opposite of the deductive approach

Fig. 7. Research Onion (Saunders et al. 2009).
~ TECHNICAL NOTES ~
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because the research starts from research questions
and ends with the formulation of the theory.
The present study has a deductive approach
as it focuses on “developing a hypothesis (or
hypotheses) based on existing theory, and then
designing a research strategy to test the hypothesis.
The study moves from theory to research questions,
wherein data has been collected and the hypotheses
have been tested.
5.3

Layer 3 of the Onion: Strategies

The present study is based on the survey method
of research, as the stakeholders of the rainfall
enhancement project in Oman were surveyed on
various aspects of key success factors of project
management and stakeholder satisfaction.
5.4

Layer 4 of the Onion: Choices

This is the stage where it can be decided whether
to use one or both methods and whether to use
them equally or with one more dominant than
the other. Quantitative and qualitative research
methods do not have a layer of their own in
the onion research diagram, as they should be
continually considered throughout the research
design “journey”. Mono-method research is when
either quantitative or qualitative data is collected,
rather than a combination of both. This may be due
to the demands of the philosophy and strategies
employed. It could also be used to research an
opposing view to existing mono-method studies.
Mixed-methods research is when the researcher
uses quantitative and qualitative research methods
in the process of their study, data collection and
analysis. It can be argued that by combining both
types of research, the limitations of each method
can be offset, and gaps in data can be filled or
predicted. Mixed-method research has the potential
to enhance the validity of findings.
In the present study, mono-method research has been
undertaken. Data collected from respondents has
been analysed using various statistical techniques
like correlation, regression and structural equation
modelling.

5.5
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Layer 5 of the Onion: Time Horizons

There are only two-time horizon choices. These
are cross-sectional, which is a short-term study,
and longitudinal, which is research carried out
over a longer period. Cross-sectional designs can
use qualitative and quantitative research, and they
measure an aspect or behavior of many groups or
individuals at a single point in time. Longitudinal
designs can also use qualitative and quantitative
research, but they examine events and behaviors
using samples over a longer period. The present
study is cross-sectional in nature as the data has
been collected from respondents at a single point
in time.
5.6
Layer 6 of the Onion: Techniques and
Procedures
The final layer of the onion moves the research
design further into the practicalities of data
collection and analysis.
This layer includes decisions about sample groups,
questionnaire content, and questions to be asked in
interviews, among others. All the decisions made
and tools employed at this final stage must fit with
the philosophies, philosophical stances, strategies,
choices, and time horizons already chosen if valid
results that can withstand criticism are to be created.
The present study has an approach that draws on
both positivism and interpretivism, because this
study has generated research hypotheses that have
been further tested statistically, and the study
model proposed in the study can be tested by other
researchers working in a similar domain (Figure
7). This study is interpretative in nature because
it focuses on individual participation in social and
cultural life. The study has a deductive approach
because it focuses on developing a hypothesis (or
hypotheses) based on existing theory, and then
designing a research strategy to test the hypothesis.
Data collection has been done through a survey
method in which participants were provided with a
structured questionnaire and asked to provide their
responses. The research is primarily quantitative
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and cross-sectional in nature, as it has been collected
at one point in time.
6.0

DATA COLLECTION METHOD(S)

The present study proposes to collect data from
322 participants through self-administration of the
structured questionnaire (see the form in Appendix
A) with closed-ended items. Questionnaires were
used because the respondents were literate and
able to understand the questions and provide
their responses appropriately. The questionnaire
was administered in person by the researcher to
the respondents. Respondents qualifying with the
minimum eligibility criteria were required to work
through questions about stakeholder identification,
stakeholder analysis, stakeholder dynamics, and
stakeholder engagement, and to answer questions
related to project management success and
enhanced stakeholder satisfaction.
Respondents were asked structured questions
about various aspects of stakeholder management:
stakeholder identification; stakeholder analysis;
stakeholder dynamics; and stakeholder engagement
(independent variables); and project management
success and enhanced stakeholder satisfaction
(dependent variables). This section describes
the dependent variable measures that are to be
employed for collecting data related to hypotheses
testing. Almost all the items are selected from highly
cited publications reporting empirical research in
the fields of stakeholder management and project
management. Some of the items went through
minor modifications with respect to wording to
align with the context of the study.
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test for sphericity were large and significant for all
of the factor analyses, and the KMO measure was
also more than 0.6. Therefore, factorability could
be assumed, as the assumptions were not violated.
In other words, the explanatory factor analysis has
been used to understand if the items in the scale
have similar patterns of responses and if they can
be brought together to create a construct.
7.2

Reliability of Scales

In the present study, Cronbach’s alpha has been used
to measure the reliability of scale items. Cronbach's
(1951) alpha coefficient is a formula that examines
the internal consistency of a multi-item measure
using the split-halves method and incorporating all
possible ways of splitting a sample in half. A low
alpha coefficient indicates that the combination of
items did not capture the construct well and did not
share the common core of the construct.
7.3

Test of Hypotheses

Hypothesis testing was done using correlation
analysis in SPSS 20.0. Different values were
obtained for Pearson’s r, Sig (2-Tailed) value.
When Pearson’s r is close to 1, it signifies a strong
relationship between the two variables. It means a
change in one variable is strongly correlated with
a change in a second variable. When Pearson’s r is
close to 0, it signifies a weak relationship between
two variables. It means that change in one variable
has no relationship with change in a second variable.
When Pearson’s r is positive, it means that if one
variable increases in value, the second variable will
also increase in value.

7.0

DATA ANALYSIS

Table 3 depicts the correlation results for variables
in our study. All the proposed hypotheses are found
to be significant at the .01 level (2-tailed).

7.1

Exploratory Factor Analysis

Hypothesis - I

Exploratory factor analysis was conducted, and
the individual items for each of the constructs
were factor analysed separately to examine the
dimensionality of the constructs in the research
model. As seen in (Table 2) the figures for Bartlett's

H1: Stakeholder identification is correlated with
project management success.
H01: There is no significant correlation between
stakeholder identification and project management
success.
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Table 2. Exploratory Factor Analysis

Stakeholder
Engagement

19

Q27

.810

Q28

.665

KMO = .862

Q29

.675

Bartlett =
325.832*

Q30

.714

Construct

Items

Factors

Tests

Stakeholder
Identification

Q1

.843

KMO = .865

Q2

.825

Bartlett =
387.848*

Q3

.863

Q31

.747

Q4

.859

Q32

.648

Q5

.871

Q33

.704

Q6

.787

KMO = .949

Q34

.642

Q7

.782

Bartlett =
1273.603*

Q1

.820

KMO = .652

Q8

.795

Q2

.724

Q9

.807

Bartlett =
322.862*

Q10

.841

Q3

.823

Q11

.824

Q12

.818

Q13

.851

Q14

.732

Q15

.787

Q16

.804

KMO = .863

Q17

.796

Bartlett =
382.246*

Q18

.739

Q19

.782

Q20

.821

Q21

.796

Q22

.784

KMO = .875

Q23

.783

Bartlett =
469.071*

Q24

.783

Q25

.756

Q26

.761

Stakeholder
Analysis

Project
Management
Success

Stakeholder
Dynamic

Stakeholder
Satisfaction

*p < 0.001
To identify the strength and the significance of the
relationship between stakeholder identification and
project success, Pearson's correlation analysis was
done. The findings revealed that there is a strong
positive correlation (r = .814) between stakeholder
identification and project success.

Table 3. Correlation Between Stakeholder Identification
(SI) and Project Success (PS)

Pearson Correlation
SI

SI

PS

1

.814**

Sig. (2-tailed)

.000

N

138

138

Pearson Correlation

.814**

1

PS Sig. (2-tailed)
N

.000
138

138

** Correlation is significant at the 0.01 level
(2-tailed).
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Table 4. The Relationship Between Stakeholder Analysis
(SA) and Project Success (PS)

Pearson Correlation

SA

PS

1

.835**

SA Sig. (2-tailed)

.000
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Table 5. Correlation Between Stakeholder Dynamics (SD)
and Stakeholder Satisfaction (SS)

Pearson Correlation

SD

SS

1

.768**

SD Sig. (2-tailed)

.000

N

138

138

N

184

184

Pearson Correlation

.835**

1

Pearson Correlation

.768**

1

PS Sig. (2-tailed)
N

.000
138

SS Sig. (2-tailed)
138

** Correlation is significant at the 0.01 level
(2-tailed).
Hypothesis - 2
H2: Stakeholder analysis is correlated with project
management success.
H02: There is no significant correlation between
stakeholder analysis and project management
success.
According to the statistical values exhibited in Table
4 the null hypothesis H02 can be rejected (r = .835, p
= .000). This leads to a conclusion that stakeholder
analysis is postively correlated with project
success. Moreover, a high value of the coefficient
of correlation (r = .835, p = .000) indicates a strong
correlation between the said variables.
Hypothesis - 3
H3: Stakeholder dynamics are correlated with
project management success.
H03: There is no significant correlation between
stakeholder dynamics and project management
success.
The findings revealed that there is a strong
positive correlation (r = .768) between Stakeholder
Dynamics and Stakeholders’ satisfaction, as shown
in Table 5. In addition to testing the strength and the
direction of the relationship between Stakeholder
Dynamics and Stakeholders’ satisfaction, the

N

.000
184

184

** Correlation is significant at the 0.01 level
(2-tailed).
researcher tested the null hypothesis that stated
that H03: There is no significant correlation between
stakeholder dynamics and stakeholder satisfaction,
and the alternative hypothesis that stated that H3:
Stakeholder dynamics is correlated with stakeholder
satisfaction. The analysis resulted in a p-value =
.000.
Hypothesis - 4
H4: Stakeholder engagement is correlated with
project management success.
H04: There is no significant correlation between
stakeholder engagement and project management
success.
The findings revealed that there is a strong
positive correlation (r = .766) between Stakeholder
Engagement and Stakeholders’ satisfaction, as
shown in Table 6. Moreover, the study tested
the null hypothesis that stated that H04: There is
no significant correlation between stakeholder
engagement and stakeholder satisfaction and
the alternative hypothesis that stated that H4:
Stakeholder engagement is correlated with
stakeholder satisfaction. The analysis resulted
to a p-value = .000, which was smaller than the
significant level of 0.01 (p < 0.01).
In the present study, the partial least square (PLS)
SEM method has been used. Originally developed
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Table 6. Correlation Between Stakeholder Engagement
(SE) and Stakeholder Satisfaction (SS)

Pearson Correlation

SE

SS

1

.766**

SE Sig. (2-tailed)
N
Pearson Correlation

SS Sig. (2-tailed)
N

.000

184
.766**
.000
184

184
1
184

** Correlation is significant at the 0.01 level
(2-tailed).

7.4

The PLS approach is suitable for the researcher’s
prediction-oriented objective, does not require
normal data distribution and accommodates
small sample sizes (Hair et al. 2011). The data
from this study have similar characteristics, and
hence PLS-SEM has been used for predicting
and identifying relationships between different
constructs.

Initial Path Model (SmartPLS)

The quality of the measurement model was tested by
assessing the individual item and scale reliability.
PLS algorithm was applied and the resultant
relationships, coefficients and values of loading are
reported in Figure 8.
7.5.

Evaluation of the Measurement Models

As per Hair et al. (2011), the reflective measurement
models can be evaluated by measuring internal
consistency (composite reliability), indicator
reliability, convergent validity (average variance
extracted) and discriminant validity.
7.5.1

by Wold (1974), PLS is an SEM technique based on
an iterative approach that maximizes the explained
variance of endogenous constructs.
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Internal Consistency Reliability

The first criterion to be evaluated is, typically,
internal consistency reliability. The traditional
criterion for internal consistency is Cronbach's
alpha, which provides an estimate of their liability
based on the inter-correlations of the observed
indicator variables.
As depicted in Table 7, Cronbach’s alpha for all
constructs is above .75, and thus it may be concluded
that the scale items are reliable for measuring the
constructs.

Fig. 8. Proposed sCritical Success Factors in Project Management - Part 1.
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Fig. 9. Proposed sCritical Success Factors in Project Management - Part 2.

7.5.2 Outer Model Measurement Loadings and
Weights
"Measurement loadings are the standardized path
weights connecting the factors to the indicator
variables. As data are standardized automatically
in SmartPLS, the loadings vary from 0 to 1.
Loadings should be significant. In general, the
larger the loadings, the stronger and more reliable
the measurement model. Indicator reliability may
be interpreted as the square of the measurement
loading:
Thus, .7082 = .50 reliability. Another rule of thumb
is that an indicator with a measurement loading in
the .40 to .70 range should be dropped if dropping
it improves composite reliability" (Hair et al. 2011).
7.5.3

R-Squared

As shown in Table 7, R2 for Project Success = .724,
which means 72.4% of the variation in the project
success is explained by the model. The influence
on the project success by the model is considered
substaintial according to the interpretation by Chin
(1998).
7.5.4

Average Variance Extracted

The AVE of the study revealed values of more than
0.5 for the constructs as follows; Project Success
(.623); Stakeholder Analysis (.648); Stakeholder
Dynamics (.607), Stakeholder Engagement (.648);
Stakeholder Identification (.708); and Stakeholder
Satisfaction (.624).
Table 7 clearly shows that all the variables used
in this research were reliable since they obtained
composite reliability and Cronbach’s alpha values
of greater than 0.7. All values fall within the
acceptable range to conclude good reliability.
8.0

FINDINGS

8.1
Adoption of Project Management
Framework by Rainfall Enhancement
Practitioners
As per the findings of the research, it has been
seen that there is a lack of work done in the area
of rainfall enhancement projects, and thus there is
no comprehensive framework that can be used as
a guiding approach towards effectively managing
the stakeholders, making rainfall enhancement
projects a success and ensuring the satisfaction of
the stakeholders. Hence, it is recommended that
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Table 7. Summary of PLS Quality (AVE, R Square, Composite Reliability and Cronbach’s Alpha)

Constructs

AVE

Composite
Reliability

R Square

Cronbach’s Alpha

0.724

.879

Project Success

.623

.908

Stakeholder Analysis

.648

.943

.932

Stakeholder Dynamics
Stakeholder Engagement

.607
.648

.832
.861

.871
.812

Stakeholder Identification

.708

.924

.897

Stakeholder Satisfaction

.624

.823

the project management framework that has been
proposed and tested in the present study is used
by the practitioners to ensure project management
success and stakeholder satisfaction in rainfall
enhancement projects.
Apart from the adoption of the project management
framework, practitioners should focus on the
following to achieve project management success
and enhanced stakeholder satisfaction:
•

Studies done on project management in
rainfall enhancement projects should be
studied, and key learning must be considered
during the execution of the project.

•

Involvement of stakeholders during the
planning and execution stages is certainly
going to enhance a state of “belonging”
amongst stakeholders, as well as ensure
project success.

8.2
Adoption of Project Management
Framework by Rainfall Enhancement
Researchers
Researchers working in the area of rainfall
enhancement projects can further test the project
management framework in different settings
and environments to check its generalizability

0.655

.732

and appropriateness. Researchers can test other
variables affecting project management success and
stakeholder satisfaction in rainfall enhancement
projects, and thereby further develop the framework.
8.3

Assumptions of the Study

This study has been conducted to understand
stakeholder management in Oman’s rainfall
enhancement project. The following assumptions
were acknowledged for the research:
1. The participants of the research will
answer the survey questions honestly
and fairly, reflecting their true perception
about the area under study.
2. The inclusion criteria chosen in the research
work for the sample are appropriate, and
therefore, it is assumed that the participants
of the study have experienced the same
or similar phenomenon of the study.
3. All types of concerned stakeholders in the
rainfall enhancement project have been
identified appropriately for the study.
4. The sample selected for the study
represents the population, and findings
can be generalized for the entire
population with minimum error.
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5. Participants have a sincere interest
in participating in the research and
do not have any hidden motives in
being a participant in the study.
6. There is variability in the variables
of the research work, and therefore,
relationships can be established between
two or more variables of the study.
8.4

Limitations of the Study

This study has contributed to scholarship in the
area of project management, but there are several
limitations of this study that should be kept in mind
when interpreting the findings. These limitations,
however, present a number of future research
opportunities, which are discussed in the next
section.
Although this study found significant relationships
between the constructs in the research model, it was
observed that the levels of variance explained are
relatively modest, and hence it is suggested that the
findings of this study should be interpreted with
caution. Moreover, as these findings are confined
to Oman's rainfall enhancement project, the effects
of extraneous variables based on industry or
cross-cultural differences may limit its potential
generalizability to other projects, both within
Oman and other countries. Consequently, the scope
of this study was circumscribed by resources and
time constraints, as is often the case with doctoral
studies. Hence, to determine the generalizability
of the model and identify the boundary conditions,
the model should be tested in a range of project
environments. It is also suggested that further
empirical investigations be undertaken to establish
whether the constructs in the proposed model vary
across countries and project types. Moreover, the
project is still in its primitive stage, and the present
study may not reflect the stakeholder management
in a mature rainfall enhancement project.
In order to apply the model to extended project
management settings or a cross-cultural context,
there is a need for further customization of the
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measurement scales used in this model. However,
despite this caveat, the study findings could be
generalized to projects that share some common
characteristics with regard to the nature of project
management.
8.5

Directions of Study

The preceding limitations of the study present a
number of future study opportunities that deserve
mention. A general direction for future study would
be a constructive replication of this study with
data collected from other projects. This suggestion
is intended to encourage the study to evaluate
the generalizability of the present study model.
Moreover, it is possible that several other variables
(for example, project characteristics, government
support, etc.) may moderate the relationships
proposed in the study model. Investigation of
various moderating variables in the study model
could be done by exploring a multitude of contexts
and thus obtaining considerate variability across
such variables.
9.0

CONCLUSION

This section summarizes the findings of the study as
per the defined objectives. It also details directions
for future study and the limitations of the study.
All three study objectives of the research have
been attained. Stakeholder identification has
been conducted adequately for Oman’s rainfall
enhancement project. All stakeholders have been
identified, along with their roles and interests. Thirty
critical success factors were identified for the study
from the examination of the extant literature in the
field of project management, and the factors were
subsequently grouped into five different constructs.
The study established relationships between
different constructs of the study. It was concluded
that identifying and understanding stakeholders’
areas of interest, identifying and listing the project
stakeholders, ensuring flexible project organization,
and formulating the project mission will strongly
influence project management success. It was also
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concluded that determining and assessing the power,
urgency, proximity, and legitimacy of stakeholders,
along with predicting and mapping their behavior,
will lead to a better understanding of stakeholders
in Oman’s rainfall enhancement project, and in
turn, will strongly influence project management
success. The study established that resolving
conflicts, managing the changes in stakeholders’
interests, managing the change in stakeholders’
attributes, and predicting stakeholders’ likely
reaction patterns will strongly influence project
management success. A relationship was established
among involving relevant stakeholders at the
inception stage; formulating appropriate strategies
to manage/engage different stakeholders; keeping
and promoting positive relationships among the
stakeholders; communicating with stakeholders
properly and frequently, and considering corporate
social responsibilities and project management
success. The satisfaction level of stakeholders in
the project has also been measured.
Proper stakeholder engagement is key to Oman
Rainfall Enhancement Project success, and
stakeholders’ involvement is vital in project
management. This will entail the formulation of
appropriate strategies for stakeholder engagement,
keeping and promoting constructive relationships
amid the stakeholders.
The majority of Oman Rainfall Enhancement
stakeholders are farmers with (27%). Since farmers
are expected to be the main beneficiaries of the
project, they must be involved in the decisionmaking process. Their understanding of the
agricultural sector will be essential in determining
how much rain will be needed for the expected
yield. These are stakeholders who have a vested
interest in the success of the project.
The second group of stakeholders in Oman's
Rainfall Enhancement Project are the Ministry of
Wealth Agricultural, Fisheries and water resource,
Oman Agriculture Society, Public Authority for
Electricity and Water, and Oman Water Society
with 22.9%. They are defined as Demanding
Stakeholders. These are stakeholders who have a
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vested interest in the success of the project. They
may have contributed capital for the project, and
are therefore held responsible for meeting the
goals of the project. They are most interested in the
success of the project and in the direct impact that
such success will have on their own roles and tasks.
Contractors, Suppliers, Project engineers, Project
managers are defined as the dominant stakeholders at
17.7%. Dominant stakeholders who have legitimacy
within a project. They have the power, therefore,
to make decisions regarding the operations, goals,
and performance of the project. Project managers
should engage with stakeholders to determine their
requirements. Project managers should discover
the needs of their users and can thus achieve higher
competitiveness. It is essential for project managers
to identify and comprehend the varied needs and
expectations of different stakeholders.
Financial institutions and audit agencies are
considered as dangerous stakeholders in the
present study at 8.4%. Some who have strong and
compelling demands will use coercion and even
violence to get their way.
Stakeholders such as universities and Directorate
General of Meteorology at 15.6 % as the Definitive
stakeholders. These stakeholders are expecting to
receive the lacking characteristic. There are often
powerful stakeholders with an urgent concern or
dependent groups with strong legal support that
want a meeting.
Finally, dependent stakeholders such as the
Ministry of Health at 3.1%, Ministry of Housing
at 2.2%, Ministry of Tourism at 1.9%, Ministry of
Economy at 1.2%. Dependent Stakeholders Due to
lack of power, stakeholders who depend on others
to carry out their wishes must rely on others. As a
result of dominant stakeholders advocating for their
interests, they can become definitive stakeholders.
The study also highlighted theoretical contributions,
limitations of the study, and directions for future
study.
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