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Abstract

During the last years, more and more business use projectised organisation as an
organisation structure to tackle complex problems needed for the implementation of
their strategic objectives. A significant number of these projects were/ardesiged or

even failed to meetheir initial requirements in terms of cost, time and quality. This
phenomenon is more intense in software projects due their special characteristics
sourcing from the dynamic and continuous changing environment they openat¢he
nature of the software itself. Most of these failures were attributed to complexity that
exists in various forms and levels at all projects. Many studies attempted to identify the
sources of project complexity and define an appropriate complexipolygy for
capturing it. However, most of these studies are theoretical and only a limited number
is proposing models capable to evaluate or measure project complexity. This research,
acknowledges the endogenous character of complexity in projects bugadsaf trying

to identify complexity dimensions of this complexity in projects, focuses on the
complexity in the interfaces between project processes, project management processes
and project managers, which consists of the critical point for successajeqgbr
execution. The proposed framework can be used in order to highlight the most
significant complexity areas either organisation specific or project specific, providing in
that way the necessary awareness for better, efficient and effective project
manggement. The approach followed in framework design, identifies the variation of
perception of complexity between different organisations. Allow organisations to
evaluate complexity of projects and provide them with an important information that
will assistLINE 2S00 aSt SOGA2y LINRPOS&aad LRSYGATFAS
and experience and generally the matufdgpabilities of an organisation in
management in order to handle complexity, as this was revealed through the findings of
this researchFurthermore, considers complexity as variable that can be measured and
propose a model for it. To implement this framework, an extended literature review was
initially performed, for identifying the complexity factors sourcing from project
management aspas. Subsequently, statistical methods for processing and refining the
identified factors were used, resulting to the final set of measures used in the
framework. Finally, the proposed model was validated through the appliance of case

study methodology.
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1. Introduction

1.1. Introduction to the subject

Projects are used by organisations as a means to enhance their competiveness,
increase their presence in the market, provide new services and fulfil the expectations
of their clients and stakeholders (Shenhar, 2004). Howes@mneprojects, due to their
temporary and unique nature, have a number of characteristics that can endanger their
success. A number of studies attempted to define project success and concluded that
project success is dependent on two factors: the accomplishment of a successful project
product, and the successful execution of a project management process. (Sudhakar,
2012; Prabhakar, 2008; Baccarinni, 1999). A successful product is one which fulfils all its
initially definedfeatures and functions while a successful project managemertgss
is the execution of a project within a determined scope, budget, schedule and quality.

Thus, the study of project failure sources should enable both factors.

As far as software projects, as IT technology evolves and becomes part of every aspect
of our everyday life, the demand for better software is a necessity. This leads to bigger
and more complex software systems in terms of development, maintenance,
functionality (Janczarek and Sosnowski, 2015) and in terms of innovation and size (Alves
et al., 216). Software projects are considered as the most complex ones and their
outcome in various cases, is limited, since they fail to fulfil or to complete the initial
requirements setSeveraktudiescorroborate that belief (Standish Groug015; 2009;

1995 Charette, 2005). The Standish Group have published, every year since 1995, the
CHAOS Report which initially included a snapshot of the state of the software
development projects in United States, but nowadays it examines more than 50.000
projects, of vaious sizes, all over the world. Their results reveal the great challenges
the software development industry has dealt with through time. According to the
CHAQOS report (Standish Group, 19%&) United Statesare spendingnore than $250

billion each yeaon IT application development of approximately 175,000 projects. A
great number of these projects will fail to fulfil their initial targets. For example, 31.3%
of them will be cancelled before their completion, while 52.7% of projects will cost 189%
of their original estimates. On the hand, only 16.2% of software projects are considered

successful, meaning that they are completed-tone and onbudget. In terms of



functionality the situation is worse as projects completed by the largest American
companieshave only 42% of their initially planned features and functions. The main
problem with this situation is that it remained almost the same during the last year. The

following Table 1 represents projects outcome during the last few years.

Tablel Projects outcomeChaos report 2015 (InfoQ 2015)

\ 27% 31% 28% 29%
Challenged 49% 56% 50% 55% 52%
\ 22% 17% 19% 17% 19%

/| K NBGGST Ay KAA alddzReé Yyl YSR idedtife8 a 8 2 F i
number of factors that affect the success of software projects. In a more detailed
approach the CHAQOS report identified the most common factors that can lead to project

success, challenge and failure. These factors are presented in Tabta2 bel

Table2 identified factors causing project failure, challenge and success

Chaos report study

Why software fails study

Project
challenges
factors

Incomplete

Lack of User

User

Unrealistic or unarticulated

Requirements Input Involvement project goals
Incomplete Executive .
Lack of User .p Inaccurate estimates of
Requirements / Management
Involvement . needed resources
Specifications Support
Changin Clear .
Lack of g d Badly defined system
Requirements / Statement of :
Resources . . requirements
Specifications Requirements
. Lack of .
Unrealistic Executive Proper Poor reporting of the
Expectations Planning project's status
Support
Lack of -
. Technology Realistic .
Executive . Unmanaged risks
Incompetence Expectations
Support
Changin . Poor communication amon
.g g Lack of Smaller Project g
Requirements / . customers, developers, and
e Resources Milestones
Specifications users
Lack of Unrealistic Competent .
. . Use of immature technology
Planning Expectations Staff



Chaos report study Why software fails study

Project
challenges
factors
Didn't Need It Unclear . Inability to handle the
L Ownership . .
Any Longer Objectives project's complexity
Lack of IT Unrealistic Time Clear Vision & Sloppy development
Management Frames Objectives practices
Technology New HardWorking, Poor project management
llliteracy Technology Focused Staff

Other Other Other Other

The CHAOQOS report indicated that among the main factors affecting project failure,
challenge or success, are factors which are related to project management issues. A
most careful analysis of the results, also indicate that many of these issues arise at the
early stages of project design, for example during the project scope definition and the
requirements elicitation stage, which is also supported by other researchers too (Laporti
et al, 2009; Molina and Toval, 2009). This implies that the basis for assfigicproject
is set at the initial steps of project design and goes through successful and efficient
project management. However, despite the progress of project management practices
a project will still fail, withmost of these failures to be attributetb the complexity of
projects. Project complexity leads to project failure because either complexity is very
high (Willians, 20052002), or project complexity has been underestimated (Neleman,
2006).

Complexity can exist in both aspects of project sugcas it was defined earlier. A
significant number of studies has been undertaken in recent years in order to
understand, define and determine the concept of project complexity (Qazi et al., 2016;
Chapman, 2016; Bakhshi et al., 2016; Nguyen et al., 201&t &l., 2014 Vidal et al.,
2011; BosctRrekveldt et al.,, 2011; Dombkins and Dombkins, 2008; Geraldi and
Adlbrecht, 2007; Hass, 2007; Maylor et al., 2008; Vidal and Marle, 2Di&ms, 2002).
They proposed various approaches in defining project conitglard determining areas
that are sources of complexity. Some of these studies are theoretical while others
attempt to identify characteristics of complexity that are measurable and in that way to
define complexity models that allow the assessment of grbomplexity in order to

increase the chances of project success. However, the number of different approaches



reveals the general lack of consensus on what project complexity is, and create a
confusion about the approach which should be followed in ortee be managed

effectively.

Summarising the above, firstly, a number of different typologies for defining project
complexity has been proposed, resulting in confusion about project complexity sources,
with limited contribution to practical assessment pfoject complexity. Secondly,
software development projects are highly complex projects that are prone to failure or
challenge and finally, among the main factors affecting project success, challenge or
failure, are identified factors that are related aarcbe handled through effective project
management. According to this view, project complexity should be investigated through
the prism of project management and the focus for complexity source identification

should be placed on project management areas.

The above conclusions form the basis for this research. The research problem, aims

and objectives are discussed in the following sections.

1.2. Researctproblem

As the previous section highlights, project complexity is difficulirnderstand and
measure, degite the variety of approaches which have been proposed over time.
Software development projects have a significant ratio of failure and/or challenge that
in combination, can reach the amount of 70% of total software projects undertaken
(Standish Group2015). To deal with this situation, it is believed that a better
understanding of complexity in projects and an effective measurement of it, are factors
that will assist in successful project managemg@ataci, et al., 2010)As that, in order
to assist project managers to understand and measure project complexity this research
investigates complexitgf software development projects within the aspects of project
management taking into consideration the special charactesstaf software

development process.

1.3. Researchaims and Objectives

The aim of this investigation is to define the concept of complexity in software

projects from the perspective of project management process and to develop a model
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that will allow theassessrant of software project complexity at the early stages of the

project.

The objectives of the research are:

vi.

Vii.

To conduct a literature review on PM complexity in order to understand the

concept of complexity, especially relation tosoftware projects.
Topresent current studieand typologies oprojectcomplexity determine their
deficienciesand commonalitieandfinally to propose a typology of complexity

that differentiate this approach.

To investigate sources of complexity in the context of project management and

technical aspects of software project development process.

To determine a set of measuresmeasuring the complexity of software projects

To define an empirical model basemh the complexity measures tuned to

address software project management aspects.

To utilise the developed model to calculate the complexity of selected software

projects.

To validate the developed model by applying istveral sftware projects and

evaluate the results.

To designand implementa software tool thatwill be used for the assessment of

projectcomplexity

1.4. Research questions

The main question of this researchd&/hich complexity framework can efficiently

and effectively describe antheasure complexity of software development projecés?



As the answer to this question is not straightforward, it should be decomposed into
a set of sukguestions, the answer of which will lead to the answer of the main question.
Initially, the definitions ad various typologies of complexity provided in the literature
should be examined. As next step, the existence of models aiming in measuring
complexity and their characteristics should be examined. Subsequently, the sources and
factors of complexity shoulde investigated under the prism of this research approach.
Finally, the existence of quantitative, if possible, measures and the possibility of
formatting a complexityassessmentmodel should be investigatedlhe following

questions whiclshould be answesd during thesgrocesses are the following:

I.  What is the notion of complexity in projects?
ii. How are complexity typologies defined in the literature?
iii.  Which are the models proposed in the literature msessgcomplexity?
iv. How can complexity interferaithin project management aspects?
v. Which is the optimum set of factors required determine complexity in
software projects?
vi.  How can complexity in software projects be measured?

Subquestions (i), (i), (iii) and (iv) will be answered through an exterssidecritical
literature review. Sulgquestions (v) and (vi) will be answered through the performance
of surveys among project managers or other domain experts that have a substantial
experience in managing software development projects. If required, apm@te
statistical methods will be applied to optimise survey results and verify their validity.
Furthermore, subguestions (i), (ii) and (iii) will be discussed in Chapter 2gswstion
(iv) will be discussed in Chapter 3 and suiestions (v) and (viyill be discussed in
Chapters 4, 5 and 6.

1.5. Research Design

The research strategy is presented in detail in Chapter 4. In this section, its basic steps

are briefly outlined.

The first step in this research is to conduct a critical literature review ojegro
complexityto determine the aspects of complexity in project management process and
in software project development. The next step is to identify through literature the

complexity factors that affect software project development from the perspective o
6



project management and technical software development aspects. It is expected that
the sources of complexity will be many (Fitsilis et al, 2010) and that it will be necessary
to reduce the number of them to a number that allows software project complewi

be measured in a consistent and reliable way.

A survey is performed, by an electronically distributed questionnaire to a group of
project management domain expert$he collected data is analysed with the use of
statistical methods, in order to endp with a limited number of complexity sources

called measures.

The next step is to determine the relative contribution of each measure to the total
project complexity andn order to achieve this, expert judgment techniques are used.
In this context,a cond survey is performed in the form of angarson distributed
guestionnaire to a small group of experts. The gathered data is analysed with the use of
a multicriteria decisiormaking method, resulting in weights assignment to the

identified measures.

Finally, the model is formed and it is validated by applying it to a pilot set of selected
projectsand theircomplexity is calculated. The results are evaluated by comparing the
level of complexity calculated by the model, with the empirical level of complexity

perceived by project managers. The comparison results are then evaluated for model

Extensive Literature review in order:

Identify an initial set of software project

Determine complexity typology complexity factors

Identified complexity factors number reduction by:

Performing a 1 survey Using statistical methods

A 4

Weightening the final set of complexity factors by:

Performing a & survey Using multicriteria prioritization methods

A 4

Formation of complexity assessment model and validation by:

Comparing model results with the empirical
level of percieved complexity

Performing five case studies
Final version of complexity assessment model

Figurel Research design
7



endorsement or adjstment and reiteration, if needed, according to the findingshe

design of the research is outlined at Figure 1.

1.6. Thesis structure

The thesis is organised sevenchapters as described below

Chapter 1¢ Introduction: This chapter presentbe research overview, aims, objectives
and questions. It also outlines the basic steps of research methodology and thesis

structure.

Chapter ¢ Literature review (part I)This chapter presents the literature review within

the concept of complexity. Theotion and characteristics of complexity are discussed

and the various complexity typologies which have been proposed the previous years,
are briefly presented. Furthermore, it presents the2 dzNJO S & 2dmpléxdy®&@IS O i & |

the existing approaches tassessit.

Chapter 3¢ Literature review (part Il):This chapter presents an overview of project
management frameworks and the selection of the appropriate project management
framework for this research is discussed. Next, the literature review in the sdlecte
project management framework areas is presented as well as the identification of
complexity sources in these areas. The literature review conducted in order to identify

the technically related software development complexity factors is also presented.

Chapter 4¢ Research Approach, Design and Methodolo@whis chapter presents in
detail the research philosophy, approach and design. The research methodology
followed is also presented and the justification and applications of the selected methods

are disessed.

Chapter 5¢ Research resultsThis chapter presents the results obtained from the
application of the methodology described in Chapter 4. More specifically, the results of
the first and the second survegre presented and the subsequent statistiGatalysis

performed in order to end up with the final set of software projects complexity factors.

8



Chapter 6¢ Project management complexity frameworkThis chapter presents the
complexity model definition philosophy and algorithm. Model validation and
subsequent case studies are presented and discussed. The basic aspects of a software
tool that implement the complexity model are described, téonally, an overview of

research findingss presented

Chapter 7¢ Conclusions Implicationsand RecommendationsThis chapter presents
and discusses the outcomes of this research through the prism of case study results.
Implications for business and academia are also discussed and implications for future

research are presented.

1.7. Summary
In this chapter, our motivation for thiswork and the problemstatement was
presented Next the research aims, objectives and research design and struceuse w

given

In the next chapterthe literature reviewcovering the following pointghe concept
of projectcomplexity the various proposeg@rojectcomplexity typologieg general and
in software projects in particularthe approaches to complexity evaluation and

measurement and a discussiohtbem are presented.



2. Literature review (Part 1> Notion of complexity and

current typologies

2.1. Project complexity

2.1.1.Introduction

This sectioninitially presents the notion of project complexityNext several
complexity typologies, stemming from various studies of project complexity during the
last years are discussed=mphasis is given tdeir perspectiveof project complexity

examinationas well as theicommonalitiesanddifferences.

2.1.2. Notion of complexity

Complexity is part of our environment and appears in different domains. Complex
systems exist in many scientific fields and different definitions of complexity have been
given for each domain. This implies that the tecomplexityis defined differently in
computational theory, in information theory, in business, in software engineering etc.
and at times different definitions of complexity exist within the same domain (Morel and

Ramanujam, 1999).

Very often people have difficulties in distinguishing betweke term complex and
complicated, considering them as synonyms. (Geraldi et al.,)281droject, even large
in scale, that is sefontained, weHldefined, with clear and structured steps to solution
can be complicated but not complex. For example, the wiring of a skyscraper can be
complicated but not complex since it follows a clear nogetblogy, specific design and
structured steps during its implementation. On the other hand, the definitiothef
term complex should at least contain interaction, structural and dynamic elements
(Whitty and Maylor, 2009). A project, at every size thahighly dependent on its
environment (e.g. political, economic, legal etc.) with stakeholders having conflicting
interests or stakeholders that demanding continuous changes in requirements,
strategies and decisions can be considered complex (Chapman, Fot@xample, a

project concerning the construction of a business centre caadmnplex project, since
10



it hasseveralparameters that cannot be completely understood and predicted, such as
project environment interactions, differences between internaldaexternal project
stakeholders etc.

¢tKS RAAGAYOGAZ2Y 0SG6SSy (GKS GSNxya aoO2vYl
important to be completely understood in order to move on to the study of project
complexity and its sources. In projects, the sourcesoofplexity vary and are more
than one,including anbiguity in requirements, lack of scope clarity, communication
barriers etc., resulting in different levels and types of complexity for each project
(Remington et al., 2009). According to the AssociatmrProject Management (APM)
(https://www.apm.org.uk) the complexity in a project stems from the interactions
between organisations forming project organisation, the interaction of various units
within the same organization, the requirement for coordinatlmetween various project
elements and the use of wide range project management tools, methods and techniques

(APM, 2008).

Parwani (2002p.10 &Gl 0 SR GKIF G &/ 2YLX SEAGE NBTSNI
of which there is no uniformly accepted definitianS Ol dzAa Sz ¢Sttt > (KSe@
Schlidwein and Ison, (2004) state that there are two major approaches to complexity.
The first one is called descriptive complexity and describes complexity as a property of
a system. The second approach is called peeceoomplexity and it is described as the
subjective complexity that someone experiences through the interaction with the
system. Hagan et al., (2011) and Baccarinni, (1996) state that considering complexity as
a subjective issue that can change accordingthie observer,mplies difficulty in
understanding and dealing with a problem or situation and for that reason it is not a

reliable basis for further research analysis.

On the other hand, a number of researchers argue that the perception of complexity
isdependent on the cognitive level (knowledge, experience, backgroundopalit/) of
the people involvedJakhar and Rajnish, 201/Kemington et al., 2009; Fioretti and
Visser, 2004). According to them it is possible for some people to identify conyglexit
a system, for some other to identify complexity but have different understanding of it
and for some other to be unaware of its existence. Another characteristic of complexity
GKFG aK2dzZ R 0S O2YyaARSNBR Aa GKI dhange 20 2
over time. This change may be due to experience and/or knowledge that is gained over

11



time, making a project that was initially perceived as complex, to look less complex if

performed repeatedly or followed by more ambitious projects (Chapman, 2016)

2.1.3. Complexity typologies

Baccarini, (1996) states that complexity is a project characteristic that determines the
managerial actions which should be made in order to have a successful project
completion. The appropriate management of complexity on prgést critical issue to
their success. Davidson, (20224 & il 6Sa GKFI G at Ne2SO0G aly
I YIylF3SYSyld Sy@ANRYYSyld 2F OHWoweer they R O
relationship between complexity and project management practiceilidair (Kiridena
and Sense, 2016; Geraldi et al., 20 HE)rthermore, #hough a significant number of
researches are studyingcomplexity in projects (Bakhshi et al., 2015), there is still no
consensus on defining project complexitgsulting in a variety of approaches and
definitions of it(Nguyen et al., 2015; Ireland, 201SedaghaiSeresht, 2012; Vidal and
Marle, 2008;Standish Group, 2009;1995).

One of the first definitions of complexity exiss hEF2NR ! Rl yOSR
Dictionary (Hornby and Wehmeier, 1995), which defines complexity as an entity that
consists of many interrelated parts and elements such as tasks components and

interdependencies.

Turner and Cochrane (1993) state that complex projects can be judged against two
criteria: how well defined theiigoals are, and how well defined theidevelopment

methodsare.

Baccarini, (1996) was one of the first researchers that dealt systematically with the
02y OSLIi 2F O2YLX SEAGEed | S O2yahrrRCmMEByR 02 )
G NASR YR AYUSNNBtFGSR LI NIaég FyR 2LISNI
GKS ydzYoSNI 2F QO NASR StSYSyida o6Soaod (2
meaning the degree of interrelatedness between these elements. He describes four
types of complexity aprganizational complexity by differentiation, b) organisational
complexity by interdependency, c) technological complexity by differentiation and d)

technological complexity by interdependency

12



Williams, (1999) extending the work of Baccarini, Turner and Cochrane added the
dimensions ofuncertainty in projectsand the multi-objectivity and multiplicity of
stakeholdersThe definition of project complexigccording to Williams should contain
the structural complexity sourcing from the number and interdependence of elements

and the uncertainty sourcing from uncertainty in goals and methasiseen in Figure 2

Number of

elements
Structural
complexi
plexity Interdependency
of elements
Uncertainty in
goals
Uncertainty
Unxcertainty in
methods

Figure2 Dimensions of complexity (Williams, 1999)

Project
complexity

Tatikonda and Rosenthal, (2008gntified three complexity parameters in projects,
a) the degree of interdependence between and among the product and process
technologies to be developed, b) the newness of a project's objectives regarding the
development organization and c) the difficulty of projetjectives. Considering these
parameters through the prism of task uncertainty, they identified three complexity
dimensions:ithe interdependence of task units, the novelty of task objectives and the

level of task performance required

Ribbers and Schoo, (2002) in their research for complex software implementation
programs, examined complexity through the prism of implementation complexity and
identified three complexity dimensionsariety, variability and integrationVariety is
defined as the different states a system can take. Variability of a system is defined as the
dynamics of its elements and the interrelations between them. Finally, integration is
referred to as the planned changes during the implementation program including IT

systems and business processes.

A different approach to project management complexity was taken by Jaafari (2003)
who studied how project management is affected by the complexity stemming from
a20AS0ex ARSYGATFTeAy3d T2 dzNdsfOolikiwsBih QI NKE & G & O
referred to instability and continuous changes in an environment of interconnections
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and interrelationshipsg / K | réfé@réd to the uncertainty that prevents long term
planning and control:a { @ NA | y A fleferfed t8 § tindency for sekbrganization
oLaSR 2y |y | OG2NRa O2&LIGuSNRS seyer/&y O-SxEA
various interdependencies that make it difficult to predict future behaviour on the basis

of past experience.

Xia and Lee, (2005) focused on cdexiy in Information System Development
Projects (ISDP) and described two types of complexity: a) organizational complexity and
b) technological complexity under two dimensions, the structural dimension and the
dynamic dimensiolfsee Figure 3)As a rest they end up with defining four complexity

components:

9 Structural Organizationatomplexity referred to relationships between project
elements in the organizational environment such as project resources, project

staffing, personnel skills etc.

1 StructuralIT complexity referred to the relationships between the IT elements

such as data nature, technology being used, software environment etc.

1 Dynamic Organizationakcomplexity referred to the changes in the IDSP
organizational environment such as changesirsiness process, organization
structure etc.

f DynamiclO2 YL SEAGE& NBFSNNBR (G2 OKIFIy3asSa Ay
infrastructure, development tools etc.

They also proposed an ISDP complexity model in order to measure complexity in IS

development projects.

Organizational Structural Dynamic
Organizational Organizational

Vs

Structural IT Dynamic IT

Technological : .
Complexity Complexity

[ Structural VS Dynamic }

Figure3 Taxonomy of IDSP complexity (Xia and Lee, 2004)

Cicmil and Marshall, (2005) approached complexity by evaluating ambiguity,
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equivocality and paradox of control in projects under the dimensions of time, space and
power of the organizational processes in project settings. They identified three
components of project complexity: &ux change radical unpredictability, b) Complex
processes of social interaction and c) Persisting ambiguity and equivocality of

performance criteria, contradictory and conflicting understanding of project success

Geraldi and Adlbrecht, (200@nd Geraldi (2008) based on two widely proposed in
literature dimensions of complexity, the structural complexity and uncertainty defined

three types of complexity:

1 Complexity of faithCoFaith) referred to the complexity of creating something

new, solving new problems or dealing with high uncertainty.

1 Complexiy of Fact(CoFact) referred to the complexity in dealing with a large
amount of interdependent information under time pressure and necessity for

immediate decisions.

1 Complexity of InteractiofColnt) referred to the complexity in interfaces between
locations (people, organizations) such as politics, ambiguity etc. and affects both

previous subgroups.

Maylor et al., (2008) focused on perceived managerial complexity and examined it
under structural and dynamic elements. They identified five aspects of exitypblnd
defined a complexity model that is based dyission, Organisation, Delivery,

Stakeholderand Team(MODeST) dimensiors displayed in Figure 4

ManagerialComplexity
MODeST dimensions

Delivery Stakeholders Team
Stakeholder Proj ect Staff
attributes

Project
manager

Organization

Mission

Time and Process

space

Objectives

Scale Resources

Organizational
setting

Inter-
stakeholder
relationships

Uncertainty

] Group
Constraints

Figure4 MODeST dimensions of complexity (Maylor et al. ,2008)



Remington et al., (2009) studied the perceived complexity in projects from the
perspective of either severity that referred to factors which exacerbate the complexity
or dimensions that referred to factors which characterise the nature of complexity or
both. They identified seven key themes and instances that contribute to perceived

complexity namely3 2 t &> aidl 1 SK2ft RSNRa&A AYyUSNFI OSa

management processes, work practices and time

Hertogh and Westervelde, (2010) investigated tiedation between management
and complexity. They identified two types of complexity, the detailed complexity and
the dynamic complexity. They also identified a number of complexity factors that
evaluate the two complexity types from six dimensions, nantelhnical, social,

financial, legal, organisational and temporal.

Vidal et al.,, (2011)studied project complexity under the organizational and
technological dimensions and identified four aspects for studying project complexity:
project size, project vaaty, project interdependence and project contewth their
corresponding complexity factors. They also proposed a framework and a model for
accessing project complexity based on Analytic Hierarchy Process (AHP) and on a set of

complexity measures that oabe seen in Figurg.

Family Organisational Complexity (Org) Technological Complexity (Tech)
Project system size Number of stakeholders
Project system variety Variety of information systems to be combined

Geographic location of the stakeholders (and their mutual disaffection)

Variety of the interests of the stakeholders

Project system interdependencies |Dependencies with the environment Specifications interdependence

Availability of people, material and of any resources due to sharing

Interdependence between sites, departments and companies

Interconnectivity and feedback loop in the task and project networks

Team cooperation and communication

Dependencies between schedules

Interdependence of information systems

Interdependence of objectives

Level of interrelation between phases

Processes interdependence

Project system context-dependence |Cultural configuration and variety Environment complexity (networked environment)

Environment complexity (networked envrionment)
Figure5 Project complexity framework (Vidal et al., 2011)

BoschRekveldt et al., (2011), based on technical, organizational and environmental
elements of complexity, proposed a framework aiming to complexity of large
engineering projects, in which they identify three categories of project complexity

Technical, Q@anizational and Environmentcomplexity (TOE) and fourteen
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subcategories as can be seen in Figure

Technical Organizational Environment

Goals Size

Stakeholders

Scope Resources

Location

IES S Project team

Market contidions
Trust

Experience

Risk

Risk

Risk

Figure6 TOE complexity framework (Bogekkveldt et al., 2011)
Hagan et al., (2011) examined project complexity from a swcbnical system
perspective, based on six complexity dimensions which a@oegss, people, goals,
product, decision making and resource availability, allocation and schedudimg)

identified thirty six complexity factors.

SedaghaSeresht et al.,, (2012)dentified seven dimensions of complexity:
environmental, organizational, objective, stakeholder, task, technokglinformation
systems complexity ¢ KSe& | faz2 dziAf Al SR ideifg thex 59 a !

relationships between project complexity dimensions as displayed in Figure

T
XL
Environment Orgamsation Olyectives Stakeholders Tasks Technology Is

NN S

Figure7 . Impact- relations map for project complexity dimensions (Seda@®esht et al., 2012)

Lu et al.,, (2014) study project complexity from task and organizationTO)
perspective. They identified twenty technical and organisational complexity measures
and used the Project Sim software and the Computational Project Organization and
Process (CPQRodel to propose a measurement model of project complexity based on

hidden workload.
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Dunovic et al., (2014) based on the work of Williams and Hertogh\éestervelde,
proposed a complexity framework that incorporates three sources of project complexity
(structural complexity, uncertainty and constraintnd defined how they intertwine

each other as can be seen in Fig8re

Size: number of

elements r y
A complex manner of
Structural interaction: the total sum is
complexity greater than the sum of the
Dependencies among parts )
elements
Uncertainty of
objectives
Structural conplexity
Uncertainty compounded by
Project complexity uncertainty
- Uncertainty of h
s o methods
Constraints of the
environment
Structural eomplexity |
- Constraints of compoundad by
Constraints TEsOUrces uncertainty increased by
| constraints )
Constraints of

objectives

Figure8 Complexity framework proposed by Dunovic et al., (2014)

Tie and Bolluijt (2014) approa®n project complexity is based on Contextual and
Inherent characteristics of it. They also proposed a complexity measurement meta
framework based on 11 Contextual Factors and 10 Inherent Characteristics, which was

identified as the key insights from etirgy frameworks, concepts and research.

He et al. (2015) while studying the complexity of construction megaprojects in China,
identified 28 complexity measurements attributed to six categories named
technological, organizational, goal, environmentatultural and information

complexities and proposed a model based on fuzzy ANP to measure it

Nguyen et al., (2015) in their research in project complexity related to transportation
LIN22SO0GaX ARSYGATFTASR (GKS & Odzo Scomporent® 2 Y LI
named associopolitical, environmental, organizational, infrastructural, technological
and scope complexityith their corresponding parameters as displayed in FiQuighey

also proposed a complexity measurement model based on fuzzy AHPRdadbdgy.
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— Administrative policies/procedures (C11)
—- Number of applicable laws/regulations (C12)
complexity — Local experience expected from parties (C13)
— Influence of politics (C14)

[ » Local climatic conditions (C21)

4»—- Geological/hydrological conditions (C22)
complexity

“—» Environmental risks (C23)

Sociopolitical

T‘lv:: — Contractual conditions (C31)
g Eny ironmental %._._' Number of contract/work packages (C32)
 Technglogical & SRS > Coordination of stakeholders (C33)
"_ “Infrastructural g — Project planning and scheduling (C34)

—» Site compensation and clearance (C41)
Infrastructural

complexity

— Transportation systems near project site (C42)

—» Qualifications required for contractors (C43)
Tactnolog_iml Variety of technologies employed (C51)
complexity Technological newness of the project (C52)
_‘ Ambiguity of project scope (C61)
complexity Project size in terms of capital (C52)

Figure9 The "cube" of complexity (Nguyen at al., 2015)

Chapman, (2016) considering the dynamic notion of complexity in projects and that
project complexity stems from uncertainty, identified six dimensions of complexity
named finance, context, management, site, task and deliventh their relevant

characterisics and sources.

Qazi et al., (2016) in their research to define a risk management model that utilises
the complexity of a project, identified twelve project complexity elements divided in

three categoriesTechnical, Organisational and Environment

Schuh et al. (2017) in their study of complexity in new product developnpeojects
consider projects as systems and under that prism they proposed a resource cost based
method in order to identify the key complexity drivers of a project. Furthermore, they
proposed a list of 87 complexity drivers divided in four categories naBEmlyromment,

Product, Organisation and Technology & Resources

2.1.4. Discussion

Complexity has received wide attention from practitioners and academics alike. We
have made significant progress in understanding the different aspects of complexity in
projects, programmes, and portfolios. Yet there is still significant work to be done in
bridging complexity concepts and managerial reality.
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The first conclusion which can be drawn from the above is that a significant number
of complexity frameworks have been promusduring the last years, trying to capture
the complexity in project&ind despite the progress have been done there are still a
significant work to be done (Oehmen et al., 2Q15he majority of these studies are
empirical, as they are based on tlopinions of experts or key point project team
members and stakeholders in order to identify factors which affect project complexity.
The sources of information used in these researches, were projects frontrectsn
(Qazi et al., 2016; Hagan et al., 20Xicmil and Marshal, 2005; Turner and Cochrane,
1993) infrastructure (Chapman 2016; Nguyen et al., 2015; Dunovi at al., 2014), large
infrastructure (Vidal et al., 201 Hertogh and Westervelde, 20p®ngineering (Boseh
Rekveldt et al., 2011; Geraldi aAdllbrecht, 2007)new product development (Schuh
et al., 2017)and information systems (Xia and Lee; 2005; Ribbers and Schoo, 2002)
domains. There were also researches that tried to identify project complexity
components that exist in every type of projsdlLu et al., 2014; SedagHsaeresht et al.,
2012; Remington et al., 2009; Tatikonda and Rosenthal, 2000; Williams, 1999; Baccarini,
1996). Although there is no consensus on the definition of complexity among the various
researchers and most of them defirmmmplexity from the perspective of their own
domain or field, there is a general consensus about the project aspects that affect
complexity. Uncertainty is probably the most common factor which is identified as a
main source of complexity, either impligitor explicitly, in the proposed frameworks.
Uncertainty is considered to be the factor that reflects the ambiguity associated with
many project aspects such as data, lack of clarity, lack of structure and unpredictable
behaviour among project stakeholde(Ward and Chapman, 2003). Williams, (1999)
discusses uncertainty in goals related to the requirements elicitation, resource limitation
and task complexity. Also, the uncertainty stemming from means used to carry out the
project, is acknowledged as an ionant dimension of project complexity (Lu et al.,
2014; Xia and Lee, 2005). Williams (1999) states that uncertainty adds to project
structural complexity. Xia and Lee, (20@8)p Baccarini (199&jentify two dimensions
of structural complexity, one reled to organizational issues and the other related to
the technology being used. Organizational and technological factors are next to
uncertainty the most commonly identified complexity factors among the researchers.
The organizational factor is related fwoject staffing, coordination of stakeholders,

contract management project planning and scheduling, organization departments,
20



hierarchy structure etc. and has received great attention by researchers during the
previous years (Nguyen et al., 2015; Lulet2014; Vidal et al., 2011; BosBRekveldt,

2011; Xia and Lee, 2005; Baccarini, 1996). Vidal et al., (2011) suggest that organizational
complexity is the most significant source of project complexity. The technological factor
refers to relationships beteen technology elements, the variety of technology
platforms, technology novelty, newness of project technology, technology changes and
has also attracted attention from other researchers (Nguyen et al., 2015; Lu et al., 2014;
Vidal et al., 2011; BosdRekseldt, 2012 Xia and Lee, 2005, Remington, 2009; Baccarinni,
1996). Two aspects of project technology, which are the newness of technology being
used in projects and the technology immaturity, are identified by PMI (2013) among the

most important factors bthe complexity of projects and their management.

It is worth noticing that despite the number of proposed complexity frameworks the
majority of them are limited to a conceptual approach and do not provide a practical
framework for assessing or measuricgmplexity on projects. Taking a step further Xia
and Lee, (2005), Geraldi and Adlbrecht, (2007), B&saitveldt, (2011) and Lu et al.,
(2014) (Tie and Bolluijt, 2014roposed complexity frameworks that can be used to
assess the complexity of the projdmtit they do not provide a specific methodology on
how to measure it. Attempts to measure complexity wenade by Vidal et al., (2011),
He et al., (2015Nguyen et al., (201%nd Schuh et al., (2017)heyproposed not only
a conceptual complexity framewk, but also models for measuritige level of project
complexity. The firsthree approaches ardased on AHPfuzzy AHRnd fuzzy AP
methodology respectivelyThefourth approach isbased onMonte Carlo simulations,

statistical analysis anda@mplexity calculation method proposed by Schuh et al., (1989)

Summarizing, the above mentioned studies tried to identify theoretical concepts and
practical approaches of project complexity, in order to define and understand it. The
studies of Geraldi ahAdlbrecht, (2007), Xia and Lee (2005), Vidal et al. (2011), Bosch
Rekveldt et al. (2011), Lu et al., (201H4¢, et al., (2015N\guyen et al., (20155chuh et
al., (2017)not only tried to identify project complexity dimensions and aspects, but also
moved one step further and proposed frameworks and models in order to assess project
complexity and provide project managers with a footprint of project complexity, giving
them a better chance to handle complexity and improve project management, thus

enhancig the chance of project succes® comparison between the main
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characteristics of the proposed typologies are displayed in Table

Researchers

Turner and

Cochrane (1993

Baccarini (1996)

Williams (1999)

Tatikonda and
Rosenthal
(2000)

Ribbers and
Schoo (2002)

Jaafari (2003)

Xia and Lee
(2005)

Cicmil and
Marshall(2005)

Geraldi and
Adlbrecht
(2007)

Maylor et al.,
(2008)

Remington et
al., (2009)

Hertogh and
Westervelde,
(2009)

Vidal et al., 2011

Table3 Comparison of characteristics of complexity typologies

Research

domain

Construction

General

General

Product
development

Software
product
development

Project
management

Information
systems
development
process

Construction

Plant
engineering

Management
complexity

General

Infrastructure
projects

Large

Conceptual
definition of
project
complexity
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infrastructure

BoschRekveldt Engineering

et al., (2011) projects X
Hagan et al. :
Construction X
(2011)
Sedaghat
Seresht et al. General X
(2012)
Luetal., (2014) General X X
Dunovic et al., Infrastructure
(2014) projects X
Tie and Large projects
Bolluijt, (2014) < oc P'O) X X
He at conl;?rrl?;ion
(2015) . X X X
projects
Nguyen et al., Transportation
(2015) projects X X X
Chapman, Rail
(2016) megaprojects X
Qazi et al., .
Construction
(2016) Struct X
Schuh et al. New product
X X X

(2017) development

2.2. Complexity in software projects

2.2.1. Software Project Complexity

As computer hardware and software evolved, software developers began to deal
with an increasing complexity of software systems. Complexity relates to both the
software productand the software development process. A number of different
definitions of software complexity were proposed by researchers according to the

domain where they originated from.
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pergective, as the difficulty to analyse, maintain, test, design and modify software.
Along the same lines, Kushwaha and Mishra, (2006) defined software complexity as the
degree of difficulty to understand and verify a system or component. Keshavarz et al.,
2011) stated that although there were different approaches to defining software
O2YLX SEAGEST GKS YlI22NRGe 2F GKSY 6SNB Ay

Software engineers defined software complexity by measuring software code
characteristics such as codee, number of code errors, development cost and time,
number of control paths and counting of occurrences of operators and operands in code.
A number of methodshat are based on previous characteristics were developed, such
as counting Lines of Code @)QPark, 1992), Functions Point Analysis (FPA)(Albrecht,
1979; Gamus and Herron, 2000), Counting Use Case Points (UCP)(Karner, 1993;
Banerjee, 2001), COCOMO Il (Boehm et al, 2000), MacCabe cyclomatic complexity
(McCabe, 1976), Halstead complexity measttalgtead, 1977) These methods were
dzA SR YR &0 dzRA SR VahatN|[208) 8 S N& 6 bdz3S1

However, acording to Ghazarian, (2015) the existence of more classes, control flows
or modules in code does not necessarily méaat is more complex than amher one
with less of these characteristics and therefore a more rigorous approach is ndaded.
addition, Khan et al.,, (2016a) in their research compared several complexity
measurement models based on code characteristics and identified that differetélisio
produce different results as they capture different aspects of software c8tdarma
and Kushwaha, (2010) stated that software complexity measures based on code are not
the best approach to assessing software complexity as the code of the softwizteaity
produced at the later stages of software development. They proposed a complexity
framework based on requirements engineering document that utilize software aspects
such as functional and nefinunctional requirements, technical expertise, design
congraints, number of interfaces, number and type of inputs and outputs and number

of users and locations that will be deployed by a software system.

Fitsilis et al., (2010) stated that size alone is not sufficient for measuring software
LINE 2S5 0G O2 YL} SEA ( &EBtruciuded softnre projectiwithia felaxedzi 6

cost and time constraints can be much less complex in comparison with a esfativ
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smaltin-size project, which has a highly integrated product design and limited budget

and/ortimeto-Y I NJ] SG 202SO0GAQBSa¢ o

Trying to respond to this situation and in order to provide high quality software, a set
of empirical software development methodgere introduced in order to handle the
complexity of process oriented software development known as Agile Manifesto (Beck
et al, 2001). Some of the known agile software development methodologies are: Agile
Unified Process (AUP) (Ambler, 2002), Extremermamming (XP) (Beck, 2004) and
SCRUM (Takeuchi and Nonaka, 1986; Beedle and Schwader, 2002).

These approaches emphasise measuring the software product or the software
development process mainly and only partially and/or fragmentally take into
considerationproject management as a separate entitlespite according to Kiridena
and Sense (2016) the project management community have made a great efforts in
updating their methods, tools, knowledge and approaches in order to deal with project
complexity.Project management has a major contribution to project success and its
complexity can significantly affect the project result (Coblavies et al., 2007Ribbers
and Schoo, (2002) in their proposed framework for assessing software programs
implementation compleity, identified the management aspects which affect
complexity such as team structure, communication, cost and time management. Lee and
Xia (2002) stated that the complexity of the information systems development projects
sources from both technological drbusiness processe$ie and Bolluijf2014) state
that project management and project complexity management are very close related.
Kermanshachi et al. (2016) acknowledging the relationship between project complexity
and project management identified 3@omplexity indicators and the corresponding
management strategies. These should be incorporated to the project execution plan, in
order to keep it within budget and schedule constrairiher researchers are studying
software project complexity from vanus perspectives such as project maturity (Bolat
et al., 2017), adoption of an effective project management model (AgdohDilan,
2017), creation of an effective project management plan (Rahrearal, 2016),
identification of critical project success facs (Stevensomnd Starkweather, 2017) or
by the adoption of agile development methods (Trucemgd Jitbaipoon, 2016). This
indicates that the study of complexity of IT projects and of SDP is a multifaceted

phenomenon.
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Regarding the top ten factors thatdd to project success or project failure as
RSAONAOGSR AYy @FNRAR2dza aidzRASa adzOK2009a GKS
HAnpo YR da2Keé az2¥dsl NS FrAftaégd o/ KFENBGI
identified many project management aspects he tauses of failure. Issues related to
proper planning, requirements management, scope management, risk management,
procurement management, communication management, human resource
management, executive management support, user involvement and technology

related issues are referred to as success or failure factors within these researches.

From a project management viewpoint and considering the factors that influence it,
complexity in software projects is quite similar with projects in other domains, daugr
the tools, processes, restrictions etc. (Fitsilis and Stamelos, 2007). Hughes et al., (1999)
and Kiountouzis, (1999) stated that software projects differ since they are complicated,
supple and technology dependent. Furthermore, Xia and Lee, (ghBp3tated that
AYF2NXIGA2Yy deaidiSya LINR2SOGa al NB AYyKSNEB
technological issues but also with organisational factors largely beyond the project

GSFYQa O2y(NRBTf ¢ @

Considering the previous approaches, it is apparéat froject management and
project complexity interlock and the management of the one should involve the aspects
of the other, too. Therefore, thassessmentf software projects complexity should take
into account all project management aspects. This aede follows the Project
Management Body of Knowledge (PMBOK) framework (PMI, 2013) which implies that it
relies on the assumption that project management is a typical process and as such,
empirical approaches such as those mentioned before (e.g. XP M5E€RL are not

applicable in this case.

2.3. Approachedor assessingroject complexity

2.3.1. Assessment o€omplexity

Complexity can lead to challenges or even the failure of a project because either the
complexity is very high (Williams, 2002, 2005), or project complexity has been
underestimated (Neleman, 2006). Considering the above, it is obvious that many failure

factors would have been reduced, if not eliminated if there was a better understanding
26



of the level of project complexity.

Therefore, in order to reduce the possibility of project challenge or failure, caused by
complexity, we have to control it. The firsegtto do this is to know the level of expected
complexity byassessing. Whitty and Maylor, (2009) propose the use of complexity as
a metric, to measure complexity in a system. Complexity should be considered as a
variable that we should measure and && @A UGK GKS jdzSadAzy al
LINE2SOGKE NBLX & aLGa O2YL} &kan bedseeh ia Kigh@é 0
10.

0 1 2 3 4 5 6 7 8 9 10

HighComplexity

FigurelO Projects evaluation according their complexity

Therefore, the definition of a model, which allows the practasdessmentf project
complexity is considered as an essential element of a complexity framework.
Furthermore, the supplement of complexity framework with a software tools that
automates thewhole process will be useful. This research argues that the definition of
a complexity framework with the above characteristics will assist managers to
understand the concept of project complexity from the perspective of project
management, will allow thento make meaningful assessments about the project
complexity and take effective actions, in order to reduce or even overcome the
complexity impact to project progress and hence to enhance the probability of project

SUucCcCess.

2.3.2. Previously proposeadomplexity assessmenapproaches

The studies that follow the above approach are those proposed by Vidal et al., .(2011)
He at al. (2015), guyen et al., (2015nd Schuh et al (2017)

Vidal et al., (2011) in their study identified two dimensions of project complexity, the

organizational and the technological dimension and four aspects of it that are in
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compliance with the system thinking approach, named project size, project variety,
project interdependence and project context. Based on this approach, an initial
complexity framework consisting of 68 complexity factors was identified through
literature. Continuing ona Delphi survey was performed in order to refine the
complexity framewrk, by evaluating complexity factors on their contribution into
project complexity. The means of standard deviation was used as a criterion to refine
framework resultingin a framework consisting of 18omplexity criteria. The AHP
methodology was used tassign weights to criteria and to calculate the overall project
complexity, on a scale from 0 to 1 with higher values indicating higher complexity, based

on a set of projects that were set as alternatives within the AHP methodology.

He et al. (2015) in thestudy of complexity in construction mega projects in China,
proposed a framework consisting of six complexity categories/factors named
technological, organizational, goal, environmental, cultural and information complexity.
They also identified 28 conglity measurements/subfactors attributed to these
categories. The proposed model uses round Delphi surveys in order to define the
relative contribution of each one of the 28 complexity measures to project complexity.
Next, all measures with normalised values below 0.3 are suppressed. Finally, for

determining factors and sufactors weghts a fuzzy ANP methodology is applied

Nguyen et al. (2015) in their study of complexity in transportation construction
projects, identifiedsix complexity components named as segalitical, environmental,
organizational, infrastructural, and technagical and scope complexity with their
corresponding complexity factors. An initial list of 50 complexity factors was identified
through literature and then, these factors were evaluated by a group of experts resulted
in a final list of 36 complexity facter As a next step, a survey and subsequent factor
analysis was conducted in order to reduce the number of complexity factors involved,
resulting in a final list of 18 factors. A second survey was conducted to define the
weights of complexity componentsnd factors using fuzzy AHP methodology. The
overall project complexity was calculated by the summing the products of the weight of
each factor with the complexity value assigned to each factor by professionals. The scale
used for factor evaluation was beegn 1 and 10 with higher values indicating higher

complexity.

Schuh et al. (2017) identified a resowmaented process cost calculation method to
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systematically link the impact of complexity to resource demand after considering of the
project uncertainies. The project complexity evaluation model was implemented in
Microsoft Excel and MATLAB. The method examines every project activity for existence
of complexity drivers that can cause additional resource demands as well as their
likelihood of occurringThen using Monte Carlo simulations, the overall possible impact
scenarios of the identified complexity drivers are evaluated. In continuous a comparison
of the frequency distributions of the total resource demands with the capacities of the
organizations mables managers to identify possibly critical complexity drivéis.
calculate the overall project complexity and the possible requirements for extra
resources beyond those initially planned, the results of the data collection and

evaluation of the activies are aggregated at the project level

2.3.3. Discussion

From the number oproject complexity typologies that have been proposed during
the last two decades, only a few of them provide complexity frameworks that can help
project managers and stakeholders to assess project complexity andeanbyf them
attempt to propose modelfor measuring project complexity. According to this research
view, despite the significant contribution that these methods had in the field, they have
limitations that restrict their practical applications. Thmitations identified, concern

both the corceptual framework and thassessmentnodel.

The current conceptual frameworks determine the dimensions of complexity having
the notion of complexity as starting point. Following on from that, each framework
identifies a number of complexity dimensions aaling to its perspective of complexity
and to the domain it evaluates. The logical structure of this approach can be seen at
Figure 11. However, this approach is not very helpful to project managers since they
have a different view and approach to the prot. Complexity undoubtedly exists in
every aspect of projects in various forms and levels and having many facets, but
according to this research view, project managers should only be interested in it, if it

interferes with the different aspects of theivork.

29



Complexity Complexity Complexity
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Dimension|
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i - Project complexity assessment
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complexity|
Dimension|
I\

Figurell Traditional project complexity approach

They need to manage projects in order to be successful and because of that, they are
interesting in the appearances of complexity within the areas that interfere with their
management approach to the project and prevent them from being successful.
Complexy pertains to all project processes including project management processes. A
project manager probably does not care if the complexity he deals with is technological,
organisational, environmental etc. but in which way and through which means it
appearsand interferes with project management activities. This approach entails that
the study of complexity should be studied within project management processes and

the dimensions of project complexity should be identified through this prism.

Considering theassessmentapproaches, can be identified the following limitations
in the proposed models. Specifically, ttesults of themodel proposed by Vidal et al.
(2011), are highly depended on the set of projects that are set as alternatives in the
applied AHPmodel. Complexity, as mentioned in a previous section, is dynamic, is
SP2t SR 20SNJ GAYS |YyR 2ySQa LISNOSLINAZY
experience or knowledge gained. This implies that the projects used as alternatives
should be updated aar time and be different for different organisations. Howeuibie
selection of the appropriate projects is not a trivial process and a bad selection may can
lead to erroneous results of the model. These limitations have also been identified by
Vidal et al, (2011).

30



On the other hand, theomplexity assessmemhodel proposed by Nguyen et al.,
(2015) is strictly related to a specific type of projects, as it referred to transportation
construction projects, therefore limiting its use. Howeyver its abstract notion it is
compatible with this research complexipssessmengapproach as it is described in
Chapter 4 and presented in a number of articles (Fitsilis and Damasiotis, 2015;

Damasiotis et al., 2014; Damasiotis and Fitsilis, 2013).

The omplexityassessmenmodel proposed by He at al., (20X8&jjuires two rounds
of Delphi surveys for initial complexity measures identification ancbmtinuous uses
fuzzy ANP to perform complexity calculaomoth processes are netraightforward
to implement by project managers.hEe first requires the availability and commitment
of responders to participatenirecursivesurveys in order @onsensus about the most
significant complexity measurés be obtainedand the second requires the knowledge
of mathematial models andcalculations thaimost project managerare not familiar

with.

Thecomplexityassessmeninethod proposed by Schuh et dR017)is strictly based
on complexity impact tqoroject resourcegjuantification and their cost, which is a
significant limitation of this method-urthermore, it does not take into consideration
possible interdependencies between identified complexity drivers. It is quite complex,
time consuming and with significant overhead asefjuires the examination ofwery
project activity forpossiblecomplexity drivers affeag the resourcesrequired Next,
through a sequence of Monte Carlo simulations and statistical analysis for each
complexity driver, calculate the overall project complexity as a result of pessibl

additional resources required and their cost in relation to initial project resource plan

In summary, even though some studies have proposed methods and techniques to
assesroject complexity, the need for a more practical complexity framework, which
will consist of a typology of complexity compatible with the project management
process, a set of indicative complexiaictorsand a simple understandabt®mplexity

assessmeninodel, which is supplemented by aid software tool, is evident.

2.4. Summary

In thischapter,we have critically presenteithe conceptof project complexityalong
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with different existingapproachesNext,our focus wagut upon software projects and
the existingcomplexityassessmenapproacheswere presented At the same time we

have set the background fdinis research

In the next chapter, initially the rational for selecting the most appropriate project
management frameworks presented. Nextthe literature review for identifying the

complexity factors foeach complexity area that is defined in this research is presented.
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3. Literature review (Part 1) ¢ Complexity factors

identification

3.1. Introduction

This chapter critically presents complexity factors identified through a literature
review. Initially the dominant project management frameworks are briefly presented
and the reasons which have led tioe selecton of PMBOK as the appropriate project

managemenframework for this research amiscussed.

3.2. Project management frameworks overview

¢tKS SYSNHSYyOS 27F LINRB2SOG YIlIylFr3asSySyda 32
development of two mathematical models, the Program Evaluation and Review
Technique (PERT) and Critical Path Method (CPM) (Meredith and Mantel, 2008). In
subsequent years, the devglment of large projects created the need for advanced
methodologies and techniques for managing large proj&ctsrently the application of
LINEP 2SO0 YIFyl3SYSyid GSOKYAI dzS achieviagprajezty a A R S
goals. In the next paragraplasshort introduction on the three globally acknowledged
project management frameworks, namely IPMA Competence Baseline (IPMA, 2015),

PRINCE2 (OGC,2009) and Project Management Body of Knowledge (PMI, 2013), is given.

IPMA Competence Baseline (ICB) proposgd IPMA (http://www.ipma.world),
describes in detail the competences that are required for project management. These
competencies are classified in three main categories, technical competencies,
behavioural competences and contextual competencies. |IG8& isrocess based and is
focused on required project management skills, and subsequently on tasks and

activities.

PRINCE2 was introduced by OGC in 1996 and is widely uskd UK. It was
fundamentally revised in 2009 in order to adapt to changes in tiogept and business

environment, address weaknesses and adjust with other OGC methods. PRINCE?2 is a
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process driven project management framework which is very prescriptive and provides

the necessary techniques and templates for project managers to apply.

Project Management Body of Knowledge (PMBOK) is globally accepted as the main
standard for project management both from companies and from organizations such as
IEEE and ANSI (Pant araddaidi 2008; Morris et al.,2008 homas and Mengel, 2008).
PMBOK, in & latest version, identifies 10 knowledge areas in project management
which are: Project Integration Management, Project Scope Management, Project Time
Management, Project Cost Management, Project Quality Management, Project Human
Resource Management, Pegt Communication Management, Project Risk
Management, Project Procurement Management and Project Stakeholders

Management (PMI, 2013).
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behaviour such as leadership, motivations etc. Winter et al., (2006) states that project
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interaction between project stakeholder and active participation and accountability has
been studied before by many authors (Turner and Mulle320Cicmil and Marshall,
2005; Thamhain, 2004). In this research, PMBOK is chosen as the base project
management framework. This is because, while it provides project managers with a pool
of procedures and techniques in applying project management, it doeprovide any
templates for using them, but gives managers the freedom to take initiatives, utilise
their experience and thus it can be argued that PMBOK enables the development of
Gaz¥d aiAattaé rtazo

PMBOK is selected as the reference project manageéim@mework for this research

for three main reasons:

I.  PMBOK defines ten project management areas and five management process
phases that extensively cover all aspects of project management,
il. itis process based and as that is compatible with our approaatefined in the

previous section
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iii.  due to its popularity and extensive use worldwide

3.3.ldentifying complexity factors according to PMBQKx OF G S 32 NJ

3.3.1.Introduction

As a first step in this research, an extensive literature review was conducted and
properties of projects and of the project management process were identified in order
to determine the appropriate complexity factors according to the described approach.

The methodology approach followed for this literature review is presented in Chapter 4.

3.3.2.Time project management area

Time is a critical parameter in project design and progress and a determinant factor
in successful or unsuccessful e completeness(Wright, 1997 Atkinson, 1999
Nordgvist et al., 2004). Project management, among the other important operations,
involvesproject planning and scheduling operations trying to ensure the completion of
projects within specific time frames (Baband Suresh]1996). The poject time
management process should answer questions such as what are the activities that are
needed to be performed and when, what are the resources required and when they
should be allocated, what are the dependencies between activitiespurees etc.
However, this is quite a complex process to determine, due to the number of activities,
the type of activities, the interdependencies between them and a great number of other
interior or exterior project environmental factors. The importandetime in project
management was acknowledged early on many organizations and the Project
Management Institute included Time Management in projects as one of the main areas

of project management in PMBOK guide.

According to PMBOK (PMI, 2013) the firsnthithat should be considered when
starting to implement the project time management plan is to establish the policies and
procedures that should be followed. Applying different methods and policies in time
management planning may result in different hiethies in project time management

requirements, resulting in different actions that should be implemented and to possibly
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different results. For example, if the planning method will be based on thekneivn
GONRGAOI T LI GdK YSiK 2aecordird te Soyratih (1997) dor theS NB |
bottleneck resources to be ignored, resulting in time planning delays and project
decreased performance. According to Ramo (2002) in projgetnizationsit is of great
importance doing the right things rather thawoing things right in terms of timing. This

I LILINEF OK Aa Ffaz2 1yz2e6y |a aG{dz00SaairgsS t|
project management (Lichtenberg 2000). The control of time is considered the most
important variable in business nowadays. Tuoal of project time management is to

define timely and well understood operations in projects as these are critical factors in
order to improve project performance and gain competitive advantages (Hameri and
Heikkila, 2002). The notion of time in projedhcludes more dimensions than just the
duration and scheduling. It also includes the dimensions of activities sequence and
synchronization and project intensiveness (Maar®isson and Mullern, 2009). &hin

et al., (2015) andundin and Soderholme (19Pstate, the projects should be considered

as a set of activities that evolve over time from project start to project finish. Considering

the above, it is obvious that the number of project activities is an important complexity
factor in project time mangement as it is strongly related to the duration, scheduling,
synchronization and sequence issues of project time as has been proposed by other

researchers aa project complexity factor (Vidal et al., 2011; Fitsilis et al., 2010).

Each project can be ceitlered as a set of interconnected activities that correlate,
interact and share a pool of common resources which generally is not suffice for all
activities to work concurrently. So the aim is to prioritize the activities in a way that will
assist and endince the efforts to achieve project goals. In that context, factors sourcing
from activities correlation, synchronization, duration and resource requirements, such
as the number of critical activities (e.g. activities that belong to critical path), thddaum
of activities executed in parallel, number of activities with overlapping resource
requirements, number of activities that require high variety of resource types, number
of dependencies between activities and variance in project activities duratiorbean

considered as complexity factors that affect the project time management process.

Time resources in a project are not infinite. In fact, projects are usually faced with
strict time resources and deadlines/milestones, which have a great impact onaie w

they were planned and executed. Deadlines/milestones have a significant contribution
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in how work is regulated and time and work is partitioned into smaller parts (Nordvist
et al.,, 2004). This is usually a means to enhance the motivatidhegbroject team
working on the project and increase its productivity as the deadline approaches
((Maruping et al., 20158 ODNJ 6 K YR hQ/ 2yy2NE wMdpdhdcT {
Ancona, 1990), otherwise team members may lose their focus and commitment to
project activites due to other external interferencéBerg and Karlsen, 2016gvers et

al., 2001). However, there is a limitarthat pressure that should not be exceeded, as
otherwise the results will not be those expect@daruping et al., 2015)The stress that

can overwhelm team members can lead them to passivity, avoidance reduced
performance and have a negative effect onitheealth (Rissler, 1994; vanrde, 2000).

In addition, milestones should be clearly defined and communicated to team members
as by that wayhe negative effects of time pressure can be redu@@drdqvist, 2004

It is the responsibility of those performing the project time management to take these
into consideration and to ensure that contradicting factors, such as the availability of
time and the number of milestones be handled in such a way that will result in conditions
that will enhance project progress and success. So the density of project (rate of tempo:
relaxed or stressful), the number of project intermediate deliverables/milestomes a
the project duration are important complexity factors in project time management

process.

Uncertainty, sourcing from project environment, interconnections between project
activities and resources and the number of different methods used to deal with, i
embedded in project time management and have a great influence in the effectiveness
of project time management process (Hameri and Heikkila, 2002). A time manager
should take into consideration properties of activities (such as number, type, criticality,
duration, etc.), properties of resources (such as number, type, availability, criticality,
scarcity, etc.) and project environmental factors (interior and exterior). For that reason,
the experience of those performing the time management process witlajept can be
considered as an important complexity factor in project time management success, as
usually highly experienced time managers decrease the possibility of selecting and
FLILX @Ay3d agNRy3IeE YSIOUK2Ra GKI G O2dzedy NI A a

resulting in decreased performance and finally to challenge the entire project success.
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However, team experience is not adequate by itself to perform time management
successfully. From the above it is clear that time management is a quite compglex an
complicated process and therefore the availability of a set of tools to assist project
managers in planning and monitoring the various aspects of project scheduling is
necessary. For example, consider the existence of a schedule control mechanism/tool
that is able to monitor the current project status and allow early changes in project
schedule to accommodate differences between project implementation and scheduling
status. For that reason, the availability or not of such tools is considered as an importa

complexity factor in time management.

Table 4presents the complexity factors identified within project time management

processes.

Table4 Identified complexity factors ithe Timemanagement area

Time management area complexifactors

Number of project activities
Number of critical activities
Number of project activities executed in parallel.

Number of activities with overlapping resouneuirements.

1
2
3
4
5. Large number of dependences between activities
6 Number of activities that require high variety of resoutgpes.

7 Long project duration.

8 Numbe of long duration activities.

9 Variance in project activities duration

10.  Number of intermediate deliverables should be delivered

11. High projectdeliverable density.

12.  Low awailability of project resources.

13.  Number of activities require highly specialized resource types

14.  Insufficient time management experience within project management tee

15.  Lack/shortage of tools for planning antbnitoring projectschedule
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3.3.3.Cost project management area

Effective cost management is an important parameter for a successful project
outcome. A fundamental process of cost management is cost estimation, as according
to these estimations, substantial informatiamould be gathered and used for decision
making, scheduling and resource allocation (Carr, 1988) cost estimation
underestimates actual cost needs, then the project may be delayed or may fail to meet
objectives. In contrast, if cost estimations overesite actual costs, then probably
there will be funds that will be denied to other projects or a project may not be approved
at all as too expensive. Research such as CHAOS report (The Standish group 2015, 2009,
2005) indicates that almost one third of sefire projects experience cost overruns of
more than fifty percent of the initial budget caused by wrong cost estimates. This is
something that sets the project in serious danger or may lead to compromises in quality
of project deliverables. So, the questigs why cost estimations fail so often? Many
reasons can be identified but usually this is due to lack of necessary information,
lack/unavailability of cost estimation tools, due to actions of senior management (e.g.
arbitrary budget cuffs), inexperiened cost management team, design errors etc.
However, consensugrevailsthat cost estimation models do not always work (Chou,
2009 Yeo, 1991

Project cost management is mainly concerned with the cost of resources needed to
complete the project activies and the stakeholder requirements for managing costs.
Beyond that it should also be taken into consideration what effdwésgdecisions taken
at this stage may have later on the recurring cost of using, maintaining and supporting
the product or servicaleliverable of the project (PMI, 2013). However, this is quite
complex process to determine, due to the number of activities, the type of activities, the
interdependencies between them and the great number of other interior or external

project environmentafactors.

As already mentioned, project cost management is mainly concerned with the cost
of resources needed to complete the project activities and the stakeholder
requirements for managing costs. Cost estimation process is quite a complex process
andvarious approaches can be used to implemer(Tdrp and Klakegg, 2018)hese can
be classified as probabilistic, determinist, bottam, top-down, analogous, qualitative

and quantitative (Chou, 2011; Doloi, 2011; Niazi et al., 2006). Regardless of which
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approach will be selected for cost estimation, all rely on utilizatibaxisting cost data

from previous projects and to cost estimation experience of team performing cost
management (Chou, 2009; Aibinu and Pasco, 2008; Henry et al., 2007; Akintoye and
Fitzgerald, 2000). However, historical cost data, especially if det@dtedare required,

are not always available. On the other hand, using historical cost data from previous
projects, even if these are similar to current projects, is not always considered a good
choice inthe cost estimation process, especially in progthat operate in a rapidly

changing environment. (Chou, 2011;2009)

The ceterministic approach relies on utilization of existing past cost project data and
to cost estimation experience of the team performing cost managemditte
probabilistic approach ibased on simulation processes that requires project data as
input. However these data are not necessarily all available at initial project stages and
hence team experience is the factor that determines the accuracy of estimataibp
down costestimaion is simple, low costequires historical cost data that are usually
easy to find but has low transparency, low versatility and high level of assumplioas.
bottom up cost estimation approach offers the best accuracy, high credibility, is
transparent granular and versatileHowever, it requires detailed data that often are
unavailable and requires the most time to be implementéde analogy cost estimation
approach is a deviation of bottomp approach that makes extensive use of data
obtained fromsimilar past projects, which is analysed for metric differences with the
current project with the help of appropriate software tools. Laclor bad quality of
historical project data or tools leads to inaccurate cost estimatidie qiantitative
approad also makes use of historical cost data from previous similar projects and expert
knowledge but beyond that, it analyses project processes and units using analytical
methodsto produce accurate costs (Chou, 201The qiantitative approach relies on
historical cost data from similar projects and to expertise of those performing cost
estimation. The critical point of this approach is the degree of similaripast projects

used.

When considering the cost estimation approaches similarities can easdg hified
between them and that there are mainly two basic methodologies. One that is more
analytical and detailed and produces more accurate estimates, but requires time and

detailed historical cost data that are not always available and a second tinatls easy
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to perform but the accuracy and robustness of produced cost estimations is very often
under question. It is obvious that factors such as the existence of historical cost data,
the level of expertise and experience of team performing cost mamege, the

availability of time to perform cost estimation and the availability of specialized methods
and tools for estimating, monitoring and reporting cost progress are among the basic
factors that influence the cost management complexity process andvadability or

lack of them can significantly affect the complexity of the whole cost management

process.

In addition, the cost estimation teasroften have to deal with senior management,
that considering that project cost is too high proceeds to adnitrcost reductions
without making analogous reductions and in project scope (Doloi, 2011). Flyvbjerg et al.
(2002) in their research indicate that projects very often fail not only due to technical
reasons but due to external project dependencies suctpaldical environment or
stakeholder§psychological reasons. Market conditions is also a factor that affects
complexity in cost estimations process as difficulties in market affect the economic
situation of business and society. Under that prism, the jormgect duration can affect
cost management complexity as it is more vulnerable to meet changes in political,
economic, market and technological environment that could change the economic

status and feasibility status of the project (Xia and Lee, 2005).

Another aspect of cost management process is how project cash flows evolve.
Smooth and accurate cash flowee critical to project progress as these determine the
amount of capitals that should be reserved at any time, allows determination of project
financial requirements and performing earn value analysis (Maravas and Pantouvakis,
2012). Thus, irregularities in project cash flows add a layer of complexity in cost
management process. Another factor that is strongly related to project payments is the
variety of project financiers and how it affects cost management complexity (Vidal and
Marle, 2008). For example, it may be better to have a large number of financiers in order
to distribute the cost at any stage of the project and expand the economic base of t
project. On the otherhand, this may result in more bureaucracy, increased
communications requirements necessity to deal with psychological barriers between
financiers and hence increased cost management complexity. Therefore, the number of

project financiers can be considered as a complexity factor of cost management process.
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The existence of time consuming processes for project payments, intensive financial
reporting and generally high bureaucratic processes are factors that can add a layer of
complexty in project cost management process. These factors are strongly related by
FAYEFYOALE adl {SK2f RSNERQ LRftAOe YR | NB dz
financiers is high or public domain is involved and a higher accountability is required
(Ftsilis and Chalatsis, 2014).

Table5 presents the complexity factors identified within project cost management

processes.

Table5 Identified complexity factors ifie st management area

Cost management area complexity factors

Long project duration

2. Low accuracy of analytical cost estimates due to project exte
dependencies (e.g. time restrictions, economic condition, polit
environment etc.)

3. Lack/shortage of specialized cost estimation method and tools. (eegofu

well-known methods, availability of specialized software etc.)

Project budget cuts attributed to external facts

Insufficient cost management experience within project management tea
Lack/shortage of historical cost estimation data
Project is financed by large number of stakeholders

N @ g &~

Irregularities in project cash flows (e.g. frequency of delay, diversities in «

duration etc.)

9. Lack/shortage of tools and processes for tracing, monitoring and repo
project cost progress

10.  Time consuming processes for project payments approvals

11. Intensive and time consuming project financial reporting

3.3.4.Quality project management area

Nowadays companies are operating in a highly competitive environment in terms of
providing products of high quality, low cost, with innovative features and in short
periods. A critical factor to survive in this tough environment is to produce high quality
products and to reduce product cost and time to market by reducing the need for

reworks. To succeed organizations are needed to implement and reinforce quality
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management procedures. Quality management is defined as a set of processes and
activities in or&NJ G2 F OKAS@®S | Gg2F2ftR FAY® CA
requirements and confidence, in the ability of the organisation to deliver the desired
product /service consistently, with the specific characteristics and requirements that

was set during theroduct/service design period in order to meet their needs and
SELISOGLFGA2yad {SO2yRfeée (2 &aladrafe GKS 20
external for efficient use of available resources (human, material, tool, technology and
information) in the most optimum way. According to Flynn et §1994) there are two

discrete types of quality management, the quality management practices (inputs) and

the quality performance (output). A number of studies have tried to identify the key
quality management dimensions (Sousa and Voss, 2002) with most of theimgha
O2YY2y aLJ OS HAGK ta.hYQa I LILINERIOK F2N

management.

A number of models have been developed for measuring product quality features
such as performance, reliability, durability and management practices (Saraph et al,
1989; Parasuraman et al, 1988; Flynn at al. 1994). Software projects were among the
first that adopted quality management procedures and measures of the need to avoid
budget and schedule overruns failing to deliver products according to specifications or
delivering products at all (Standish Group,2009). A number of models which aimed on
improving the software development process were introduced such as the COCOMO
(Boehm, 1981), Capability Maturity Model (CMM)(Paulk et al., 1993), COCOMO I
(Boehm,2000), IEEE12207.0 standard (IEEE, 2008). These models measure either the
effectiveness of development process or the software development process. However,
the measurement of the quality of project management is not included as it is difficult
to determine abstrat and effective quality management metrics. For that reason,
although Boehm (1981) states that poor management can affect software project cost
more than any other factor, he did not include in his model any quality management

factors but relies on assumipns that the project will be well managed.

To apply quality management in projects is not trivial as there are factors that
introduce complexity in this process whibhve notattracted too much attention from

researchers antlave notbeen evaluated undethe prism of quality management.
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The first step in quality management is to create the quality plan and specifically to
identify quality standards for the project, set up quality requirements, define how
quality will be managed and validated. Strict Qiyarequirements may increase the
complexity of quality management as intensive quality management processes and a
bureaucratic and heavily documented quality management system should be
established. This system should cover the areas of specificatioinge, monitoring
and reporting of project quality. Although the level of complexity that will occur
especially in large software engineering projects, will be perceived as requiring to ensure
both quality in processes and outputs, and to ensure compéarthere is still the risk
that sub parts of an overall design will suffer from poor design and documentation or
that even basic assumptions become flawed or outdated (Ogland, 2009). Such
undesirable factors would likely lead to a significant amount wford that would affect

project process and would increase project quality management complexity further.

There is consensus between scholasstierrezGutierrez, et al., 201&u et al., 2008;
Beckford, 2002;Saraph et al. 1989; Deming, 1986n the impatance of quality
management of factors such as top management commitment to quality, process
management and stakeholders and employee commitment and training to quality

procedures.

Quality management, althoughultimately can contribute to project coséduction,
has a cost bitself thatis not negligibl§Modhiya and DesaR016;Love and Irani, 2003).
The commitment of project top management and leadership to quality management
should be unquestionable. That is because during project progress they by
challenged to take difficult decisions such as the adoption of a new management
philosophy, setting new policies and attitudes and it may be required to select between
retaining either timecost restrictions or quality restrictiondaved (2015) anBeckford
(2002) state that management commitment is the most critical issue in the pursuit of
quality. Evidence of this commitment is the existence of a quality assurance (QA)
department within the project organisation. The QA department is an organisational
mechanism to improve quality management. It is responsible for the proper utilization
of the personnel of QA department, for designing quality mechanisms within the
departments, for controlling staff applying quality processes (Saraph et al., 1989) etc.

The complete absence of a QA function or department does met&n that the
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organisation is not performing or enforcing quality management techniques but its

existence usually makes things easier and instils a quality culture within organisation.

The termdquality culture refers to an organisational value system that results in an
environment that is encouraging to the establishment and continual improvement of
quality. Organisations that develop and maintain a quality culture will differ significantly
from those with a traditional culture in the areas of operating philosophy, objectives,
management approach, attitude towards customers, probieoiving approach,
supplier relationship, performaneenprovement approach. Although establishing a
quality cultureis a challenging process for all organisations, it is even more challenging
to maintain it over time. In order to establish and maintain quality culture, organisations
need to maintain an awareness of quality as a key cultural issue, make sure thatthere i
strong commitment of leadership to quality, empower employees and encourage self
development and selinitiative, apply employee training in quality procedures and
recognize and reward the behaviours that tend to adopt and maintain quality culture

(Zu etal., 2008; Irani et al., 2004; Saraph et al., 1989).

From the above is obvious that quality management isomplexprocess which
involves a variety of procedures within an organisation. Tthesimplementation of a
quality management system should follow and comply with the requirements set by
well-known gquality management standards developed by international organisations
such as the International Organisation for Standardisation ({8@)://www.iso.org)
For example, the weknown and widespread international standard 1ISO 9961v dzI f A ( &
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guality management system. This includes monitoring processes, nmangaiomplete

and accurate records, checking for defective output, taking action to correct defects,

and continual internal reviews for effectiveness. It should be noted here that ISO 9001
doesnot provide detailed guides about how to implement it, in orde be able to be

adjusted with both organisation requirements and standard requirements. As a result,

it is a generic standard that can be applied to a variety of organisations regardless of the
size or domain of their business. On the other hand, tteeestandards that are more

domain specific such as ISO 90003 { 2 F i ¢ | NB -SGuBldlineS ®MNthey 3
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organisations. An important point that is indicated by quality managanexperts is
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that quality managers should not become isolated from the organisation environment
or project special environment and should be able to identify special situations and
characteristics and to be adjusted accordingly (Ogland, 2008). Thergargkes which

point out that the designing of a quality management system although following the
standard requirements, may be finally inappropriate and lead to situations where

quality is poorer than before applying the quality management system (Se@0060).

In order to avoid such unpleasant situations, the existence of historical quality
management data can provide valuable information in designing good quality
management principles, practices, techniques and avoiding errors. In addition, project
organisation can comprise of two or more cooperating organisations which may vary in
size, capabilities, experience and quality culture. The lack of consistency needs to be

managed in order to implement a total quality management system.

Another important fator for successful quality management is the timely collection,
distribution and availability of current quality data, both for employees and managers
(Zu et al., 2008). These data are necessary for maintaining quality oriented behaviours,
quality improvenent, problem solving and evaluation of managers and employees
based on quality performance and timely quality measurement in order to keep process
in control and avoid production defectives (Zu et al., 2008; Flynn et al, 1994; Saraph et
al., 1989.

Information that is delayed or is inaccurate or is not properly filtered can result in
quality failures due to ineffective decision making. Key elements in avoiding that
situation include firstly the existence of an effective and efficient communication
systemcapable of timely distributing the required information, such as quality goals,
policies, responsibilities, quality measurement results to the appropriate people,
gA0K2dz0 T RRAY3I ay2AaSé¢ 2N F RRAy3a dzyySOS:
process. Secully the existence of appropriate tools and processes to support every
stage and aspect of quality management process such as planning, tracing, monitoring
and reporting. In this regard, the existence of an information system to support quality
managementand generally the use of information technology in managing and
communicating quality information is mandatory considering the complexity of sourcing

from the amount of data that needs to be managed, where in many cases it originates
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from organisations wit differing approaches to quality management (Love and Irani;
2003).

The existence of external quality audits may add complexity to quality management.
The external quality audit usually is interested in measuring the organization quality
system against th requirements of a selected quality standards model (e.g. ISO 9000
standard) and not the organizational performance against business excellent model
criteria (Karapetrovic and Willborn, 2001). Bureaucracy widmorganisation may also
be increased as me documents should be prepared, that should be compatible with
the requirements set from the selected quality standard, used by the external auditor.
Another aspect is that external audits may increase the psychological barriers within
project members makg them act more formally and reducing by that way the flexibility
that is required in order to quickly adapt to changes or deal with problems, resulting in
decreased project performance. However, the external audits reassure the objectivity,
independenceof evaluation and a strong assurance that a quality system exists and

operates in the organisation.

Table6 presents the complexity factors identified within project quality management

processes.

Table6 Identified complexity factrs inthe Quality management area

Quality management complexity factors

1. Quality requirements as stated in gext quality plan.

2. Insufficient communication of quality goals, policies and responsgdsiliwithin
project organization.
3. Lack/shortagef historical quality management data

4.  Low management commitment to project quality (e.g. management prefere
to retain time- cost restrictions versus quality restrictions)

[FO1 2F ljdzr t AGeé& OdzZ G§GdzNE 2 F LiNBI®S
experience, commitment to quality management)

6. Not use of wetknown quality management procedures.

o

N

Missing of QA organisation department

o

Lack of tools and processes for planning, tracing, monitoring and repc
project qualitymanagement result

9.  Existence of external quality audits
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10. Existence of thorough quality management procedures  wit
customer/contractor organisation

11. Process immaturity

3.3.5.Communication project management area

One of the biggest challengestire project management process is the coordination
of people, processes and activities in projects. For dealing with this challenge, the role
of communication is essentiglCarvalho, 2013McChesney and Gallagher, 2004).
According to Pinto and Pinto (1990),opct communication can be defined as the
vehicle through which project stakeholders share information from different functional

areas that is critical to the successful implementation of the project.

Project communication has three major components. Tin&t component isthe
communicatiorbetween different projecparticipants, who they are and what are their
characteristics. The second component is the type of the communicated message and
the third component is the communication media that will be usedcommunicating
(Muller, 2003; Pinto and Pinto, 1990). Further project communication can be
characterized as internal or external to the project accordintipéotype ofstakeholders
involved. Internal is the communication between project team membehereas

external is the communication between the project team and the project stakeholders.

According to Kennedy et al. (2011), communication acts as a bridge between the
various project stakeholders in order to improve team cooperation (Pinto and Pinto,
1990), coordination (Hauptman, 1990), information processings#l1iti097), decision
making (Poole and Hirokawa, 1996), knowledge sharing (de Vries, &086) and
enhance team member activities (O&t al., 1991). Obikunle (2001), states that
communication is at the heart of the project and lack of it will give room for rumours to

develop and will cause misunderstandings and misinterpretations.

Turner and Muller (2003) mention that the temporary nature objpcts is a factor
that increases communication complexity. As such, communication management is not
trivial process and for thiseason,PMI defines communication management as one the

ten management areas in the PMBOK guide (PMI, 2013). PMBOK defines
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timely and appropriate generation, collection, distribution, storage, retrieval and

dzft GAYIFGS RA&aLRaAGAZY 2F LINRP2SOG AYTF2NNI
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performance reporting.

Goncerning software projects, there are studies such as the studidsaiodiSh Group
GHnNnnpX HAnLEI 2N GKS aiddzReé a2Keée {2Fdo61 N
communication failure or poor communication between project stakeholders, among
the most important factors that affect project success. Further, the increasngand
for software systems, the rapid changes in software technologies and the increasing
complexity of software functionality makes the need for effective coordination between
project stakeholders a necessity. The means to achieve that is effective woication
that can be achieved through effective communication management. It is generally
accepted that complexity in communication management is present in every aspect of
the communication proceg€arvalho, 2013ylcChesney and Gallagher, 2004; Saunders
and Stewart, 1990; Bergen, 1986). Thus, in order to achieve an effective communication

management, it is important to control this complexity.

Modern projects are operating in a collaborative development environment where
two or more organization cooperatin order to develop a specific product or service. A
key point for successful cooperation is the establishment of an effective communication
between parties allowing the efficient coordination of activities and people. However,
communication difficultis are increased as the number of involved parties increases
(Backlund and Ronnback, 1999). Although, each organization may have established an
efficient internal communication mechanism, this does not imply that an effective
communication mechanism can lestablished easily between them. In addition, the
various project partieg stakeholders are coming from different functional areas, with
their own unique view about the project and perception of project success (Muller,
2003; Patrashkova and McComb, 2004he requirement for coordination between
them creates the need for an environment of high communication density which adds a
layer of complexity in communication management in terms of communication
frequency, type of communication (formadformal), whth media will be used and
LI NIAOALI yiQa Sy3alr3asSySyid o62GK Ay (SNXa
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number of different organizations composing the project organization is identified as a

communication management complexity factor.

A key point in communication management is the establishment of an effective
communication model. Especially, in organizations that attempt to maintain an 24x7
communication model, such as multinational organizations (Daim,&(dl2), this need
become more imminent andhallenging to project managers. The criticality of effective
communication in project performance has been identified by many researchers
(Patrashkova and McComb, 2004; Hutchins, 199%ith et al., 1994). The relation
between communication frequency angroject performance has also been
investigated. Too little communication can lead to confusion and misunderstandings
(Katz and Allen, 1982) whereas too much communication can lead to communication
overload (Patroshkova and McComb, 2004). Further, progaasntmembers have limits
in the amount of information they can process (Fussel et1898; Boisot 1995). Both of
these circumstances will lead the reduction of communication efficiency and project
performance which challenges in the project succe&isidies have proven that the
relation between performance and communication is curvilinear (Kennedy,2Gil1;
Patroshkova et al 2003; Huchinsl995). This implies that there is an upper litoithe
amount of communication in relation to team perfoemce and beyondhat, the
performance will decreased if communication is increased. The term communication
refers both to formal or informal types of communication between project team
members. Formal communication includes reports, presentations, mesetiagd
generally all forms of official communication where written documentaries are
presented and take place through predefined channels. On the other hand, informal
communication does not require written documentaries as it is mainly verbal, allowing
team members to discuss work related problems fast and efficiently without the
overhead of formal communication and can be spread freely between team members.
It is obvious that formal communication is much more demanding and time consuming
than informal commuication. Formal communication, especially in forms of in person
communication such as meetings, presentations etc., is much more demanding and in
management terms as it requires the gathering of number of persons at a specific place
and time that is noalways easy, dufor exampleto geographical distribution of team

members. If the frequency of such types of communication is high, then a layer of
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complexity is added to communication management. In addition, formal
communication requires team members $pend a larger portion of their labour time

in communication related process in terms of preparing, participating, analysing and
evaluating the results, resulting in reduction of labour time available to spent in their
original tasks in the project and heain reduction to project performance. On the other
hand, informal types of communication, although not having the overhead of formal
communication, can also easily be time consuming for team members if it is taking place
of a high frequency. For example,high number of emails asking for small pieces of
informationcan take up a lot of time and decrease performance. Considering the above,
it is proposed that the heavy and frequent project reporting, the frequency of formal in
person communications/ meetgs/ presentations and the labour time spending in
communication processes by team members are factors that can affect the

communication management complexity.

In order to achieve an efficient and timely communication, specific communication
structures, pocesses and protocols must be defined (Carvalho, 2008; Saunders and
Stewart, 1990). Specific communication lines across team and stakeholders must be
established, in order to set a structure of communication between stakeholders. If these
lines are not estblished the control of communication will be lost, as messages will end
up being passed from one to the other with no order, specific information may be sent
to the wrong person etc. According to Daim et al. (2053) the number of project
stakeholders ricreases the number of communication lines also increases and
complexity is added to communication management. Furthermore, an important
prerequisite for establishing effective communication lines is the clear assignment of
responsibilities between projeechembers and communication of these within project
organization. These two parameters will enhance timely communicatidnch is a
prerequisite for successful projecompletion,as everybody will know what should be
communicated, to whom, and through wali communication channel. This becomes
even more important in geographically distributed projects and where team members
with different cultures exist (Daim et al., 2012). Consequently, it is considered that the
lack of clear work assignments and the latklear communication lines are factors that

can affect the complexity of communication management.
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Software development projects operate in an environment of continuous change
with respect to the technology. These changes make the continuous sharing of
information important between project team members which can be achieved only
through communication. Moreover, the practice of creating geographically distributed
teams (virtual teams), is used increasingly and especially in high tech projects (Daim et
al., 2012;Kozlowski and ligen, 2006). These project teams could not even exist if there
IS no strong communication infrastructure. Geographical distribution of project teams
adds complexity in communication management as new difficulties arise in
communicaton process such as time differences, differefitst languages and
differences in culture between project team members {kadly and Sankey, 2008). In
addition, it is difficult to use certain forms of communication, such as synchronous or in
person typesof communication, because that, communication is usually relayed on
asynchronous types. Obviously, these restrictions add a layer of complexity in
communication management. Thus, it is suggested that the geographical distribution of
project stakeholders isa factor that affect the complexity of communication

management.
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factors and for tha reason they gain different impressions for the same data.
Geographical distribution of projects as well as with the globalization of labour market
(Lu et al, 2005), leads to formation of teams with people from different nationalities
and hence with di#rences in culture, ethic, habits, education, trainingrtention afew
(Dekker et al 2008; Hardin et al2007). These are critical factors in creating attitudinal
and psychological barriers between team members (Carvalho, 2008). To overcome this
problem, organizations that operate all over the world send employees that are in
critical positions, to other countries in order to understand the culture of people there
(Daim, 2012). Thysit is considered thatthe RA GSNRA (& 2F LINR2S(
nationalities and the existence of culture differences between project stakeholders are

factors that affect the communication management complexity.

Team members, especially in virtual teams, often have difficulties in building trusting
relationships withother team members and can be easily feel neglected (Daim, 2012).

As such, communication based on email or reports is not adequate as it increases the
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possibility of misunderstandings and psychological and/or attitudinal barriers arising
between team membes (LeeKelly, 2007). Sigrun (2007) in his research in email
communication, note that the use of inappropriate tone and words is very common in
that form of communication and can easily lead to misunderstandings. As a result, the
need for more interpersoricommunication type and media to support communication

is intense, as it can reduce barriers sourcing from psychological elements such as
defensiveness, lack of credibility or respect between team members, judgmental
attitudes etc. When people communicatéhey use more than one communication
channel to convey a message, such as body language, voice tone, facial expressions and
eye contacts. The messages received by these channels can totally change the meaning
of words spoken. Because of that, the existenof communication media rich in
communication channels is important and can reduce communication complexity.
Examples of communication media rich in communication channels are
videoconference faceto-face meetings, or telephone. The richer in communioat
channels, the more effective is the media in communication (Chudoba and Maznevski,
2000) considering psychological and attitudinal factors-{Keky, 2008). However, there

are disadvantages too, teleconference, for example, cannot satisfy the need for
clearance and clarity of requirements. Backlund and Ronnback (1999) indicate that very
often in geographically distributed projects the availability of a wide range of media
tools is limited and that can affect the effectiveness of communication. Thexgefor
availability of a wide range of communication media tools, is very important property of

communication and can affect the communication management complexity.

An often neglected parameter is the communication beyond the boundaries of the
project (Partigton, 1997). It refers to communication with the local communities and
authorities in order to share information about the project that might concern them.
Communities are often wary and sceptical towards projects that will be implemented
and it can affeceveryday life. This attitude can be easily changed to be negative about
a project if rumours about the project prevail over the official information. The goal of
communication management is to create a positive common view and share the
common vision abauthe project with the local society. To achieve that, frequent
information about the project progress should be established through a variety of media

in order for all stakeholders to be informed as even a small group of contradictory
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people can challengproject success. This need is even bigger in high visibility projects
and this is a factor that adds another layer of complexity in communication

management.

From the above it can be concluded that there is a wide variety of parameters that
the communicéion management team should take into consideration while preparing
the communication plan, such as project environment, communication requirements,
communication budget, and communication technologies and tools availability.
Further, research has showKt & 3J22R ail { SK2ft RSNAQ NBf I
strategy and project goals can affect the frequency and the media used in project
O2YYdzyAOF GA2Y O0hQbSAfXZ wnnyT adzZ t SNE wnn
project team members reduce the nedor faceto-face communications and increase
the usage of traditional written reports as the probability of the appearance of
psychological barriers are reduced. Concluding, the communication management team
should take into consideration a wide variaiff parameters either measurable or not,
in order to find the balance between the various forms of communication and the media
to be used in order to avoid communication overload or communication starving
situations. To achieve this goal, management tearpeeence in communication
management is critical. As the literature provides, in many cases, there are contradictory
guides about communication parameters for example how much formal, informal or
interpersonal communication is required (l-Kelly and Sanke2008; Patrashkoa and
McComb, 2004). As a result lack of or insufficient communication management
experience can be considered as a complexity factor of the communication management

process.

Table7 presents the complexity factors identified within profecommunication

management processes.
Table7 Identified complexity factors ifne @mmunication management area

Communication management complexity factors

1. Insufficient communication management experience within proj
management team
2.  Geographical distribution of project stakeholders
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3. Labour time spent on communication processes by project team memnr
(consider time for preparing, participating and evaluating a communice
process)

4. Diversity in prgect stakehd RSNAR Q yIFGA2y I fAGASaD

5.  Culture differenes between project stakeholders.

6.  Shortage in communication media togt®nsider availability of media tools fc
various communication types e.g. face to face, oral, written etc.)
7. Heavy and frequent projeceporting.

8.  Frequency of formal in person communication / meetings / presentations

9. Not clear communication lire (efers to lack of definition of organization
hierarchy, lack of formal communication lines, structure and preferred typ
communication between project organizational levels and teams)

10. Not clear job descriptions and work assignment

11. Number of organizations composing the project team

12. Requirements for communicatiodue to high project visibilityconsider local
communities, authorities, public etc.)

3.3.6.Human resources project management area

From the first years of management the important role of the Human Resources (HR)
in organization performance has been acknowledged (Barney, 1991; Huemann et al.
2007; Buller and McEnvoy, 2012). However, despite this trend there are some empirical
studies(Pinto and Prescoft1988 Belout and Gauvreau, 20p&hich contradicts this
general perception. The results of their research show that the human factor plays a
marginal role in project success. Nevertheless, Belout and Gauvreau (2004)
acknowledge that first HR management in the context of project manageimseyet
undeveloped and second that the strategic role of HRM in organization success is
increasingly recognised. Nowadays, the significant role of HR management in project
success it is generally acknowledged and the Project Management Institute have
included HRM among the ten fundamental functions of project management (PMI,
2013). The importance of HR is even bigger in organizations that operate in rapidly
changing and complex environment (Hayton, 2003; Huemann ,&2Q07). HR are not
homogeneous bieveen organizations and, that is among the main factors that makes

them differ in how they respond to various challenges and problems even if they are
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operating in the same area. For that reason a lot of work has been made during the last
years in the doma of HR and HR management in order to achieve best utilization and
management of HR within an organization (Buller and McEnvoy,; ZBd@st, 2011 A
number of methods and metrics have been proposed for selecting personnel, measuring
and evaluating stafberformance(Beckeret al., 200). Furthermore, the profile and the

size of project teams may change during project execution due to assignment of
different set of roles and responsibilities to them (Huemann et al. 2007). It is apparent
that HR managemeris a quite complex process and the effective utilization of project
HR is critical to project success. Acknowledging that, modern project management
frameworks such as PMBOK (PMI, 2018B (IPMA, 2015, 2006) provide specific
sections in describing methsdtools, processes and procedures that should be followed

in order to identify the required HR competencies and how to utilize them in most
STFSOUADS sl e&d | OO2NRAY3I G2 ta.hY otalLX
the processes that organize, man& > ' yR f SR GKS LINR2SOG G

From the above, it can be deduced that HR management is a complex process as it
involves a great number of different processes that deal with humans and concepts such
as knowledge, skills, abilities, attitudes and peopteraction, that are not always easily
measured and evaluated especially in our days where projects are becoming more and
more globalized and project team members are formed from people with great

differences in their backgrounds.

The first factorthatcad S A RSYGATFASR & | O2YLX SEA( @
LINE2SOG (SIFIYéd ¢KS GSNY Ga{AT S 2F LINRB2SOi
be employed by the project organization. A number of researchers in their studies about
HRM in businesand HRM complexity have identified this as a factor that can affect the
complexity of HRM (Williams, 2002; Geraldi and Adlbrecht, 2007; Muller and Turner,
2007; Hayton, 2003; BosdRekveldt et al., 2011; Fitsilis et al., 2010; Vidal et al., 2011).
Accordirg to Hayton, (2003) this factor was sedported by respondents in his survey
about strategic human capital management as critical HRM factor that affect project
performance, which is something that enhances the validity of this factor. He also states
that firms attempted to find ways to minimize the HRM costs without this affecting the
final product or service quality. In the same line, Wietal. (208 &G G Sisd KI
not favourable that too many team members are assigned to one project inst&fm
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project management, so it is advantageous to minimize the number of team megbers

GKAOK S@OAYOS GKS AYLERNIFYOS 2F Ftft20F0AY:
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absolte factor for measuring HR management complexity. As Daim et al. (2012) state,
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to achievethat canlead to competing lines of authority poor delegation and leadership

problems. Consider a project team consisting of 50 people divided in-grsuips and

another one consisting of 50 people divided in 10-gubups. Which case is prone more

to management complexity? Considering also that usually in eachysulp is assigroe

a different operation to be performed which in turns implies that probably different

types of HR skills required, it is important to investigate the contribution of these two

factors to HR management complexity.

The last factor that is mentioned ihe previous paragraph raises the importance and
necessity to determine the various technical, behavioural and contextual skills that
required to have the various project team members in order to fulfil project goals. It is
evident that as this list becomenger, the load and complexity that falls in the shoulders
of HR managers is increased. It is no coincidence that researchers have include this
factor in their models for measuring project complexity. (Fitsilis et al., 2010; Vidal et al.,
2011).

Projectsby their very nature, are considered as temporary endeavours that are set
up to achieve specific objectives (Diallo and Thuillier, 2005; Turner and Muller, 2003).
The project organization is composed of the organizations that take part in this project
andhence a number of the project staff are coming from the staff of these organizations.
Nowadays, many companies are project oriented and can have a portfolio of different
projects that are carried out simultaneously. This may result in some staff members
working on more than one project simultaneously, even having different roles (Fabi and
Pettersen, 1992Huemann et al.2007). Thus, the number of employees working part
time in the project can be a significant complexity factor as employees may have
different priorities and expectations which entail less commitment and so a greater
uncertainty to a project results. In addition, due to the uniquenegheproject nature
and other project nature related factors it is difficult to complete project staffingeoa

only on internal sources. For that reason, new recruitmamtsutsourcingare common
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practice. However, this adds another layer of complexity in HR management due to
recruitment procedures, incorporation of new staff to existing staff, homogenization

the staff etc. According to Raiden et al. (2004) staffing a project with completely new
personnel can be too risky resulting in the need for extending staff reforming during the
execution of the projectOutsourcing does not implies abdication of managat
responsibilities, on the contraiig a managerial challenge (Fink et al., 201 Qeakcated
management personnel is needed for keep records, schedule and track maintenance
and keep historical records. Furthermore, it is increased the likelihood peaed
overlappgng roles between organizations, exitast, contractual workloadzonflicting
priorities confusion and increased time response to changapuests.The extent of

new recruitmentsor outsourcingaffects the tautness of these processes asduch the

HR management complexity. Modern projects, especially IT projects, operate in a
dynamic environment in which frequent changes both in technological and marketplace
are the mainstream. This dynamic environment and the imperative need of business
organizations to successfully respond to these continuous rising challenges, lead to
continuous changes to HR configuration both in terms of assigned roles within project
and staff turnovers, as well as the challenges of maintaining empléyetisheingand
ethical treatment (Huemann et al2007) affecting significantly the complexity of HR
management process. Thube degree to which project should be initially staffed and
the degree of staff turnovers during project execution are factors that cactfiie HR

management complexity.

Nowadays projects teams are becoming global and in many cases virtual (Daim et al.,
2011). This introduces problems and complexity issues arising from geographical
dispersion, cultural barriers, diversities anhtionality differences. Geographical
dispersion for example, despite the improvements that have been made during the last
years with the aid of ICT technologies e.g. videoconferencing etc., reduces the
opportunities for face to face contacts which is amgahe main factors that introduce
trust between parties. Beyond the culturahd nationality differencesalsodifferences
in ages, gender, background, expertise, personality etc. should be considered. These
factors should be considered by the HRM manageirteam as they can introduce

uncertainty and complexity to the project and affect its performance. The above
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described factors can be incorporated and described with a general wide wording as the

level of project team cohesion.

This multivariate and congx environment in which HRM should be operating,
requires the people, who perform this operation, to have specific competences and skills
such as global thinking, ability to inspire the employees towards common project goal
(Buller and McEnvoy, 20},2sdving problems arising fro Y LJX 28 SS& Qin RA T F ¢
nationalities, cultures etc. abilities in identifying, planning and designing activities that
will help employees acquire knowledge, skills and attitudes that will facilitate them to
be adapted to pragct environment and enhance their performance (Fabi and Pettersen,
1992). It is obvious that such complex operations, require beyorety good education
level in HRM aspects, an extensive and deep knowledge in the subject matteatha
be obtained fromthe long term occupation in the field. This knowledge is called
experience and can help HR managers to take the right decisions that will enhance the
project process. In addition, the need for specialized HRM tools that will support the
HRM operation is@dent. These tools help managers to perform routine i@iens
such as employee recorkeeping, salary and benefit administration, reporting and
distributing of HR information but also to provide statistical analysis, forecasting and
data mining combiningnformation about HR, customers, suppliers and business
operations (Raiden et al.,2004; Dulebohn and Johnson, 2013). On the other hand, these
systems may modify the source and the nature of messages conveyed. This can lead to
negative behaviours towardghose systems as some employees may feel that it is
neglected, by the organization, their personality and vioeling (Stone and Lukaszewski,
2009). However, the importance of using HRM tools for planning, monitoring and
tracking HRM is acknowledged by mamgearchers who suggest various models to
assist those operations (fdng et al., 2006; Chien and Chen, 2008; Wi et al., 2009). In
many cases, these models make use of historical HRM management data along with
statistical and/or fuzzy methods. 3be exigence of historical HRM data beyond their
general use as a useful guide in orderm®reveakd good or bad HRM practices are

important to effective use of HRM tools.

The aboveindicatesthat HRM within a project is a complicated process consisting of
a wide variety of sukprocesses and procedures which require a wide range of

competences, skills and tools in order to be successfully implemented. Based on that, it
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is worth considering that the existence of an HR department within the organization,
composedf people who are focused long term in HRM equipped with the appropriate
HRM tools, could be a more effective solution and could significantly reduce the
complexity of the HRM process than having this process performed by an ad hoc HRM

committee.

Table8 presents the complexity factors identified within project human resource

management processes.

Table8 Identified complexity factors e HR management area

Human resource complexity factors

Size of project team
Number ofdifferent technical, behavioural, contextual skills required

Number of new recruitments required by the project

1.
2
3
4.  Tunover of project staff members.
5 Project not fully staffed
6 Existence of employees working pdirne in the project.
-

Low level ofteam cohesion (Consider geographical distribution, differ
nationalities, cultures etc.)

o

Insufficient HR management experience within project management team

©

Avalilability of HR department or HR services within hosting organization
10. Lack dhistorical HR management data.

11. Lack of tools and processes for planning, monitoring and tracking
management

12. High Percentage of outsourced work within the project
13. Number of project sulgroups within the project

14. Number of diferent types ofproject groups.

3.3.7.Procurement project management area

A simple definition of procurement is that procurement is the process of acquiring or

purchasing the necessary products or services in order for an organization to be able to
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produce another product oservice. This process requires the establishment of some
GellS 2F NBftlIUGA2YyaKALl 0SG6SSy |y 2NBFYAT I
suppliers, for ordering, receiving, controlling and finally approving all the procured items

that are necessary ford2 2 SOl SESOdziA2y & ! &dzl £t &% & dzLJl
using contracts. The primary objectives of the procurement process are to deliver the
necessary products or services according to project schedule, at a minimum cost, and in
accordance with th expected quality. The procurement process can be examined from

the perspective either of the buyer or of the supplier of the product/service. However,

this research examines this process from the side of the buyer since our focus is the
project. Procurerant management includes activities like the requirements planning,
supply sourcing, negotiation, ordering and coordination with suppliers as well as

inbound activities such as receiving, inspection, storage etc. (van der Vaart et al., 1996).

The pocuremen management process cannot be limited to the purchasing of
products or services as it can include much wider operations. It is not uncommon in large
and complex projects for the main contractors to concentrate only on their core
activities, while outsouliag other activities to external suppliers (Miller et al., 1995).
Also, according to Davis (B4 there are often cases that the main contractor distributes
all work to subcontractors, keeping for himself the role of coordinator and integrator.
That turnsthe whole project, from the perspective of main contractor, to a large

procurement process.

In software projects, it is quite common that instead of building the software in
house, in its totality to use commercial dffe-self (COTS) products. The ter®TS
refers to a wide range of software and services that are built and delivered usually from
third party vendors, as individual products. They cover a wide range of software types,
from tools that support code generation to software that provide a spe@ifinctionality
such as databases, word processors, GUI builders, net applications, data analysis etc.
(Morisio et al., 2002)TheCOTS can be purchased, leased or even licensed. As such, the
selection of appropriate COTS is critical to project successevw, this process is
characterized by high complexity (Bali and Madan, 2015; Mohamed et al., 2007,
Wanyama and Far, 200Buhe, 2003). COTS selection process includes two approaches,
one technical in order to understand software package functionality, determine

integration and compatibility issues and another A®mchnical related to core
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procurement issues such as contragyj licensing, pricing and negotiating. (Morisio et
al., 2002) In thisresearchwe are focusing on netechnical issues as we examine the
project procurement management complexity. Under that perspeciivecurement in
software projects is quite similato the procurement process of other projects.
However, from the above discussion it is obvious that COTS selection is not a trivial
process and is strongly affected by the number and variety of items need to be procured.
Generalizing that, we identify tlhathe number/variety of supplies needed to be
procured is a factor that can affect the complexity of procurement management

process.

Another important aspect of procurement process is the selection of the appropriate
number of suppliers which has beenagwined by various researchers (Basnet and
Leung, 2005; Crama et al., 2007). The large number and variety of suppliers increase the
challenges of integrating, coordinating and controlling them with the other project
stakeholders and hence the complexitytbé process (Martinsuo and Ahola, 2010; van
der Vaart et al.1996). As that, we have identified that the number/ variety of suppliers

as a factor that can affect the complexity of procurement management process.

The pocurement process requires the estahment of some type of relationship
between the procurer and the supplier. This relationship is defined by a contract
agreement between them. So, a significant aspect of the procurement process is the
management of contractual agreements (van der Vae®g6). However, in many cases
due to innovation aspects that exists in software projects it is not possible for all the
details to be completed at the time contracts are agreed and as that renegotiations at
later time are very often mandatory resulting probably undesired situations (Lyon,
2000). As that, the existence of a high variety of procurement contract types in a project
consist a complexity factor of procurement process which has la¢smidentified by

researches such as BosRekveldt et al.,2011).

It is generally accepted that continuous and close collaboration is required between
supplier and buyer in projects, especially in software projects (Bali and Madan, 2015;
Mohamed et al., 2007; Martinsuo and Ahola, 2010; Morisio et al., 2002cfieve this,
an integration effort on the systems is required in order to establish common
procedures and IT systems. As such, costly procurement processes will be eliminated

while at the same time visibility wilbe increasel, leading to better procuremet
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decisions. IT automation can improve processes such as spend analysis, sourcing or bid
processes ($&ourcing), contract management, requisition to purchase order process (e
Procurement) and accounts payable procesBégables). The level of automatimrthe
procurement process provided by the number and level of integration of procurement

systems is a factor that can affect the procurement management complexity.

Further, integration implies the existence of trust between procurement parties
which canbe achieved only through a long and successful collaboration between them
(Lintukangas et al., 2009; Bals et al.,, 2009). In the case of a new supplier, the
development of trust is based on evidence related with the quality af/dedd products
and servies. OthelS A RSY OS ' Y2y3 20KSNAR OFly o6S GKS
certification of the supplier, etc. (Flynn et al., 1994). As -Raizes and Mahmoodi
(2005) states, the credibility of suppliers is related with the management of risks that
occurto the project in cases where a supplier cannot meet its obligations. Beyond that,
the initial selection of a supplier is significant and it should be based on its reputation
and/or quality certificates. As that, the existence of new suppliers/subcotdraas
well as the existence or not of various evidence about their product/service quality, are

factors that affect the complexity of procurement management in projects.

A prerequisite for effective collaboration and procurement automation, either with
new or old suppliers, is the definition of clear procurement policies and procedures by
the project organization. Clear procurement policies can assist the compliance with
relevant legislation, regulations and various guidelines and has a significanhoglire
reducing costs, improving quality of services and building on the partnership. Further,
the combination of clear procurement policies with clear procurement procedures
enable staff to understand their role and levels of delegated authority whelyicayout
procurement work which has a significant impact to the complexity of procurement

management.

In order to manage effectively the procurement process, a number of tools and
mechanisms should be established. They should cover the areas of pranirem
performance reporting and tracking, dispute resolution and contract changes both from
buyers and suppliers (PMI, 2013). Specifically, the use of IT in procurements can
significantly change the way procurements are made and allows better integration and

coordination between buyer supplier and more efficient cost management of
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procurements (Dedrick et al., 2008). It is clear that the availability or lack of such tools is

a factor that can affect the complexity of procurement management process.

In orderto be able for an organization to give account of its actions and function
effectively it should keep records. To be specific, procurement and contract records are
important as they serve as audit trails of how the procurement processes was carried
out. They operate as evidence of the actions taken during the procurement in order to
award contracts, monitoring and trace the contract implementation. Disorganized or
incomplete records mean that reviewers and auditors will need to take an excessive
amount of time to locate needed records or even not be able to hold officials
accountable for their actions if needed (PPOA, 2010). In addition, the existence of
procurement records can be used as a gufdesimilar future projects. As that, can be
seen that the &istence or lack of records or in other words of historical procurement

data isafactor that can affect the procurement management complexity.

A critical challenge to the procurement process is the scarcity or unavailability of
supplies or services. Tlssarcity or unavailability can occur because resources are
limited or suppliers are few, due to the cost of acquiring, due to various restrictions that
may limit the possession of a certain resource and can be either temporary e.g. due to
market circumstaces, or permanent (Verhallen and Robben, 1995). Further, due to the
nature of software projects, it is not uncommon for small businesses to produce highly
specialized products that lead to monopoly situations, with all the disadvantages this
entails (Lyon2000). As that, the scarcity or unavailability of project supplies or services

is a factor that affects the complexity thfe procurement management process.

The global distribution of software development projects has become a common
practice today (Lyman et al, 2006). This introduces the concept of internationalization
in procurements under the prism of buying products or services from foreign markets
and as that of establishing relationships with foreign suppliers (Mol et al., 2004).
However this introduces a number of barriers in supply management that had already
been identified early on by Davis et al. (19¥ich identifies the distance between
buyer and supplier, various government policies and regulations and nationalism as
factors that affet the supply management. Quintens et al. (2006), after extended
literature review, identified a number of factors that affect the supply management

process due to internationalization such as the different product standards, delivery
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details, parallel trad, finding qualified suppliers, diverse business practices, image of
origin country, custom regulations, lack of government assistance, language/cultural
differences etc. In addition, there are also restrictions sourcing from project type, e.g. in
public ®ctor projects, that impose restrictions due to legislation and the need specific
formal procedures to be followed that add a level of complexity in project procurement.

Further, internal project restrictions may exist such as software and technological
compatibility issues, e.g. due to backward compatibility, or preferred suppliers that can
add complexity to the procurement process. As that, it is considered that the various
procurement restrictions, is a factor that affect the complexity of procurement

management process.

Procurement management is a complex process where, in many cases, critical
RSOA&aA2ya GF 1Sy INB o0F&aSR 2y [Howsveryhisa SN2
knowledge is not always takem face valueas according to Bals et al. (2009)magers
do not always have exact knowledge of hdke procurement process works. In
addition, Lintukangas et al. (2009), state that fragmented skills lamalvledge in
procurement mangement can increase the costs and risks related to procurement
processesAn experienced management team can preventrotigate these risksOn
the other hand, according to Bals et al. (2009) experiedmagthe positive effectof
building trust between procurementdifferent parties enhancingby this way the
relationshipbuilding between buyeand supplier. As thatwe identify that the level of
experiencethe procurement management team hass a factor that affects the

complexity of procurement management.

The Table9 below presents the complexity factors identified kit project

procurement management processes.

Table9 Identified complexity factors ite Procurement management area

Procurement management complexity factors \

Number/variety of supplies

1
2. Number/variety of suppliers
3

Procurement restriction imposed by external (legislation, regulation) an
internal (preferred suppliers, compatible technology, similar culture) pro
factors
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4.  Percentage of new suppliers/subcontractdesg.first time selected)

Unavailability/scarcity of supplies and/or services
Variety of procurement contract types

Not clear or not existing definition of prascement policies and procedures.

o N oo

Number of contracts or sub contracts must be managed simultaneously

9. Lack of automation withithe supply chain.
10. Lack of historical procurement management data

11. Insufficient procurement management experience within project managen
team.

12. Lack/shortage of tools for planning and monitoring and tracking procurer
processes.

13. Unknowna dzLJLJt A SNXa ljdzZ- t AGe oSod3ad [ O]
market reputation etc.)

3.3.8.Risk project management area

Typically, projects after implementatiomncounter risks that can potentially
challenge progress and successful completibis important at this point to underline
that risk is not a problem by itself, but is the recognition of a problem that may occur.
PMI defines risk as an uncertain event or condition that, if it occurs, has a positive or
yS3AL GADS ST T SDfecived ifis impottaNtHoB eaeD tisR tb be2evaluated for
its probability to occur, its impact on the project progress if it occurs and if appropriate
measures are needed to be taken in order to avoid or cope with its impact on project.
There are sevetaisk sources in a project. For examplee technology used by the
project, the project environment, the relationships between team members, Ete.
decreasingthe probability of project failure, riskshould be identified and carefully

managed throughout project life cycle.

Project risk management is a systematic process aiming to identify risks and manage
them on their appearance by implementing systems and procedures in order to
eliminate, minimizeor control them or their effects in a project (Marceli@adaba at
al.,, 2014). As such, project risk management is an impodspectof project
management (Bannerman, 2008), since it can assist project managers to improve project

control, decreases thehances of project failure and facilitate the decision making
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process. It is essential that project risk management should at least include processes of
risk identification, assessment, prioritization and response planning. The procedures
that the managementeam will use to manage project risks is defined in the planning
stage, documented in the project plan, and then executed throughout the prdifect
cycle The implementation of project risk management incorporates the phases of risk
analysis and quaritcation, risk mitigation/avoidance planning and risk response.
According to PMI, project risk management, in order to support organizational factors,

requires clear roles and responsibilities, and technical analysis skills.

Software projects are considered high risk projects (Charette, 2005). According to
Bannerman (2008), software projects atemplex endeavoursusceptible to failure.
Although there are a lot factors that may lead to these failures, inadequate risk control
is considered as one of the leading factors (Barros et28l04). For that reason, a
number of techniques such as Regression Analysis, Expert Systems and Stochastic
Models, Monte Carlo Simulation, Program Evaluation and Review Technique (PETR),
Analytica Hierarchy Process (AHP), Neural Networks, checklists etc. and approaches
such as PMBOK (PMI, 2013), Capability Maturity Model Integration (CMMI)(SEI, 2006)
etc. were developed in order to help project managers in the identification of various
risk typesand planning risk response strategies (Na gt24l07). However, according to
Dey at al. (2007) there is evidence that project risks are not managed appropriately. This
is due to the complexity of the risk management process. This complexity can be
consicered as a source of risk by itself and should be considered during the project risk
assessment. This research is focusing on risk management complexity and is trying to
identify complexity factors that affect the complexity of project risk management

process.

The initial step in the risk management process is risk identification. Risks could be
both exogenous or endogenous and their origin and type can differ according to the type
of project (Kardes et gl2013). Exogenous are risks that come from projealitical,
economic, social environment, etc. while endogenous are risks that coming from project
operation, project stakeholders, resources, etc. However, due to projects nature, it is
not possible to identify all the risks in advance that may arisendueixecution. As a

result, it is preferable to identify the project areas where risks can occur, following that
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to identify the major risks of each area and finally to manage them separately, reducing

by that way the complexity of the risk identificationggess (Marle, 2002).

According to Marcelindcadabaet al., (2014) during this initial phase managers
should also identify strategic project risks. These are risks that should be examined and
removed before the final decision to start project is takentltesy have a significant
Impact on project and can lead to direct project failure. Also, the existence of other risks
with major impact on the project should be identified in order for immediate measures
be taken for eliminating, avoiding or reducing theansequences. Furthermore, extra
caution should be placed on the possible interactions between risks sourcing from
different areas as the current techniques and methods do not take this parameter into
consideration (Vidal et al., 2009). It is known thait rall risks have the same
consequences in a project. Thus, after the risk identification stage, risk evaluation and
guantification are the next stages in the risk management process. To manage each risk,
appropriate measures should be taken which in taffect the project in terms of time,
cost, quality and scope. Therefore, and taking into consideration the probability of a risk
to occur, its impact on the project should be evaluated and further actions should be
decided accordingly. As that, the numbefr project risk areas, the number of major
project risks and impact of risk responses to project are factors that affect the

complexity of risk management process.

Decisions about the required actions need to be taken to manage project risks,
require thata detailed risk management policy has been defined and that a detailed risk
response strategy has been designed which may include risk elimination, avoidance,
reduction or transfer of risks (Kardes et al., 2013). Lack of or no detailed definition of
riskmanagement policy and response strategy leads to bad or improper actions that sets
barriers to project progress, undermine the project success and complicates the project

risk management process.

Risk analysis and evaluation is a process that shouléfiermed periodically during
the project process whenever changes in the project occur or if a project has a long
duration as a risk status update (MarceliBadabeet al., 204; Kardes et al., 2013).
During this process, it is very likely that the need dbanges in project management
plan will be revealed. These changes may require the adoption of new skills and

knowledge, changes in projects task, for example, in priority and sequence, changes in
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roles of team members, changes in required resources ltavever, in many cases,
these changes cannot easily be made due to various reasons such as contractual
restrictions. Contractual agreements are used to clearly define goals, rights and
obligations between partners and operate as mechanisms that discoanagj@revent
deceptions and enforce trust between parties (Elitzur and Ganvious, 2003; Frenzen and
Nakamoto, 1993)Changes to be implemente@quire good communication between
parties availability and transparencgf information. Further change managem
process istime consuming, and generally restrict the project management plan

flexibility, affecting by that way the project risk management complexity.

A critical factor tamplement risk management successfudlyhe availability and use
of the proper risk management tools and methods. Further, risk management requires
the continuous monitoring of project progress and the monitoring of specific risk
indicators that would act as early warnings about arising risks. Periodically risk reporting
is also finportant in the risk management process, as has already been mentianed
efficient risk response planning requires the effecteenmunicatiorof risk information
to various project members which require the use of appropriate tools to facilitate that.
In general, risk analysis and management tools serve multiple purposes and can be used
for identifying, analysing and prioritizing risks, performing threat analysis, generating
metrics, developing responses, monitoring and tracking risksa plethora ofaailable
tools is availablgNeves at al., 2014; Bannerman, 2008; Schmidt et2801) it is
important before selecting a tool, to develop a risk management plan, in order to select
tools that best support the selected approach in terms of risk analyges (continuous
or onetime), accessibilityinformation granularity needed, support to decision making
and integration with existing tools or processes. Thus, the lack or shortage of tools and
processes for supporting risk management can affect the cexitgl of the risk

management.

Almost all tools or processes used in risk management require the availabdigyeof
about risk, inclusive afhecklists which are a popular method for identifying risk among
project managers (Schmidt et al., 2001). Chetkhre lists of risks that can arise during
project execution and are used by project managers as a brochure to identify risks and
avoid overlooking some risk factoiSeverakuch lists are generic to all projects while

others are more domain specificofthson et al., 2001; Schmidt et al., 2001; Boehm,
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1991).1t is apparent that the aailability of information to project managers from similar
past projects concerning the risks identified, how they were managed, their effects to
the project and the projeabutcome is valuable information in their hands and obviously

affects the complexity of risk management process.

According to Schmidt et al. (2001), most of the risk management methods assume
that managers have the requisite experience to handle risk mgameent. In addition,
according to Bannerman (2008g¢veralresearches identified significant differences in
the way the same risks were evaluated by different project managers according to their
perspective to those risks. Also, he states that differgmtupsof stakeholdergend to
identify and rank higher risks that are outside their own responsibility domain and hence
control. Thus, he experience of the project management tedras a significant
contribution to the way risk management will be planneod executed and hence the
experience of the project management team in risk management is another factor that

affects the complexity of risk management process.

Tablel0 presents the complexity factors identified within project risk management

processes.

Tablel0 Identified complexity factors ithe Risk management area

Risk management complexity factors

Not clear (detailed) definition of project risk management policy and respt
strategy
Number high risk areas / majoisks

1
2
3 Lack/shortage of processes and tools for analysing, accessing, quantifyin
and implementing risk responses

4.  Lack of flexibility of project management plor implementing risk response:

5

6

7

8

Lack/shortage of risk historical managemeata.

Insufficient risk management experience within project management team

Lack/shortage of tools for project planning, monitoring and control.

Existence of risk responses with major impact to project (or Impact of
responses to prect).
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3.3.9.Scope project management area

t N22SOid ao02LS Aa +y |OGAGAGE B6KSNB L
requirements are collected in order to define the exact extent of work that has to be
done during the project. Inadequate project scope definition &zad to delays, cost
overruns and generally uncertainties that will increase the possibility for excessive
changes and reworks during the project execution phase (Fageha and Aibinu, 2012). The
challenge of this task is to bring together different requiemts and expectations of
project stakeholders and as this is not always possible, to find a balance between the
a0l 1SK2ft RSNEQ SELISOGIGA2ya YR 02y OSNya ¢
The criticality and the importance of scope managemsradknowledged by PMBOK,
which devotes one of its ten knowledge areas in describing the processes, the tools and
techniques required in order to have successful management of this project phase.
According to PMBOK, the main processes of project scope raareay are the Plan
Scope, Collect Requirements, Define Scope, Create WBS, Validate Scope and Control

Scope.

A major part of the scope management process refers to the requirements collection
and the definition of the project scope. Requirements collecti® the basis of every
project and asthat, the need for successful definition and management of them
0S02YS& LI NByldGd wSIljdANBYSyGa | NB OFff Sl
transform them to system processes that will satisfies these ndddsafd Wu, 2012).

The process of systematically eliciting, organizing and documenting requirements for
complex systems are kwn as requirements managementeffingwell and Widrig,
2003). Requirements management (RM) definitions vary widely according €o th
domains and to the system it is applied, but usually definitions contains the following
procedures, a) the requirements inception or requirements elicitation, b) requirements
identification, c) requirements analysis and negotiation, d) requirements Speoon,

e) system modelling, f) requirements validation g) requirements management.
(Sommerville, 2006). Due to the heterogeneity of the elements of RM and its critical
contribution to future project success, it is considered as a project activitywsithhigh
complexity (Belfo, 2012). Considering software projects, the whole process become
more complex due to iterative and incremental software development life cycles (Jalote
et al, 2004; Beck, 2000). As such, the requirements management processorg a
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project management process that affects directly the scope, the schedule, the budget

and the quality of each softwamevelopmentprocess.

The requirements elicitation process is the basis of every project. It is the process
during which the stakehoBIND& ySSR&a IINBE 02ftf SOGSR |y
deliverables are specified in order to satisfy project stakeholders needs (PMI, 2013).
Requirements elicitation is dependent on factors such as the projects size in terms of
scope, the numbers of stakelders etc. It is obvious that an increase in the magnitude
of these factors will positively contribute to the complexity of the elicitation process and
hence to the complexity of the whole scope management process. In addition, this
process can be complited by the difficulty that often existén stakeholders in
expressing and specifying their needs (Nuseibeh, and Easterbrook, 2008)chitbe
project size in term®f scope and the number of requirement can be considered as

complexity factors of thecope management process.

It is not uncommon for project stakeholders to have requirements and priorities that
are in conflict with other project stakeholders (Anda and Jorgensen, 2000). For example,
developers, financiers, customers, and project owneavehdifferent priorities and
criteria in determining the requirements that matter to them resulting in a variety of
requirements elicitation sources which in turns affects the complexity of requirements
management process. Requirements prioritization isfusmdamental process of
requirements management and usually of high complexity as it evolves a number of
parameters such as requirements number, importanadatility, ambiguity, conflicts,
interdependencies, but also parameters that expand to all prajestelopment process
such cost restrictions, time restrictions, risk likelihood and impact, resource availability
etc. (Fitsilis et a2010; Berander and Andrews, 2005; Firesmith, 2004). Requirements
can be prioritized according to various dimensions sashequired time or cost, risk
evaluation, business value, volatility etc. In practice the prioritization takes into account
multiple parameters which may be different, related or conflicting and which are
evaluated differently by stakeholders (FiresmitB004). This is because not all
requirements are of equal importance, either considering the overall projects objectives
2NJ GKS AYRAQDGARdzZ ft Qa 202SO0GAGSad | 26STSNE
project stakeholders about project scope, a set odibdimitations should be set and be

accepted. These limitations may be due to the availability of project resources e.g. time,
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budget, human resources, market conditions, legal constraints etc. (Berander and
Andrews, 2005). The goal for successful negments prioritization is to combine the
$ARS NIy3aS 2F ail{1SK2ft RSNNR& LINA2NRGASA
objectives and constraints. An approach to deal with requirements interdependencies
and prioritization issues, is to perform regaments partitioning, which means that
closely correlated requirements are grouped together and implemented in the same
version whereas others are implemented in subsequent releases (Carlshamre et al.,
2001). Today, software projects are usually deliveregugntially in small incremental
releases and not in a monolithic fashion at the end of a long development process, which
makes the prioritization of the requirements easier and allows the planning of project
deliverables according this prioritization. Acding to Stark et al., (1999) there is a
strong relation between the requirements prioritization process and the number of
releases required to implement them. However, as there are numerous parameters and
challenges that must be addressed when priorigrequirements, we consider that
project faced delivery based on requirements prioritization is a factor that affects the

complexity of scope management process.

Most requirements are not isolated but are related in various ways to each other,
causinginterdependences. Carlshamre et al. (2001) in their research found that about
20% of the requirements are single requirements while another 20% are identified as
highly dependedrequirements thatare responsible for 75% of the requirements
interdependence.Requirements independencies are considered to occur when a
requirement constrains the way another requirement is designed or implemented, or
I FFSOGa GKS O2aid 2F AYLIXSYSyalidAzya 27F 2
satisfaction from other regirements (Dahlstedt and Persson, 2005). Requirements
Interdependencies is a factor that usually increases the complexity of the development
process (Rewel et al., 2008; Carlshamre et,a2001). In addition, Giesen and Volker,
(2002) state that for suessful software projects it is essential to understand the
dependencies and correlations of requirements. Therefore, the interdependence of

requirements is considered as a complexity factor of scope management process.

Volatility in requirements is not wuommon in most software development projects
(Kavitha and Sheshasaayee, 2012; Nurmuliani et al., 2004; Stark et al., 1999). Change

management has the critical role of dealing with changes, otherwise they have a huge
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impact in project progress. According $ommerville, (20®) requirements volatility is

the main cause for software projects failure. As requirements are the basis for cost
estimation, project schedule, design specifications any change will challenge the initial
project assumptions and will redye the reestablishment of the agreement between
project stakeholders about project parameters. The volatility in requirements can occur
either due to their dependencies on external factors such as business or market changes,
legal changes, users changetc., or due to internal factors or their nature e.g.
ambiguity, immaturity, etc. (Elwahab et al., 2016; Kavitha and Sheshasaayee, 2012;
Sudhakar, 2005). In this context, it is proposed that the requirements dependencies of
external factors and the regements characteristics causing uncertainty are two

factors that affect the complexity of the scope management process.

The complexity of an information system is determined both by its functional
NEBIljdZANBYSYy(iad 6KAOK RS&ONROG S dts momfuattional G K S
requirements, such as performance, reliability, stability, maintainability usability etc.,
GKAOK RSaONAROGS&a aK2g GKS aeéaisSy akKzdzZR
adf2L2dzAg 2a SG I fdX MPPHO PA D BdAD { dza BEARRA( &
e.g. ambiguity, describing nemnctional requirements (NFR) (Chung and do Prado
[ SAGSES HnngpO® bCwQa NB |faz2 (yz2s6y Ia |dz
YIEyF3ISR aSLINF¥GSte FNRY 20K SrNbniNGitioozo NE Y Sy
customer satisfaction as even if the project deliverable may fulfil all the functional
requirements was set, customers may refuse to accept it because it cannot fulfil their
guality expectations (Rao and Gopichand, 2012). In order tmpkemented, NFRs need
to be transformed through some methods and operations (Chung and do Prado Leite,
2009). However, requirements transformation is not a trivial process as it requires extra
effort need to placed and as any transformation introduce tis& of information loose.
Considering the above it is proposed that the number of-hurctional requirements is

a complexity factor of scope management process.

Nowadays with the huge number of variants of software products being developed it
is not uncanmon to have a set of requirements common between previous versions of
the software product or in a series of related projects (Dahlstedt and Persson, 2005).
The reuse of these requirements can decrease the time, cost and error rate of the

requirements dkitation process in comparison with a project that does not reuse
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software components. However, not all similar requirements can be reused without
further analysis (Knethen et al., 2002). The similarities between projects undertaken by
project organizabns, is a factor that has been incorporated in other models e.g.
COCOMO 1l (Boehm et al., 2000). Based on this and considering that requirements
management in terms of eliciting, analysing, prioritizing, controlling, etc. is a complex
process, it is statethat the availability of historical scope management data can affect
the complexity of the scope management and hence it is identified a complexity factor

of this process.

Modern software product development has evolved as a more complex process, as it
involves increased numbers of customers, end users, developers, product features and
interfaces with other systems, resulting in producing continuously larger and more
complicated products. This has led to a scaling up of the size of a typical softwae proj
which is reflected in the scaling up of the requirements management process, leading
to increased complexity of the requirements engineering process (Wnuk et al., 2011;
Regnell et al., 2008; Boehm, 2000). The identified requirements should be unamjguo
consistent, traceable etc., otherwise they can be evolved to another complexity source
of requirements management. For that reason, the low quality of the identified product
or service requirements should be considered as another complexity factaropks

management.

Information exchange can be between software, hardware, varipespherak
devices, autonomous software systems, humans or combinations of these. Modern
software incorporates a wide variety of interconnections with other systems and in
various forms such as communication, synchronization, data translation, resource
sharing etc. Interconnections should fulfil characteristics such as transparency,
efficiency, security, integrity etc. The identification and management of
interconnections has become an important part of the development process as it
evolves protocols that are usuallyomplex (Dellarocas, 19®7Interconnection is
implemented through interfaces. According to the Cambridge dictionary, interface is a
way or situation where two things come together and affect each other either between
electronic equipment or human and cqmuter. The user interface is a point of
interaction between a computer and a human where data is exchanged using various

forms e.g. text, graphics, sounds, video, movements, clicks, taps etc. Software interfaces
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are a set of functions, procedures and metisothat allows the interaction between
software components or systems. Interfaces can be considered in relation to a project
as internal or external. Internal interfaces concern the way system parts interact with
each other and all aspects are under thetol of project membergWheatcraft, 201Q)
External interfaces should be approached carefully as they may introduce risks due to
lack of standardization implementation, missing or incomplete interface
documentation, unexpectedhanges and generally factors that are beyond the control
of those needing to interface. This entails increased complexity in the requirements
elicitation process. Further, the identification of external interfaces early on, makes it
possible for the idetification of key elements that should be addressed in the
requirements elicitation phas@Nheatcraft, 201Q0)As such, we identify the number of

interfaces with other systems as a complexity factor of scope management.

In orderto deal with requirements management complexity, various tools have been
proposed for managing requirements known as Computer Aided Software Engineering
(CASE) tools (Sommemjl200§. Although these tools cannot be applied to all activities
of requirenents management and in all cases (He and Wu, 2012; Laporti et al., 2009)
they are valuable tools for project managers in managing requirements since their use
can decrease management complexity. Consequently, the availability or lack of

specialized toolsor managing requirements is identified as another complefeityor.

From the above, it is apparent that scope management is a project management
process of high complexity and critical to future project success, both in terms of project
deliverablefunc@ y I f A& yR OdzaG2YSNRA al dAa¥fl OdGA
are available to project managers, the nature of the scope management process is such
that it requires a decisive and critical contribution of a project management team to
ensuresucc@ a ® ! OO2NRAYy3 (G2 .StF2 O6uHnmMHO aNBI dz
AYGSNI OGA2y 06SG6SSy LIS2LX Sé¢d t NB2SO0 Yl vy
increase the commitment of team members to project goals (Khan and Spang, 2011). An
experienced mnagement team can identify flaws, errors, deficiencies, ambiguities,
conflicts etc. and consider the appropriate measures that will insure project success.
Hence, the experience of the project management team in scope management can be

considered as a faar that can affect the complexity of scope management process.
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Tablellpresents the complexity factors identified within project scope management

processes.

Tablell Identified complexity factors ilne Scope management area

Scope management complexity Factors

1. Number of sources for eliciting requirements
Project size

Number of requirements

Percentage of requirements interdependencies

Project faced delivery is based on requirements prioritization

oo M~ W NP

Insufficient scope management experience within project managem
team.
Lack/shortage of specialized tools and processes in defining requirem

-

8. Requirements dependencies from external factors
9. Requirements characteristics causing uncertainty
10. Number ofinterfaces with other systems
11. Number of norfunctional requirements
12. Lack of istorical scope management data.

13. Low quality of product/service requirements specifications

3.3.10. Integration project management area

A project is a complex endeavour which incorporates many different components
which need to be combined and coordinated in order to operate as a single system. For
that reason, the concept of integration which, exists in many other fields such as
mathematcs, Information technology, business etc., is imperative in projects. PMI
acknowledging that, consider integration management as one of the ten knowledge
areas in PMBOK (PMI, 2013). According to PMI, project integration management is
evident in situationswhere individual processes interact. Integration includes the
processes and activities to identify, define, combine, unify, and coordinate the various
processes and project management activities within the Project Management Process
groups. According to #sila et al., (2007) the issue of integration becomes more

imperative in projects where innovation in products and services are present in order to
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projects.

Projects aglynamic endeavours are susceptible to changes, at any of theiestag
due to various internal or é@rnal causes and these changes have considerable impact
in the project process and outcome (Motawa et al., 2007). As that, these changes should
be handlel as early as possible, in order to minimize the negative impact on the project
(Hwang and Low, 2012). This brings up the notion of change management which
includes the processes of reviewing all change requests, approving or rejecting changes,
managing chnges to deliverables, communicating changes and updating project
documentation in order to reduce risks that may occur from these changes. The sources
of project change can be either internal or external. Internal sources can be considered
project organzational issues, such as inefficient communication between project
stakeholders, lack of coordination between organizational departments, various
stakeholders related issues such as modifications to project scope, design errors, poor
communication, poor pject management etc. External sources can be considered as
unforeseeable circumstances, such as economic conditions, legal changes or other

project environment related issues (Hwang et 2009).

Changes are always cause modification, positive or thegan relation to the initial
planning and project implementation process. These changes may affect project scope,
time, cost, quality, human resource and procurement initial planmihgchin turn affect
wide areas of project management and requiresrus to thenresulting in increased
project managementomplexity All changes should be made in a structured way in
order to achieve the minimization of negative impacts to a project or risks that may
occur and be able to gain from possible positive ¢ffeés that, and because changes
are common in projects, the importance of change management in projects is more than
obvious in order for the project management team to be able to identify, evaluate, and
adapt to changes as early as possible and prevesruption of the project progress
(Zhao et al., 2009). According to Motawa et al. (2007) inconsistent change management

can lead to many disruptive effects.

Integration management, as has been already mentioned, aims at bringing different
things togetherto make them something whole and entire. In order to achieve that, the

different elements should have a degree of stability. In projects that means that the
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project scope and requirements should have been defined, in order to be able to create
the plannirg for project cost, time, quality, HR etc. This requires thatrights, duties

and expectations of project stakeholders have been acknowledged, communicated and
agreed and that they have been incorporated in the project scope (McLeod and
McDonnell, 201} This ensures a degree of stability in project scope and requirements.
In accordance to this Hass (2007) has acknowledged the stability of project requirements
as one of the factors that can affect complexity of projects. Instability can occur due to
poor requirements communication, largely undefined requirements and the belief that
requirements can change at any later stage. As that, it is considered that the volatility in
project requirements and the deficiencies in defining project scope and requirenent

are factors that can affect the complexity of integration management process.

As changes in a project are inevitable, not only at the initial stage where the project
design is taking place but even if the design is completed (Li et al., 2011), thetabili
respond to these changes requires the existence of an effective identification and
problem solving mechanism that will ensure the project success (Jiang et al., 2009).
Change management aims at resolving problems when changes occur, forecastgpossibl
changes, coordinates changes across the entire project stakeholders, and addresses the
impact of changes in other areas of the project as in time, cost quality etc. (Hwang and
Low, 2012). The existence of the change management process in projectsaégpeci
software projects which are prone to changes in comparison to other projects due to
their nature, is critical to project success. As that, it is identified that the existence or
non-existence of a welllesigned change management process within gnégion
management is a factor that will affect the complexity of integration management

process.

The identification of stakeholders needs in order to meet project objectives and the
transformation of them into requirements is a difficult and complex piEcconsidering
that stakeholders have different requirements and priorities which can be conflicting
(Anda, and Jorgensen, 2000) and because often stakeholders have difficulties in
expressing and specifying these needs (Nuseibeh, and Easterbrook, 20&djition,
very often, the requirements posed by stakeholders are ambiguous fuzzy, equivocal or
require subjective interpretation (Li at al., 2011). Also, according to Walz et al. (1993)

the understanding of requirements between project stakeholders cactmaracterized
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as an interacting process among project stakeholders which is chaotic, nonlinear and
continuous. That makes an environment where it is easy for conflicts of interest to arise
between project stakeholders. As that, it can easily be conclildadthe diversity and

conflicts of interests between project stakeholders is a complexity factor in the process

of integration management.

The environment in which software projects operate have changed dramatically
during the last decades. This is paped due to two basic reasons, the advances in
hardware and telecommunications and the radical lowering of computing cost. This
allowed the incorporation of systems in our everyday life and activities, both in terms of
hardware and software that has hadsanificant impact in the way we work, entertain
ourselves, and communicate. For example, the great population of smartphones and
other smart devices in comparison to classic PCs during the previous years. These
changes have also significantly affectecsimess. The advances in networks and the
lowering of communications costs for example, has led to a higher level of integration
0S06SSY RAFTFSNBYy(l aedaidSvya Sodod GKS Y2QAY:
All these changes have as common poiné tshift from the standalone individual
computing to highly integrated systems consisting of software, hardware human,
2NHIFYATIFGA2yFE | 3SyiQasz o dzaal. Jhisthasl#ddBoOS & a
changes in the way the software is developed amate importantly to the requirements
of software. Increased functionality, higher reliability and performance and quick
adaptation to market changes are the main objectives for new software development
(Trendowicz and Munch, 2009). That results in incrdaystem architecture complexity
in terms of technology being used, functionality, data management, interface
complexity etc. On the other hand, businesses, in their effort to stay in front of the
competition try to produce products or services that havwe additional significant
degree of innovation either in terms of technical innovation or business innovation. To
succeed in that and at the same time to maintain low project costs and stick within
schedule and maintain agreed level of quality, businessag Ine forced to use new or
unproven technology. It is inevitable that all these factors will have an impact on
requirements quality in terms of requirements definition, stability, ambiguity, clearness
and feasibility. As that, requirements management beesrmore complex and hence

a degree of complexity is added in the integration management process. Consequently,
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it is identified that the project technical / business innovative, the system architecture
complexity and the new or unproven technology beingdisre complexity factors of

project integration management.

The external project environment is a significant source of uncertainty, as usually
situations that occur are beyond the control of the project management team, especially
for software projectswvhich are projects with many interactions and dependencies and
need to operate in a continuously changing environment. THioamarket, for example,
is the most critical factor in developing commercial software projects as market
conditions are changing $a and the need for changes in the project scope or
requirements can occur anytime (Kwak and Stoddard, 2004). The technological changes
that may occur during project execution may result in great changes in product /service
design in order to maintain it1odernity, competitiveness and effectiveness. Changes
in the economic environment is also another factor that can affect a project either in
terms of financial viability or budget changes. Legal changes can result in project scope
changes in order to confm to the new regulations and laws. As that, the uncertainty
in project product development caused by external factors is considered a factor that

affects the complexity of project integration management process.

Modern software development projects aremplex as they have to satisfy a great
number of requirements in order to produce high quality systems that will meet the
aldl1SK2ft RSNR&a SELISOGlIdAz2zyad ¢2 | OKAS@S i
KFgS 06SSy RS@OSt2LISR adzOKYZl am py KD T & axLIANIL
RSOSt2LIYSyd Y2RSt¢ o0.S01 SG ft®dX wnnamo Si
systems by moving through clearly defined phases in an incremental way. Software
development projects have to satisfy a great number of regmients that cannot be
controlled all at once. To cope with this situation, modern software product /services
are developed in an iterative/incremental way and are continuously improved during
GKS LINRP2SO0Qa fAFS 0OeOf So andKpridritizatibnfo ¢ a
requirements, adds flexibility to the project in order to adapt to market or condition
changes, reduces the possibility of rework, enables early conflict resolution, better
control and management of project time and cost. All these strongly related and

affects integration management. As that, the way the project deliverables are controlled
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and delivered and the number of project intermediate deliverables are identified as

complexity factors of integration management process.

Accoding to PMBOK (PMI, 2013) the basic technique that is used in change
management and general in integration management is expert judgment. This
GSELISNIAaSE Oy 6S | OKASOSR dzaAay3a aLISOA
obtained during a mamgers workng live. Expert judgment is used to assess the various
inputs of integration management, produces the project execution plan and manages it.
The above operation is performed by the project management team. To achieve better
possible results in their job @y need to have as much information as possible and at
that point the existence of integration data from previous similar projects is important.
Although expert judgment is widely used, it is a serious disadvantage. The human mind
cannot process the greamount of internal and external factors that influence project
progress. In addition, continuous monitoring and effective analyse of project progress
data is needed, in order to achieve a better view of project progress and to be able to
identify as earlyas possible project flaws and hence the need for modifications.
Therefore, a number of frameworks and tools were developed to support either the
project integration process as a whole or components of this process such as change
management (Hwang and Lo20Q12. In accordance to these, it is proposed that the
lack/shortage of historical management data, the experience of the project
management team performing integration management, and the availability of tools for
supporting integration manageent, monitoring and measuring project performance,

are factors that affect the complexity of integration management.

Table 12 presents the complexity factors identified within project integration

management processes.

Tablel2Identified compexity factors irthe Integration management area

Integration management complexity factors ‘

Project technical /business innovative
System architecture complexity

1
2
3. Not fully defined project scope and requirements
4. Volatility in projectrequirements

5

Lack/shortage of histocal Integration management data.
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6. Insufficient integration management experience within project managen
team.
Uncertainty of project product development due to external changes

8. Lack/shortage of tools angrocesses for supporting change management
9. Lack of change management processes

10. Lack shortage of tools for monitoring and measuring performance of va
project stages
11. Number of intermediate deliverables

12. Control of delverables.

13. Diversityand conflicts of interests of project stakeholders

14. New or unproven technology being used

3.3.11. Stakeholders project management area

¢KS O2yOSLIi 2F adl(1SK2t RSNAQ YIylF3aSySy
(Freeman, 1984 However until relatively recently an investigation related to the
applicability of stakeholders management theory to real word projects has not been
taken place (Mitchell et al., 1997). During the Igsars,it became common that a key
issue in projecssuccess is the identification of project stakeholders and their role in
projects (Yang et al., 2011; Achterkamp and Vos, 2008) in order to achieve a successful
project outcome. Following this common view and acknowledging the importance of the
aidt 1S K gdn&y8ne in projectPMIin its fifth version of PMBOK (PMI, 2013)
ONBIFGSR I ySg LINR2SOG YIylF3aSySyd FNBI RS

¢KS GSNY dadl {SK2f RSNEé NBFSNB (G2 SAGKS
influenced by a project (Jepsen and Eskerod, 2009). PMI expanding this approach defines
project stakeholders as users, groups or organizations that can affect, be affected or
perceive themselves affected by a decision or activity or outcome of a project. Bourne
(2016) defines stakeholders as individuals or groups that can influence the success or
FIATdzZNB 2F |y 2NEBFYAT FGA2yQa | Ol mydhoseA Sa o
groups, to analyse their impact on a project and to develop the appropriate strategies
to enable and control their engagement to project decisions and execution is called
air1SK2f RSNR&a YIFIylFr3sSySyidoe {dGl1SK2f RSNRa
ail 1SK2f RSNDa NBljdzSadas SELISOGEFGAZzYaE |yR

83



project environment of uncertainty and complexity which make this effort more difficult

(Turner and Muller, 2003).

¢KS FANRG adSLI Ay aidl \ S wxtHitatos & gojecy | y | 3
stakeholders. It is critical at this stage for the project manager to identify all project
stakeholders early on, to analyse their level of interest (Karlesn, 2002), their
expectations, their importance and influence to the proje¢bgng, 2006). By the same
token Kolk and Pinkse (2006), consider the identification of nature of stakeholders, their
influence in project decisions, operations and implementation of different strategies, as
the core themes in initial steps of stakeholdemmagement. Failure to identify all
stakeholders and/or underestimation of their ability to influence the project can lead to
unexpected and problematic situations that can undermine the project success
(Achterkamp and Vos, 20P8n order to identify projet stakeholders, various methods
are used either in form of brainstorming, which participants are asked to name
stakeholders or asking specific persons to identify the stakeholders by asking them
specific types of questions or using lists of possibleestaklers (Jepsen and Eskerod,
HandT ! OKGSNY YL YR +#2&3% HAanyod 'y Ay(dSs
ARSYUATAOFIGA2Y A& GKS aidl1SK2ft RSNBQ OF (S
of stakeholders by those who can affect the jeicd and those who are affected by the
project (Freeman, 1984). Clarkson (1995) divides stakeholders into primary and
secondary and suggests that more attention should be mlareprimary stakeholders
as they are essential to projects. Mitchel et al. (Zp%uggest that stakeholders
categorization should be based on three attributes: power, legitimacy and urgency.
Another approach is to categorize stakeholders using a power/interest matrix (Johnson
and Scholes, 1999). In the same way, Bourne and Walk@b)2liggest the use of the
impact/interest matrix to categorize stakeholders. Olander and Landin (2008) base their
I LILINBF OK 2y (GKS adl 1SK2f RSNDRa LRaAdGAz2y 0
stakeholders: those who actively support it, passiglpport it, are not committed to
it, passively oppose it and actively oppose it. From the number of different approaches
YSYGiA2ySR 02@0S Al OFly 0SS 02y Of dZRSR GKI
process. In fact, it is a complex and crugigcess of stakeholder management as this
classification will be the guide that project managers will use to implement strategies in

order to enable stakeholders to the project, to share the limited project resources
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among stakeholders and to design aypeent back strategy for them, not necessary in

0KS YINNRg asSyasS 2F GSN¥Y aLIevYSydaész |a
reward now or in the future (Jepsen and Eskerod, 2009). It is apparent that the number
2T RAFTFSNBYy (G ail 1 tdoz thdk SaNEifact tielconpEx@yNK thed A &
a0 1SK2ft RSNAQ YIylF3aSYSyid LINRPOS&aasz a4 &daAa:
2011), and as such it is identified in this research too as a complexity factor of

stakeholders management area.

Differenta G {1 SK2f RSN&E yR adl {1SK2f RSNAEQ OF 4GS
of project success as they usually have different criteria. (Davis, 2014; Turner et al.,
2009). The existence of stakeholders with conflicting interests or with negative attitudes
about the project are factors that can add complexity to the stakeholder management
process (Bourne, 2010). As that, extra measures should be taken and specific actions
should be implemented, in order to blunt the conflicts and change their attitude about

thS LINP2SOG>X ¢gKAOK Ay GdzZNYy TRR | fF&@SN 27

Many researchers (Bourne, 2010; Yang et al., 2011; Olander and Landin, 2008; Jepsen
and Eskerod, 2009; Meintjes and Grobler, 2014) identify the need for applying specific
stral SAASa Ay adl 1{SK2ftRSNBRQ YIylF3aSYSyid Ay
identification, prioritization, characterization, impact analysis, relationships
management, communication and engagement monitoring as the most significant in
this process. Lack dflear strategy in managing stakeholders will slow the project
LIN2OS&da FyR ¢gAff SyYyR dzLJ Ay | O2y(Aydz2dz
and Landin, 2008). Further, the use of structured methodologies and tools at every stage
of the stakehold&lDa Y| yIF 3SYSyid A& AYLRNIFyd G2 a
HAMAU® ¢KSNBTF2NE>S GKS 101 2F aLISOAFTAO al
of use of structured methodologies inthe various 8y 2 F a il { SK2f RS N&

are considered thatdd another layer of complexity to the management process.

A key element to any strategy followed for effective stakeholders engagement and
a0F1SK2ft RSNBAQ NBfliGA2ya YIyF3aSyYSydas Aa
stakeholders. This allow to set comma@oals, objectives, priorities, negotiate their
RAFTFSNBYOSAaQ yR 3ASySNIrtte G2 YIl;ywouAlS GKS
2006T !+ fd2ySy S Ff®X HnnyOd talL 6uHnmoy O

point in the process of the stake®ISNE Q Y I yI 3SYSyid Fa GKS YS
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all1SK2f RSNDa ySSRaAX NBIldZANBYSyGas |yl e;
in a positive way, considering their engagement and attitude towards project success.
Lack of communication can becomieet starting point for opposition to the project
(Olander and Landin, 2008). The existence of barriers in communication between
stakeholders that are caused either jpgychologicalcultural, physical or environmental

barriers can severely complicate thenemunication process, adding another layer of
O2YLX SEAGE (2 &idl1SK2ftRSNAQ YIylF3SySyid LI

Table 13 presents the complexity factors identified within project stakeholders

management processes.

Tablel3Identified complexity facts inthe Stakeholders management area

Stakeholders management complexity factor ‘

1. Number of stakeholders
2. Number ofdifferent stakeholders categories
3. Existence of stakeholders with different/conflicting interests
4. Existence of stakeholders wittegative attitude about the project
5. Lack of structured methodology and tools in stakeholder manager
(identification, prioritization)
6. Lack of specific strategy to enhardi I | S KehdageSdhkt@®project

Existence of communication barrierstise@en groups of stakeholders

3.4. Technical software development complexity factors

It has been mentioned in previous chapters that as IT technology evolves and
becomes part of every aspect of our everyday life, the demand for more powerful and
reliable software becomes a necessity. However, this leads to software programs
becoming larger and more complex in terms of development and maintenaksa
result, almost half of IT projects cannot fulfil their initial requirements in terms of time,
cost andquality (Bold et al., 2017; Altahtooh and Emsley, 20IIMe consequences of
the increased software complexity has been identified and studied early on especially
from the aspect of cost. (Boehm, 1981). Beyond cost, the impact of software complexity
has alsobeen identified in other aspects of software project development such as

schedule delays, quality deficiencies and increased error rates (Banker et al., 1989). It is
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not surprising that some experts state that software are the most complex entities
amongthe human products (Brooks, 1995). According to Jones (2000) projects are
usually affected by 20 major factors while software projects are affected by almost
250 factors. The complexity of software projects is multidimensional and according to
DaWei (D07) the fact that it is created over time makes it difficult to be defined and
measured. There are various attempts and approaches to measure software complexity
such the Lines of Code (LOC), McCabe Cyclomatic Complexity etc. However, these
attempts focuson the complexity of the product and not the complexity of the whole
project process. This research focuses on studying software development complexity
from a most holistic view. It will identify factors that affect the whole software
development processbased on various properties of the software system being

developed.

One of the most acknowledged factors that affect software development complexity
is the software size (Banker et al., 1989). Many approaches in evaluating software
complexity are basedrosize e.g. LOC, McCabe cyclomatic complexity etc. Software size
has also been a major estimator in many software project estimation models, either
concerning cost (Boehm et al., 2000) or effort (Jiang and Naude, 2007) or productivity
(Wagner and Ruhe, 280Trendowicz and Munch, 2009). Therefore, software (code) size

is identified as a factor that can affect the complexity of software development process.

Data and database size are also important aspects of software development (Wagner
and Ruhe, 2008; Tnelowicz and Munch, 2009). As the software increase in size, the
data required to be manipulated increases also, leading to a significant increasein back
end development complexity. The higher amount of data appearing in a database the
higher number of redtionships, constraints, views, triggers and data entry forms needed
to be defined, resulting in an increased database size, affecting the complexity of the
database in terms of development effort (Mishra et al., 2010). Therefore, it is considered
that the size and complexity of the application database is a factor that affects the

complexity of software development.

During the last decades a humber of programming languages have been developed.
Starting from low level programming languages to the modeuntfoor fifth generation
programming languages, a great number of programming languages were developed.

They cover a wide area of software development domain, from general purpose
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languages to languages designed to enhance the development of specific di/pes
software, in order to facilitate programmers work. The main feature of ‘egiel
programming languages is that they provide a strong level of abstraction to the
programmer, allowing the use of natural language elements and hiding the technical
detailsor even automating the implementation of specific parts of code that will be
executed by the computer hardware. This results in less code needing to be
implemented and, as that, to easier development and debugging. However, the
importance of programing feguages in software development has been questioned by
some researchers such as Brooks (1987), as he stated that the coding phase is only a
small proportion of the total software development process and as that, it cannot
significantly affect software del@ment. However, the role of programming language
generation in software development has been identified over time in various other
researches (Harrison and Adrangi, 1986; Church and te Braake, 2001; Jiang and Naude,
2007). Aghat, the selection of progaming language generation being used is identified

as a factor that could affect the complexity of software development process.

As the complexity of software development was increasiag-development
engineering tools knowre.g. CASE toojscode testtools, Integrated Developer
Environments (IDE) toolgere developed in order to support all aspects of the software
development lifecycle. They offer quicker development phase, reduction of defects,
savings in required resources and a higher degree ofdstia@ization that increase the
possibilities of software reise (Zea et al.,, 2016 However, despite the improvement
they offered in product quality, documentation quality, development procedures,
system standardization and adaptability their effectivengsse questioned as they
RARY QU 2FFSN) 0KS NBIjdzZANBR 02240 Ay LINERA
tools Jiang and Naude, 200%yari, 1996;). The main causes for this situation were
identified as the tools complexity, the requirements foritiag in their use and the
resistance of developers to adapt new development approaches because they consider
that new approaches will be more lengthy and complex (Jiang and Naude; 2007) than
the traditional. Despite all these, nowadays CASE tools cover a wide area of software
development providing an automation in designing, documenting, developing of
computer code inthe preferred programming language and carrying out system analysis

and optimization (Berdonosov and Redkolis, 2011). According to Glsliaggrino et al.
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(2010) it very common for a developer to work with several tools at the same time,
which in additiondoes not always allow flawless data interchangeable between them.
From the above it can be considered that the use of CASE tools has a great influence in
software development either positively or negatively andgash their use is considered

as a factothat may influence the complexity of software development process.

The continuous rapid changes in technology, the increase in software size and scale
and the high number of requirements, functional or nfumctional, that modern
software is required toincorporate, makes it necessary to adopt a development
processes that is manageable, predictable and not chaotic. Because of that, a number
of software development models were introduced in order to provide a formal set of
procedures or best practices, an abstract level, that can guide the software
develgppment process (Sommerville, 2006Such models are the Waterfall model,
Incremental model, Agile model etc. The use of an appropriate development model,
especially in large or complex projects, can erdgathe development process and its
outcome (Butler and Fitzgerald 1997; Kim and Peterson, 2003; Peterson et al., 2002).
Although the use of such models does not assure the project success, the lack or
inappropriate use of such models can lead to increassH failures (McLeod and
MacDonnel, 2011) in software development. Therefore, the use or not, oflureivn
and modern development models is a factor that can affect the complexity of

development process.

The close relationship of hardware with softwanests from the era of the first steps
in computing, where software was developed for a specific type of microprocessor and
was strictly dependent on it. As decades passed, this changed dramatically, but there
are always cases in which the software bedwyeloped will be embedded in the
hardware or strictly related to it. This is a factor that can significantly affect the software
development lifecycle in case it requires the concurrent software/hardware
development. The main barrier in concurrent softeatevelopment is the instability of
requirements (Blackburn et al., 2000). This is due to complex interfaces between
hardware and software that makes changes in one affect the other. Also, the nature of
hardware development makes it less flexible to chages that would require a great
amount of rework and redesign. Further, hardware usually cannot break into smaller

parts that can be developed separately in order the early testing of them to be made
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easier, as can happen with software. However, thetemce of tight timeto-market
restrictions forces hardware and software developers to work concurrently. This
requires special techniques in development to be applied e.qg. virtual prototyping, virtual
platforms, in order for the necessary synchronizatioorcurrency in development and
flawlessly operation to be finally achieved (Teich, 2012). As that, it is considered that the
need for concurrent hardware development is a factor that can affect the complexity of

software development process.

The idea of aftware reuse is quite old and is going back decades. That is because
many believe that software reuse provides the chance for big saving, shorter lifecycle
software developments and increased productivity (Paliwal et al., 2014; Blackburn et al.,
2000; Polin, 1994). This is the reason of the existence of a wide range of software
products or services called Commercial of the Self (COTS) that can be purchased and
used with or without customization by developers. However, the development of
software componerg for reuse requires the adoption and implementation of specific
characteristics that the software components should haveulin (1994), after an
extended literature review, identified a set of attributes that a reusable software should
have. These are:ase of understanding, functional completeness, reliability, good error
and exception handling, internal information (implementation) hiding, high cohesion,
low coupling and portability. These attributes seem to be still over time as Paliwal et al.
(2014) state that understandability, maintainability, adaptability, coupling and cohesion
are the main properties that affect the reusability of a software. It is apparent that
emending these properties into a software is not easy, resulting in increased software

development complexity.

I 02YY2y NBI dza NSBftwargidifor BTt operat® dvér @ umber of
different platforms either in hardware or in software. This may concern the
simultaneous development of software for different platforms or the timearsp
between major changes. Software portability and platform volatility have already been
identified as affecting the software development cost (COCOMO Il), productivity
(Wagner and Ruhe, 2008) and development effort (Jiang and Naude, 2007). That is
becausdhe target system are they determine the characteristic of software that should
be implemented by the developer. Mainframe computers, midrange computers

personal computers and various operating systems have different characteristics that

90



require more effot by developers in terms of repeated work in building and testing all

these platforms (Jiang and Naude, 200%)cording ta ¥ f ®talS (2016) the challenge

is how to retain software efficiency, scalability, maintainability and readability of

software in different and heterogeneous platforms as many times there are

contradicting requirements e.g. use of low level languages for better code vs an
abstraction level for software portabilityTherefore, the software portability and

platform volatility is iéntified as a complexity factor of software development process.

Reliability is another important property of software. According to IEEE @BE®)
G{2F0o6I NBE wStAlFLoAftAGEE A& GUKS LINRPOIFOATA
systemforasp OA FASR GAYS dzyRSNJ AaLISOAFASR O2YyRAL
characteristic compared to the reliability of other systems which is that it is not
dependent on time meaning that software cannot wear out during its life cycle (Kaur
and Bahl, 204). That means that software errors are created during software
implementation or due to modifications or due to various hardware failthe$ cause
software corruption and not due to its use. The close relationship between software
complexity and softwae defects have been investigated by many researchers (Rizvi et
al., 2016). @ increase software reliability is to add redundancy using various fault
tolerance and error handling techniques, which however in turn increases the amount
of code in software ah, by that, the complexity of the development. (Gupta and Kumatrr,
2015; Lew et al., 1988). Consequently, the required software reliability is a factor that

can affect the complexity of software development process.

Modern software development is a complgsocessas it must satisfy a high number
of aspects and requirements in order to fulfil its expectations. To achieve that, a careful
design of the software and software development should be made. Rehder et al. (1997)
state that different designers wiiroduce different designs and solutions for the same
problem. This means that a unique route to reach software development targets does
not exist. The first step in software design is to understand the problem that the
software system should solve and iantinuation, to define the specifications of the
design. MacCormack et af2003 identifies two main types of specification, the
GCdzy OtA2ylf NBIAdANBYSyGa ALISOAFAOFGA2YE
G2N] YR (GKS a5Si12AYHR RECHRAAYRIALBOMFIDO!| A
structures and outlines the algorithms that will be used. In the same research, it is
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identified that the completeness of the design can significantly improve the productivity
of the software development and dease the error rates even in a smaller function.
Productivity increases as high level of design completeness offers a clear plan to
programmers of what should be coded, reducing by that way the need for rework and
incompatibilities between various code mdda. Therefore, the completeness of design

is identified as a complexity factor of software development process.

Software architecture, is a highvel representation of the software system that
defines its structure and interactions of its internal compats and the interactions
with the envirorment (Gustafsson et al., 2002). Architecture is a core part of a software
system and has a critical role in the successful development and evolution of software
systems (Slyngstad et al., 2008). During the risdyais phase, a number of risks are
identified that should be mitigated by the system architecture. Mitigating risk requires
changes in software architecture in order to reduce the possibility of a risk to appear or
reduce its impact. For example, changitige authentication method from classic
username/password to a method based oryptographycan significantly increase the
security of authentication. However, it is a more complex approach that may require
extensive changes. If changes affect the softwarehitecture, then the initial
architecture model should be updateatiding significant complexity (Broniatowski and
Moses, 2016)The changes in software architecture in order to deal with architectural
flaws is a complex process as it affects multipledmies, systems etc. which may have
implemented or are managed by different teams. In order to understand changes and
their impact, it is necessary to provide developers with a detailed view of changes, with
their requirements and impacts on a system be@ushanges can increase the
architectural complexity and introduce new risks (Williams and Carver, 2010). As that it
is considered that the architecture risk resolution is a factor that affects the complexity

of software development.

Flexibility is defineds the property of a system that measures system tolerance in
unplanned modificationsHink et al. 2017Rort and Huang, 2003). System flexibility is
reduced by late lifecycle changes that affect the initial design of a system. Late changes
can occur dueto various reasons such as changes in user requirements, market
conditions, project environment, technology changes etc. When late changes occur

usually there is not enough time to fully evaluate their impact on software architecture
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resulting in increasg possibility of flaws and increased difficulty in future changes
(Williams and Carver, 2010). Therefore, low development flexibility is considered as a

factor that affects the complexity of the software development process.

The outcome of a software prgt is a software product or a service. A number of
researchers identify the close relationships between software product complexity and
software project complexity (Fitsilis, 2009; Schaffer and Schleich, 2008; Williams, 1999).
The assessmenbf software product complexity is made by models that are rely on
measuring aspects of software code. However, according to Sharma and Kushwaha
(2010), this is not a helpful if we would like to have a proactive approaaksessing
complexity, as softwareode is produced at late stages of software development.
Further, these models are mainly interested in measuring technical aspects of the code
for example the number of code lines, the number of control paths, the number of
operators and operands etc. lorder to be able to make estimations about product
complexity at early stages, even before analysis and design has been carried out, we
should focused on identified requirements both functional and #iamctional (Sharma
and Kushwaha, 2010). Functionaljuerements describe what a system should do,
referring to technical details, data manipulation and processing and other specific
calculations. Functional requirements determine the product functional complexity that
should be resolved by the software codeOn the other hand, noifunctional
requirements, which are also known as quality requirements, describe how a system
works in terms of performance, security, reliability, maintainability e@hung and do
Prado Leite 2009; Mylopoulos et al., 1992). Tlaistence of large number of nen
functional requirements, their degree of importance and the compulsion to implement
them, can add a high degree of complexity in software development process (Keshavarz
et al., 201). Furthermore, norfunctional requiremens very often do not taken into
consideration at the early stages of design although often affect system architecture
more than functional requirements (Khan et al., 2B).@ herefore the required product
functional complexity and the number of ndanctional requirements are identified as

factors that affect the complexity of software development process.

Today, software is everywhere, in every aspect of our everyday life and the concern
for security in computer systems and networks is an important maktatr continuously

increase (Sali and Kamnani2012; SchneieR000; Stallings, 1999). Organizations store
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private or sensitive information in their computer systems which are being increasingly
exposed to threats due to their connectivity with variouther systems e.g. through
Internet. According to Allen (2007), the security of computer systems and networks is
strongly dependent on the quality and security of their software. Security requirements
are very often in tradeff with the functional or norfunctional requirements of the
software which makes them difficult to analyze (Bresciani et al., 2004). To develop a
secure software system, two basic security aspects must be considered. Security during
development and security during the operation of tegstem (Allen, 2007). Usually
security is considered as part of the software development issues only at the later stages
of software development as supplementary e.g. firewalls (Khan and Zulkernine, 2008).
This leads to software vulnerabilities that in tutead to increased reworks that are
costly and may lead to schedule delays. Therefore, the consideration of software
security aspects should be made during the whole software development and for that
reason a number of tools and approaches have been duced to support this
(Mohammed et al., 2017). However, the early stage incorporation of security aspects in
software development is a painful and tireensuming process that requires software
and security engineering expertise which are not always avai(@vesciani et al., 2004).
Consequently, the software security requirements and constraints are considered as a

factor that affect the complexity of development process.

The cognitive level of software professionals, in terms of knowledge, experience,
expertise, and other skills, can influence the software development process and its
outcome, especially due to its complex nature (McLeod and MacDonell, 2011). Software
development teams are formed in order to satisfy the project specific characteristics an
requirements for knowledge, expertise, and experience, by taking into account the
availability of those resources, and usually are dissolved after the project completion.
According to Faraj and Sproull (2000), the most important resource in softwaecsoj
development is expertise. This expertise could be either domain or technical expertise.
Technical expertise is required by programmers in order to be able to quickly produce
efficient, effective and error free code, while domain expertise is requisethose who
design the software architecture and deals with also management / marketing subjects.
The extensive knowledge dhe application domain is important for the successful

implementation of large, complex software projects in order to be ablenterpret
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domain specific requirements (Curtis et al., 1988). Therefore, the level of technical
expertise and the level of domain knowledge that exists in the development team are

identified as factors that affect the complexity of software development.

Table 14 presentsthe identified software development technical factors that affect

software project complexity.

Tablel4 Identified complexity factors ite Technicabspects ofoftware development area

Technical softwaredevelopment complexity factors ‘

Size of application database
Developed for reusability
Software (code) size

Low development flexibility

1

2

3

4

5. Architecture risk resolution
6 Platform volatility, software portability

7 Completeness of design.

8 Hardware concurrent development

9 Lack /not use of software tools that aid the development
10.  Programming language level/generation

11.  Not use of welknown and modern development models
12.  Required high software reliability

13.  Product functionatomplexity

14.  Number of norfunctional requirements

15.  Number of security requirements / constrains

16.  Low level of technical expertise of development team

17.  Low level of domain/application knowledge of development teams

3.5.Summary

In this chaptey the literature review and the rational for selecting thepecific
complexity factors for each one of the software project complexity dimensions

identified in this research werpresented.

In the nextchapter,the researchapproach, the research designethodology, the
various methods and tools that were used in each step and the reasoning for their

appropriateness of their selecticare presented.
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4. Research Approach, Design and Methodology

4.1. Introduction

This chapter presents in detail the research approach, strategy, design and methods
followed to deal will the research problem set. Initially the approach is presented and
the main aspects of this approach are discusSdte aopted research strategy and
methodologyare presented in order to implement the described approa€Emally, the
discussion herein focuses on methods, tools and techniques necessary in the
5AAaSNIIF A2y Qa NBaSFNOK LINRPOSaasSa yR R

4.2. Research aims and Objectives

Before presenting our approachit is important torecall the aims and objectives
described in Chapter 1. In brief, the aim of this research is to define the concept of
complexity in software projects from the perspective of the project management
process and todevelop a complexity framework able @ssessthe complexity of
software projects. The framework will consist of a suitable complexity typology, a model
for measuring complexity of software projects and the design of a software tool that will
used to devéop complexity models, aiming to assist the practiaasessmentof

software project complexity.

The overall scope of this research is to provide a framework for understanding,
managing and measuring project complexity which is well matched with the vegscpr
managers are approaching software projects. The goal is to determine the sources of
complexity, which appear within the management processes and affect them causing

management misfires that challenge the success of a project.

4.3. Proposed complexityypologyand assessmerdapproach

The approach of this research in assessing software project complasityt is
described irthis sectionand in section 2.3is a holistic approach. By the term holistic,
we imply that this research is attempting at buildia project complexity framework

that incorporates all project management areas and allows project managers to assess
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the complexity of projects even at the early stagéDamasiotis and Fitsilis, 2014
Furthermore, this framework will be accompanied byodtware tool, which automates
the whole process, and makes the framework easy to use while revealing its strengths

and advantages.
The key elements of this effort are the following:

1. To approach project complexity through the different perspecioé project
management and to define the dimensions of project complexity that are

compatible with this view.

2. To select an appropriate project management framework. As complexity affects
the execution of project processes, this research is going to use a proassd
management framework for identifying the complexity aspects within project

management processes.

3. ldentify the complexity factors. To achieve that, the complexity sources in the
project management procesand in technical aspects of SBRould firstbe
identified. This will allow the determination of the complexity factors sourcing

from these processes.

4. Determine complexity assessorsBased on the identified complexity factors,
appropriate complexityassessorthat satisfy a set of requirements suab, being

reliable, easy to use, consistent and independent should be determined.
5. To create a composite index fassessinghe complexity of software projects.

The overall approach to measuring project complexity can be seen in Higure
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For achieving the above stated objectives, PMBOK was selected as the reference
project management framework (see Chapter 3). However, since the focus of this
interest is particularly thesssessmen2 ¥ & 2 F (i ¢ | ¢dliplekidiyih 2d8liton & Q
theseten project management subject areas, another area is added, including factors
that cover aspects of software project development not able to be captured by a generic
framework. The result is the formation of a complexity typology that has eleven

dimensionsThe Figurd 3 presents the proposed complexity typology.
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Figurel3 Proposed software project complexity typology
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The advantage of the proposed typgy model is that it consistof two major
Y2Rdzf S&d ¢KS FANBUO Y2Rdz ST yIFYSR adal yl 3¢
aimed at capturing the management aspects of project complexity that challenge the
4dz00SaaFdAZd LINRP2SO0G YIlIyl3aSySyioe ¢KS &aSo02
a 2 R dADSMod) captures the project complexity sourcing from the particular project
domain. This dichotomy makes the proposed model flexible, adaptive and easily
modified in order to be adjusted to various project types. Managers need only to detect
the domain pecific complexity characteristics that will form the DCMod module as it is
usually similar for all projects following the PMBOKiagement framework. The notion

of the proposed model is presented in Figl

Project
mnagement
complexity

(PMBOK
categorization)

Project

complexity
typology

Domain
development
complexity
aspects

Figurel4 Proposed Software Project Complexity Typology

4.4. Research design and methodology

The design Dthis research is inductive, exploratory and divided in three phases. In
the first phase, the aim is twofold. Firstly, to develop a clear concept of complexity both
for projects, in general and in particular for software projects. This is done by idegtify
possible gaps and deficiencies and propose alternatives that addresses these problems.
Secondly, to determine a list of complexi#gsessorsuitable for software projects

based on the proposed approach.

The first phase includes the determination tfe appropriate methodology for
achieving this aim. Initially, a literature review will be done to determine the notion and

sources of complexity in software development management process. Through this
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review an initial list of complexity factors affectisgftware project complexity will be

identified.

In the second phase, surveys supported by data collection techniques such as
guestionnaires and statistical methods for analysing and validating the responses will be
used. Specifically, two rounds of suygewill be conducted. As the number of the initially
identified factors is expected to be high, the first survey isiagrat reducing the set of
factors to a more manageable number by grouping common factors and/or deleting
some of them as statisticallgsignificant A large group of project management experts
will be engaged during this surveyhis is a requirement of thé&actorreduction
method (see section 4.5.2.2) amhore specifically fronthe targets set for sampling
adequacy (see section 4.5.2.8urvey panel will consist of project managers with
professional and/or academic experience mainly but not limitedoftware projects

(see section 45.2.6% KS adzNSeQa NBadzZ da oAttt 0S SO
statistical methods suitdbe for factor reduction will be applied. The results of the
statistical analysis will form the final set of complexity factors. Afterwards, a second
survey will be performed which will determine the relative contribution of these factors,
to the total prgect complexity through the use of expert judgement and matiieria
decision making techniquesThis panel will consist of experts with significant
professional and/or academic experience in software project management (see section
4.5.4.3).According tosimilar past researches (Qazi et al., 2016; Nguyen et al., 2015;
SedaghatSeresht et al., 2012) a panel expertswith 10-20 membersis considered

adequate.

The third phase of this research is based on case studies, aiming at validating the
proposed complexitpssessmentnodel. The method of case study for model validation
is widely used by various researchéistoniadis et al., 2011; Vidal et al., 2011; Nguyen
et al., 2015; Chapman, 2016yith the number of cases examinedryingfrom 1 to7
with an average of 4 project§urthermore,as (Yin, 2003 pBstates,d A F G 62 2 NJ
OFasSa N’ akKz2g¢gy (2 adzZIR2 NI (GKS Agthardhe 6 KS2
five caseqsee section 6.4.19elected in this researcére consideredasadequde. The
validation process will be based on empirical data comparing the level of project
complexity as perceived during the execution of projects by the project manager of the

respective project, with the results obtained by the new developed model.
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Enumerating the steps that will be followed in this research for achieving the aims

set are the following:

1. Conduct an extensive literature review to construct the initial list of complexity

factors.
2. Use a focus group to filter the initial list of the complexity factors.

3. Do a first survey, by widely distributing a questionnaire and performing
subsequently statistical analysis, to limit the initial expected extensive list of
complexity factors, eitherby grouping them or by eliminating them as

statistically insignificant.

4. Use a multicriteria decision technique to perform a second survey, in order to

assign weights to these complexity factors.
5. Develop an algorithm tassessomplexity

6. Validate the moel through a number of case studies/projects, by comparing the
LINELI2ZAaSR Y2RSf NBadzZ 6a 6A0K GKS LISNDS,
7. Develop a prototype software tool based on the proposed model for

constructing complexity models according to the deeof each project or

organization.

4.5. Research Methods and Tools

This section presents the methods and tools examined and finally selected in order

to implement the methodology steps described in the previous section.

4.5.1. Literature review method and tools

As a first step in this research, an extensive literature review was performed and the
properties of projects and the project management process were identified in order to
determine the appropriate complexity factors according to the described approaeh. Th
appropriate literature was determined, using mainlyesources such as-@atabases

and web search engines. A number of electronic databases were used such as: Science

101



Direct, Emerald, IEEE Xplore, Taylor online, ACM Digital Library, Google Scholar and
general web search engines such as Google and Bing. A set of relevant papers were
identified using various search criteria. For example, search strings used for finding
LI LISNE NBfS@lyd (G2 GKS O2yOSLIi 2F LINReES
G LINRGe SO2YLX SEAG@sEsS aLINR2SOG Ylrylr3asSySyid O
GLINR2SO0 adz00Saa FrOU2NBEET GLINR2SOG Tl AL
in the literature review performed, in order to identify the complexity factors of each
area For example, in the area of scope management some of the searching strings that
6SNBE dzaSR 6SNB &«a02L) YIyl3asSySyid O02yvyLix Si
O2YLX SEAGEES aaz2Flasol NB a02LIS YIyl3ASYSyidé)
scope management ¥ OlG 2 NB € = GNBIjdzA NBYSy i a Y|yl
GNBIljdZANBYSyida StAOAGIGAR2YEST ANBIjdzA NBYSyY:
In all cases, the papers evaluated in terms of their relevance to the subject and the
papers that were irrelevant to the researched topic werelaged. The period that this
research was done, was the period starting from October 2013ejatember2016. In
Tablel5,the final number of papers selected for each subject and examined during this

research is presented.

Tablel5Number of papers identified duririlge literature review per research area

: : : Number of
Areas investigate through literature

selected papers

Project complexity 37
Project management 21
Software project complexity 25
Time management complexity 18
Costmanagement complexity 14
Quality management complexity 15
Communication management complexity 31
Human resources management complexity 19
Procurement management complexity 24
Risk management complexity 15
Scope management complexity 33
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Number of
selected papers

Areas investigate through literature

Integrationmanagement complexity 17
Stakeholders management complexity 19
Software development technical factors 52

Statistical Analysis (include survey desi
questionnaire  formation, EFA, muttriteria 59
methods, AHP)

4.5.2. Determining structured relationshipsind reducing factors

The number of complexity factors identified in these papers was quite large. More
specifically 135 factors were identified. The incorporation of such a large number of
factors in & assessmenmnodel makes the model cumbersome and unrageable since
it reduces its usability, its user friendliness and finally the model becomes unusable.
Another fact is that many of these factors are interrelated and this implied that these

dependencies have to be examined before ending up to conciateflfactors.

For reducing the number of factors, simple statistical methods can be used such as
those based on median, mean, missing variables, high correlation and low variance.
However, these methods cannot identify underlying structured relatiqusivetween
factors. Therefore, the use of statistical methods able to achieve both the above goals
was examined such as Q methodology (Stephenson, 1935) and Factor Analysis (FA)
(Spearman1904).

45.2.1. Q methodology

Q methodology was presented by Stephensof38) and was used to study an
AYVRAGARdzZ t Qd adzw2SOGAQGAGE 2y |y 2LIAYA2YZ
source is in psychological research and is used widely in that domain (Serfass and
Sherman, 2013; Shinebourne, 2009). Q can be seeasad inversion of FA, meaning
that instead of giving a small set of tests to a large number of people, it gives a large
number of tests to a small number of people (van Excel and de Graaf, BOB&ef the
Q method works as follows (Brown,1980; 198693): A set of statements, describing
L12adaAofS OKFNIOGSNRAGAOA 2F | LKSy2YSy2:
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distributed to the survey participants in order to initially sort them in three piles e.g.
agree, disagree, neither agree or disagmeeutral). Then the participant should sort the

GO NRaé¢ 2F SIOK LIAES AyiG2 LINBRSTAYSR RAA
has select (template) and place them in the score sheet provided. This scale can be, for

example, from5 to +5, as seeim Figurel5.

Obviously, this process results to an almost normal distribution of cards, as very few
GOFNRa¢ Oly o6S LIXIFOSR 4 GKS SR3ISA gKACT
categories. These are the data that can be further processed by usirgjistdfpackages
such as SPSS.

The main advantage of this method is that does not require too many participants. It
is generally accepted that this method works well for acfetO to 80 statements given

to a set of 40 to 60 participants (Shinebourne, 2009; van Excel and de Graaf, 2005).

The low number of participants has risen questions about the reliability of the

-5 -4 -3 -2 -1 0 +1 +2 +3  +4 45

Figure15 Placing "cards" into pilesQ methodology
method and its ability to generalise the resulth¢imas andBass, 1992). Van Excel and
de Graaf (2005), based on conclusions from the studies of Brown (1980hanthd

and Bass (1992), state that the results of Q methodology do not reflect the percentage
of the sample that adhere to any of them, but only the distiviewpoints over a topic

as only a limited number of them exist in any topic. So cautious preparation of the

statements can guarantee generalizations over the specific topic examined.
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The weaknesses of this method are that it is a quite complex, tomsuming and
unfamiliar procedurefor partidpants It has also been risen questions about the need
for in person interviewing of participants by researcher. However, van Tubergen and
Olins (1979), show that there is no difference if the survey is cdeduzy mail or in

person.

Summarizing the above, Q methodology is a very interesting technique that requires
small sample sizes but is quite complex and time consuming for the participant and that

may affect its results if the participant does not have tiecessary commitment.

45.2.2. Exploratory Factor Analysis methodology

Factor Analysis (FA) was introduced by Spearman (Spearman, 1903) and its source is
in physiological research (Fabrigar et &B99). There are two main FA techniques: the
ConfirmationFactor Analysis (CFA) and Exploratory Factor Analysis (EFA). CFA is used to
confirm hypotheses while EFA tries to reveal the underlying structure and
interdependencies between observed or even unobserved factors. EFA is used when a
study involves too manyariable e.g. a few hundreds, and wants to reduce it to a smaller
set in order to be easier to focus on some key factors rather than considering with too
many variables (Yong and Pearce, 2013) or when a researcher tries to identify the
number of factors ifluencing the variables and to analyse whighiables are grouped
together DeCoster, 1998). The information obtained from these interdependences can
also be used to reduce the number of variables in a dat@Seild, 2006)vhile retaining
as much of the original information as possilfiéeld, 2009) Today EFA is widely used
in information systems, social sciences education, and psychology and in variety of other

domains(Taherdoost, et al., 2014)

EFA is a complex procedure with few absolute guidelines and many options (Costello
and Osborne, 2005). All the information required is obtained through processing the
AYVRAGARdzZ f Q& 2LIAYA2Y A A Yusing quasSamnairdsT Theé 0 |
formation of the questionnaires is based on measurable items called variables. The
responses gathered by the questionnaires are the data that can be further processed by
using statistical packages such as SPSS. The responseguestioners are called cases

and the identified latent variables, after statistical processing, are called factors. Due to
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its design, EFA generally requires the existence of a large size of samples (Comrey and
[ SSZ MdppHT [/ dzRSO]1 1994 RelideahdSIacksbn, MaddiceTet Y A Y
al.,1982.

4.5.2.3. Selecting method for determining structured relationships and

reducing factors
Considering the above methods, Q methodology has the advantage of a small sample

size but has the followindisadvantages:

a) It requires from the responders to study the methodological steps as they are
not straightforward, as is for example the answering of a questionnaire.

b) It is a time consuming process and requires commitment on behalf of each
responder in immmenting it, especially due to the large number of variables
which should be examined.

c) There are not many software tools available to facilitate the process.

On the other hand, the main advantages of EFA are the following:

a) It reveals the structured relainships between variables and group these
variables together reducing their number.

b) There are numerous descriptions and suggestions in the literature.

c) There are plenty of software tools that implement it and can be used.

d) Itis a welknown method with nunerous applications for decades.

The main problendisadvantage of this method is the requirement of a large sample

especially as the number of variables examined is high.

Considering this comparison, it was decided that EFA should be selected as the most
suitable method for reducing the factors and determining the structured relationships

between them.

The main problem was the large size of the required sample because of the large
number of variables (complexity factors) to be examined, that was ampilifigdu
consider the nature of the sample, which should be experts of project management

domain.
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However, this issue can be addressed as it will be indicated in the next section.

45.2.4. First survey and subsequent analysis using EFA

In this section the methodthat were followed during the survey conducted and the
subsequent statistical analysis of the data collected using EFA are presented. The
procedures followed in the questionnaire design, panel selection and the methods
applied before performing EFA are sieibed in order to examine and verify the
suitability of the gathered data. Also the rationale behind the decisions made is

presented.

4.5.2.5. Questionnaire forming

Having selected the statistical method that would be used in the first stage of this
research, tie next step was to form the questionnaire that was used in this process. As
the number of the identified complexity factors was quite high, they were grouped in
categories for practical reasons. That allowed the reduction of the required sample size
by tentimes. As a basis for this categati®n the eleven dimensions of our model were
used (see section 4.3). The number of complexity factors contained in each area can be

seen in Tabldé6.

Table16 Number of complexity factors idefiid per complexity area

Category Complexitvareas Number of
ID plexity complexity factors

CAL Timemanagement 15
CAR Costmanagement 11
CR Qualitymanagement 11
CAL Communicatiormanagement 12
Ch Human Resourcemanagement 14
CA Procurementmanagement 13
CA Riskmanagement 8
CA Scopemanagement 13
CA Integrationmanagement 14
CALO Stakeholdersmanagement 7
CALl Technicalmanagement 17
Total 135
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The aim of the survey was to identify the relative contribution of each factor to
project management complexity. Responders were asked to evaluate each project
complexity factor using a positive fald2 Ay G [ A1 SN aoltS oF
O2y (i NR 0 dzii M2ySNBGI KAEK O2y iNAoOdziA2YyEéL O I L
and a pilot test was performed. The questionnaire was sent for review and feedback to

a group of 10 experts.

All experts had more than six years of professional experience in manadjiwagreo
LINE2SOGa& IyYyR Y2NB (KFy FAGS @SINERQ | OFR
Greece and the UK. They were asked to complete the questionnaire and provide
feedback about the clarity of the survey questions. After incorporating the provided

feedbad, the questionnaire was finaéd (see Appendix A).

4.5.2.6. Survey panel selection and questionnaire distribution

A list of over 550 responders, who have professional, academic or both project
management experience in software projects either in the privata tre public sector,
was formed. The sources from which this list was formed were the Greek Information
Society S.A, the Federation of Hellenic ICT enterprises, Technical Chambers of Greece,
Greek Project Management organizations and associations, acaadeganizations in
Greece and in UK, various business organizations in Greece and the UK whose business
scope was relative to IT development, software development and software engineering.
Alsq individual project managers working either in public or prevatganizations were
included. Experts who had experience from other types of projects were not excluded
as long as they had managed or had been part of the management team of at least one
software project. That is because software projects despite th#grénces and unique
characteristics are still projects that have a wide range of common characteristics with

other types of projects.

The questionnaire was in electronic form and the platform used to create and collect
the responses was Google FormseTink to the questionnaire, including a brief
description of it and the aims of the survey was sent to the responders via email. Access
to the questionnaire was granted to everyone who had the link. The participation to the

survey was anonymous as neithgsychological nor other barriers to the responders
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that could bias their responses or prevent them from participating in the survey were
wanted. Six weeks after the first meggga first reminder was serglong with a second

reminder sent five weeks late

45.2.7. Reliability analysis

Before proceeding, it was important to verify the scale reliability of the questionnaire
in order to confirm that questionnaire measures in practice what it does in theory. To
verify the scale reliability of the questionnairegitt & dza SR GKS / NRy ol OF
1951) for each one of the 11 complexity categories that formed the questionnaire.
Cronbach's alpha is a measure of internal consistency. This demonstrates how closely a
set of items are, as a grouphe latter, is conderedto be a measure of scale reliability.
According to Field (2009) and Cline (1993) it is generally accepted that a value of
I N2yol OKQa h KAIKSNI GKFY nodt 2N ndy A& |

4.5.2.8. Sample size adequacy
The herein research has examined several approachesgdinate the adequacy of a
sample size for EFA. Sample adequacy is important as otherwise EFA cannot continue as

the results will be useless.

A number of different suggestions and approaches, concerning the required sample
size, exists in literature (Macllian et al., 1999), some of which rely on absolute sample
size and others on the Subject to Variable (STV) ratio. For example, Lawley and Maxwell
(1971) state that the number of cases required is that of the variables plus 51, Kass and
Tinsley (1979%tate suggest having between 5 and 10 cases per variable, Suhr (2006)
suggests at least 100 cases and an STV ration of no less than 5. Also, MacCallum et al.
(1999) shown that the minimum sample size is related to the communalities. They state
that as the vales of communalities lower, the size of the sample needed must be
increased. In addition, they indicate that if all communalities are above 0.6 then even a
small sample size (bellow 100) could be adequate while with communalities of a value
of around 0.5 viue, a sample size between 100 and 200 participants is required in order

to be adequate.
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Recent studies investigating the required minimum sample size have shown that this
is a furction of several parameters (Gae and Hancock, 2006; MacCallum ef 2001,
MacCallum, 1999) such as the number of variables, the number of factors, the number
of variables per factor and the size of the communalities. There are studies that
investigate how factor analysis applies to small sample sizes e.g. sample sizesnless tha
50, and have shown that reliableswts can still be achieved (@ and Hancock, 2006;
Preacher and MacCallum, 2002; Geweke and Singleton, 1980; Bearden 1382)).
However, these approaches have many limitations and results cannot be generalised
and applied to situations encountered in real data. Because of that, de Winter. et al
Hnndv adlrasSa GKFG Aa oSGGSNI G2 GKAYl |6

number of factors.

Furthermore, in order to strengthen the adequacy of the sangke, the Kaiser
Meyer-Olkin (KMO) measure was examined (Kaiser, 1970). The KMO was calculated
both on all variables and individual variables. The KMO measure for individual variables
is presented in the diagonal elements of Amtiage correlation matrixHield, 2009)
while the results of individual variable is presented in Chapter 5 along with the results.
KMO value varies between 0 and 1, and recommendations suggest that the accepted
values should be greater than 0.5. Specifically, values between 0.50#&%d are
mediocre, values between 0.7 and 0.79 are good, values between 0.8 and 0.89 are great

and values between 0.9 and 1 are superb (Hutcheson and Sofroniou, 1999).

4.5.2.9. Factorability of data

To perform EFA, the factorability of the data was examined fatigithe next steps.
Firstly, the determinant of the correlation matrix was examined. When the determinant
is equal or very close to zero, it means that either there are no linear combinations or
they are infinite within the matrix, while if it does not egjuo zero, then there are linear
combinations within the matrix (Beavers et al., 2013). The threshold for this value is
0.00001 and the calculated determinant of the correlation matrix should be greater than

this value.

bSEG GKS . I NI fi (Bhefetor and Gotihrag, T989) wak SaNilated in

order to evaluate if the determinant value is statistically different from zero meaning
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that there are relationships between the complexity factors (variables) that could be
revealed during the EFA. ThefvdzS 2F (KS &aA3IyAFAOFYyOS 27
lower than 0.001

4.5.2.10. Initial extraction method

EFA can be performed with a number of different methods that determine the way
the initial factor extraction will be performed. Two are the most commorrastton
methods suggested in the literature: the Principal Components Analysis (PCA) and the
Common Factor Analysis (CFA) (Tabachnick and Fidell, 2001). Whilst very often both
methods produce similar results (Fiel@009), there are both theoretical and
mathematical differences between them. In short, PCA is used as a data reduction
method, in order to summarize a large set of variables to a smaller one (Costello and
Osborne, 2005; Velicer and Jackson, 1990). In this case, each variable is acting as cause
for the component (DeCoster, 1998). On the other hand, CFA allows to reveal the
underlying factors, which cannot be measured directly, assuming that individual items
are the results of the underlying factor (DeCoster,1998)e kjure 16 illustrates these

two different approaches.

Item 1 \ [tem 1
Ttem 2 —P [tem 2 @
/' [tem 3

Figurel6 PCA vs CFA (Beavers et al., 2013)

Item 3

C2NJ GKS AyAGALE FIOG2N) SEGNI OlAz2ys GKS
(IBM, 2013) was selected, as this research is interested in reducing the number of
complexity factors (variables), by revealing the underling complexity componleats t

are not profound and can be assessed using these individual variables.
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45.2.11. Determining the number of factors to be retained

The next step in data processing using EFA was the determination of the number of
factors which should be extracted, in order to represent the initial data and the
relationships between them in the most optimum way. The first extracted factor usually
explans the largest amount of variance, whilst the subsequent factors represent a
continuously decreased amount of variance. The key point is to extract the right number
of factors as overextraction or underextraction can have bad effects on the results. The
eigenvalue values associated with the variance, indicate the substantive importance of

the factors (Field, 2009).

An approach to deciding which factors should be extracted, is to examine if the
eigenvalue of each factor is large enough to represent a nmgduli factor. The most
common criterion to this approach the Kaiser criterion (Kaiser 19) It suggests that
all factors with eigenvalues greater than one should be retained. Along the same line,
Jollife (986;1972 suggested that thd&aiser criterioris too strict and all factors with
eigenvalues greater than 0.7 should be retained. Despite the small difference in absolute
numbers between the two criteria, the number of factors can be extracted from the use
of these two criteria can vary significanthccording to Field (2009), the Kaiser criterion
Is accurate when there are less than 30 variables and the communalities, after
extraction, are greater than 0.7 or if the sample size exceeds 250 and the average
communality is greater than 0.6. The Kaisgterion is the most common, but when it
is used with CFA extra caution is needed, since only common variance between variables
is used and as such, factors with eigenvalue lower than 1 may need to be retained, as
they account for significant variance @itwise underextraction of factors may occur

(Beavers at al., 2013).

Another very common approach is use the scree plot (Cattel,996) which is a
graphical representation of each eigenvalue (on Y axis) with the corresponding factor
(on X axis). In thimethod, it is examined the scree plot for the point there is a curve in
the graph followed by a tail. It is retained the factors with eigenvalues placed before the
point of the curve. However, very often the scree plot-offtis not very clear and is
quite subjective, where the precise cut point is and therefore overextraction of factors

can occur (Beavers et al., 2013).
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In this research as the Kaiser requirements were not completely fulfilled, scree plot was
also examined. In case of differences betw#ensuggestion of two criteria the Costello

and Osborne approach was followed.

According to Costello and Osborne (2005), if there are different suggestions about
the number of factors which should be retained between criteria, then the results
obtained shaild be examined with all possible combinations between the numbers of
factors proposed by the two suggestions. What should be chosen, is the number of
FILOG2NAR GKIG 3IAPSa GKS ao0Sadé NBadzZ Ga Ay

loading and factonumber.

45.2.12. Factor rotation

The selection of the appropriate rotation method was the next step in EFA analysis.
Factor rotation is necessary as direct solution does not provide an easily or sufficiently
interpretable solution (Tabachnick and Fidell, 2001;riglp et al., 1999; Child, 1990).
Factor rotation does not change the underlying solution, but presents the variables
loading pattern in a way that is easier to interpret, and improves, simplifies and clarifies
the data structure (Field, 2009; Costello a@gborne, 2005). There are two main
approaches to factor rotation, the orthogonal rotation and the oblique rotation.
Orthogonal rotation is used when the variables are considered to be uncorrelated or are
not highly correlated while oblique rotation is ubavhen variables are correlated
(Tabachnick and Fidell, 2001). In case the variables are not correlated then the results
produced by the two methods are similar. Oblique rotation is more complex than
orthogonal as it produces two matrices that should beipreted in conjunction. The
orthogonal rotation is the most widely used and a number of different methods exist to
implement it, such as Varimax, Quartimax and Equamax, with Varimax being the most
common choice (Costello and Osborne, 2005). In this reee@thogonal rotation was

followed and more specifically, the Varimax rotation.

45.2.13. Evaluation of EFA solution
An indicative measure to evaluate how the model fits the data is to examine the

differences between the observed correlations and the correlations based on the model
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values should be greater than 0.05 in this matrix (Field, 2009).

4.5.3.Factors weighting

Having identified a number of factors affecting complexity of software projects, the
nex step was to identify the relative importance of each factor in relation to total
project complexity. To achieve this, weights needed to be assigned to each complexity
factor. The use of an appropriate muttiiteria decision method was the mean to

achie this.

4.5.3.1. Selecting a multcriteria method

Business leader make strategic decision to satisfit SA NJ Odza G 2 YS NE Q
government regulations, minimize costs, maximize profits, &we. makethe best
possible decisions, when facing such matiieria prdblems, the need of applying multi
criteria decision methods is a necessity. The basic idea of -onitéiria decision
methods, is to compare a set of alternatives and to assign values according to which, the

best alternative fits goals, objectives and desiof the problem.

According to Vidal et al. (2011) the selection of the appropriate rotilteria method
is not trivial and it is a mulgriteria problem itself. In their research, they identified a
set of requirements that a mukgriteria method shald meet in order to be used for
evaluating project complexity. They used mugltiteria analysis to prove that among the
various multicriteria decision methods the Analytic Hierarchy Process (AHP) is likely to
be the most suitable for complexity evaluati. Their outcome is also supported by the
numerous applications of AHP, from researchers who considered it as the most
appropriate and user friendly tool in a number of different contexts such as in project
management, in software tool selection, techngloselection, etc. (Vaidya andrKar,
2006; AlHabri, 2001; Ahméand Laplante, 2006; Alhazmi and Mcaffer, 2000; Daim et
al., 2011; Patanakul et al., 2007; Hongyan, 2QiDet al, 2008).
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AHP uses as input the subjective judgment of each deeis@kerand produces as
output the quantified weight of each alternative. Therefore, it can easily quantify both
objective and subjective issues that do not have theoretical values (Sato). 2008
research, in order to prioritize the complexity factors, Mt & 2y G(KS SELIS|
This enhances further the validity of the decision taken to use AHP at this stage of the
research, as according to Daim et al. (2010) AHP suits better with expert judgement,
since it is a method that tries to reveal the consaa among a group of experts on a

specific subject.

4.5.3.2. Analytic Hierarchy Process (AHP)

AHP was developed initially by Saaty (1977) and has been refined by Saaty (1980),
Saaty (1990) and Saaty(2008). It uses pairwise comparison judgements in order to assign
priorities with respect to criteria set. AHP helps decision makers to find the answer that
0Said FALGA GKSANI I2FE FYR GKSANI dzyRSNER G yF
It allows the integration of the quantitative and the qualitative aspectsdecision
making, which makes it suitable to be used in complex contexts (Saaty, 1980; Fumey;
2001). In addition, its hierarchy structure allows the division of the decision problem into
a number of sukproblems, which are easier to understand, and whicdn be
independently analysed. After the hierarchy has been created, decision makers
systematically evaluate the alternatives, using pairwise comparisons with respect to

their impact on each element of the hierarchy.

In a pairwise comparison, the evaluates asked to compare the value of one
alternative in comparison to another, with respect to a specific criterion. These
evaluations are converted to numerical values that can be used for a range of decision
problems. AHP allows the comparison of diveeseancommensurable elements in a
rational and consistent way. Therefore, the essence of AHP is human judgment which is

used to perform the evaluation and not just the underlying information (Saaty, 2008).
The basic steps for applying AHP methodology afeliows (Bhushan and Rai, 2004):

I.  Creation of the hierarchy.The problem is divided into a hierarchy of goals,

criteria, subcriteria and alternatives.
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Vi.

Data collection.Through pairwiseomparisonsexperts or decision makers rate
the alternatives accordg to a specific criterion and scale.

Creation of a square matrixThe pairwise comparisons are organized into a
square matrix as displayed in Figuré The diagonal elements are all equal to
one meaning that criteridiand j" are of equal importanceElements that have
values higher than one, indicate that tHéélement is more important that the
ji" element, while elements that have values lower than one, indicate that'the i
element is of lower importance that th& glement. If the (i,j) elemerhas value

aj , the corresponding diagonal element has valyelss; .

1 ﬂlz . . alj . . al?‘!
1
— 1 e o Aoy
@3
1 1
- - a!j Zin
al_,f azj
1 1 1 1
L ¥l #2n Zin _

Figurel7 AHP square matrix

Calculating weights with respect to alternative§ he principal eigenvalue and
the corresponding normalised right eigenvectufrthe comparison matrix give
the relative importance of the various criteria being compared. The elements of
the normalised eigenvector are termed weights with respect to the criteria or
sub-criteria and ratings with respect to the alternatives.

Inconsigency evaluation.The consistency of the matrix is evaluated. As the
comparisons made by this method are subjective, AHP tolerates a specific level
of inconsistency. If the consistency index fails to reach required level, then the
answers to the comparis@may be reexamined. Saaty1980)suggests that the
value of the inconsistency level should be less than 0.1.

Calculating global weightsThe rating of each alternative is multiplied by the
weights of the sukcriteria and aggregated to get local ratinggh respect to
each criterion. The local ratings are then multiplied by the weights of the criteria

and aggregated to get global ratings.
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4.5.4. Second survey and subsequent analysis
In this section,the methods that were followed in order to implement the AHP

methodology steps are presented.

45.4.1. Creating AHP hierarchy

The first step of AHP methodology is to create the problem hierarchy starting from
the top with the goal or the decision, then moving to criteria from which the main goal
is composed of, and finaltp the set of alternatives that constitute the lower level. The

designed hierarchy that fits the proposed model is displayed in Fifire

In this research,only the lower level of hierarch was quantified using expert
judgement. The above criteria weresasned to have equal weights. The weighting of

these criteria can be included in later model modifications.

Goal -

|

Criteria ] ]
l_lﬁ
Subcriteria ]
r_lﬁ
Alternatives
Figurel8 AHP Hierarchgnodel
4.5.4.2. Forming questionnaires

The next step was the forming of questionnaires for pairwise comparisons. The
baseline for developing the questionnaire was the complexity factors that have resulted
from the EFA, which was done at the previous stage of this researthprssentedin
sections 5.2.1 to 5.2.1135 complexity factorsare identified, sourcing from 11

complexity areas.

In AHP, the existemecof a large number of elementsicreases the number of
comparisons resulting to a very arduous process for responders (Daim et al, 011).
addition, Simpson and Cochran (1987) state that AHP methodology can be better
applied, when 2 to 15 alternatives exist, otherwise they suggested reducing the number

of alternatives. In line with the above suggestion, it was decided to keep the
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categorsation schema of the complexity factors that had been used in the previous
research step and to transform the complexity categories in criteria, and the complexity
factors to alternatives resulting in having from 2 to 5 alternatives per criterion. In this
way, the above suggestions were fulfilled and the importance of each complexity factor
within each area was evaluated. Another advantage of this solution was the possibility

to calculate the complexity of each management area, beyond the calculationaif tot

project complexity.

Questionnaires were forme(see Appendix Gyith the support of a software tool,
iKS GO9ELISNI /K2AO0S Hwnnné O6KOGGLIYKkk SELISNI O
AHP process. The use of that tool facilitated the forming of gbestionnaires and
allowed easy, accurate and quick calculations. Furthermore, the possibility for
presenting the questionnaire using either a verbal or a numerical scale, allowed the
comparison between the importance of qualitative and quantitative cidteExperts had
the opportunity to express their opinion using either a verbal scale, from equal to
extreme or a numerical scale from 1 to 9. The verbal scale was transformed to numeric
as follows: Equal=1, Moderate=3, Strong=5, Very strong=7 and ExtrenTdwd
intermediate values of 2, 4 and 6 were used to refine the answers. This approach allows
the decision maker to initially capture the vague preference who had in mind and then

to systematically sort them into a prioritised sequence (Daim et al., 2011).

An example of the pairwise comparison question design can be seen in Efjjufe
Alternative A is mor@mportant than Alternative B then the cursor is moved to the left,

otherwise if Alternative B is more important than Alternative A then the cursor is moved

to the right.
1 |I| 1 1
Alternative A L Alternative B

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
m iy m
A - - S

= -z -z
2 23 2 &£ § 8 o 3

™ 3 T a a

=} =

['m] (']

|}98?55432I234 EE 78219

Alternative A JI Alternative B

Figurel9 Pairwise comparison questinaire design
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4.5.4.3. Selecting survey panel

A group, consisting of 17 experts, was formed in order to etalthe factors. Ten of
them had also participated in the first round of survey. Concerning their educational
level, 10 of them had a PhD and the rest had MSc. Their expertise was related to
software development and the domain of project management. Thidyeal at least five
8SIFNBRQ SELISNASYOS Ay YIlyl3Iay3d az2Fids6l NB R
LINR @ §S aSOG2NXP CAdNIKSNY2NBEzZ a4AE YSYoSNZ

academic experience in the domain of project management.

45.4.4, Data collecton

The data collected through questionnaires and the whole process was supported by
0KS G9ELISNI /K2A0S wnnné a2¥del NB (22t o
process allowing responders éxpress their opinion using either a verbal or a nuiced
scale and allows the immediate evaluation of responses consistency and automate the
AHP calculationg.he questionnaire was administered individuadiyeachexpert group
member. So for each expert group member an interview was organised where the
guestionnaire was answered with the assistance of the author of this dissertation. At
the beginning of each session, the experts were briefed on the objectives of this
dissertation, on the research method applied and on the contents of the questionnaire.
Folowing that,the method that will be used for answerirtige questionnairg(pairwise
comparison} was presentedand then clarifications of the usage of the scales were
given. e questionnaire was in electronic form, iags automatically created by Expert
Choice 2000Finally, questions regarding the context and meaning of each factor that
was described in the pairwise comparison, were answered. After thatresponders
had one hour to answer the questionnaitesing Expert choice 20Q0The time was
considered more than adequate as the average responsertc@dedwas 37 minutes.
The use oExpert choice 200tol allowed the immediate calculation of the consistency
index of the responsesWheninconsistenes were observedhe resporders had the

opportunity to reevaluate their answers if they wanted to do so.
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4 .5.5.Model validation

Model validation was based on case studies and empirical data. Specifically, a number
of software projects was examined and five of them were selected tduete the
validity of the proposed model. The initial list of projects was opportunistic while the

criteria set for selecting the projects to be used for validation are the following:

I.  Accessibility to the project manager of the project.
ii.  Availability and wiingness of the project manager to participate in this research.
iii.  To be relatively recent.
iv. To vary in some of their characteristics (e.g. duration, cost), but also to be able
to identify common characteristics (e.g. type of software, type of client) imthe

if they were examined in groups of at least two or three.

Project managers of various Greek software development companies were
conducted in order to examine their availability and willingness to participate in this
research. Next, they were askedgabmit a brief description of the projects they have
managed in form of a project charter document. Project charter according to PMBOK
is a statement of thescope objectives, and participants in a project. They were asked
not to refer to sensitive information such as company names, names of clients,
participants and sensitive cost data. In the project charter they should describe the
LINE 2 S O oo, gaals, ®dy Hnidciers (in form of private or public sector), budget,
duration, the types of project teams, the number of project members and the main risks
and assumptions. Based on this information, five projects which satisfied the above
criteria ®t, were selected. Afterwards, project managers were asked to assess the 35
complexity factors which were identified previously. The list of factors was given to them
in the form of a questionnaire. Each factor was assessed using a linear scale ranging
between 0 and 10. The value O stated that this factor was not applicable or not
significant to the project management process, while value 10 stood for an extremely

high effect or significance to the project management process.

Finally, project managers weesked to assess the perceived total project complexity
during its execution on a scale ranging from 0 to 10. The scale was linear starting from O
GKAOK ¢l & Sldz2t G2 ayz2 02YLX SE LINR2SOG¢ =X
KAIK O2YLX $ikvaluaNRcEntpéreéd ®ith the project complexity level that
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was calculated by the model proposed in this research. The results of this process are

presented in detail in Chapter 6.

The questionnaire was electronic, developed using Google forms and st wa

distributed to project managers by email during December 2016.

4.6. Summary

In this chapterthe research objectives, methodology, methods and tools that were

appliedin each step of this researcheve discussed.

In the nextchapter,the results ofdatastatistical analysiare presented Specifically,
the EFAnethodthat wasusedfor identifying the common underlying complexity factors
and the AHP method that was usddr determiningthe contribution of the factors

resulted from EFA, ttotal project canplexityare presented
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5. Research results

5.1. Introduction

This chapter presents in detail the research results of tharid 29 survey and the
subsequentnalysis that was performed. The purpose of thestirvey and subsequent
analysis was to identify theontribution of each one of the 135 complexity factors that
were identified through literature, in total project complexity and to reduce the number
of factors by determining the structured relationships between them. THes@rvey
aimed to determine theelative contribution of each one of the 35 complexity factors,
which had resulted from theSisurvey to total project complexity by assigning weights

to them.

5.2. Results of 1st survey and data analysis
The survey was distributed in the middle of October 2015 and four and half months
after the first messaging, in the middle of March 2016, closed with 102 valid responses

being received.

Out of 102 responders, 89.2% were men and 11.8% were women. As far as their
educational level is concerned, 41.2% had a PhD, 36.3% had a MSc and 22.5 were college
graduates. Concerning their working background, 55.9% was mainly from the domain of
industry, 20.6% was mainly from the academic domain and 23.5% had almost equal
experience both in the academic and industry domain. They were also asked to define if
their experience came from the private or public sector and 58.9% of them were from
private sector20.6% of them were from the public sector and the rest 20.5% had almost
equal background from both the private and the public sector. Lastly 62.9% of the
NBalLR2yRSNE 6SNB Ayg2f @SR Ay LINR2SOda ¢Ai
with a budgetbé 6 SSy onnodnnne YR wmonann®dnnne YR
KAIKSNI 0KIYy mdnnndnnne ®

¢KS NBfAIFIOAfTAGE 2F (GKS ljdzSadAz2yyl ANS dza
(Cronbach, 1951) as it was described in sectior24/5The results indicated thahe
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above the 0.8 as it seen in Tadlg

Tablel7 Questionnairesaliability analysisesults

Category ID Complexity Areas / NBRY Ol

CAl Time management

CA2 Cost management

CA3 Quality management

CA4 Communication management
CAS5 Human Resources managemer
CA6 Procurement management
CA7 Risk management

CA8 Scope management

CA9 Integration management
CA10 Stakeholders management
CAl11 Technical management

0,832
0,814
0,845
0,820
0,871
0,897
0,847
0,854
0,880
0,850
0,897

The next step was the implementation of EFA having as objective to reduce the

number of identified complexity factors to a more manageable size @oss$ibly to

uncover the underlying relationships among the complexity factors. The adequacy of the

collected data was examined before applying EFA method. A number of criteria and

suggestions were examined as described them to sectior2.8.5Therefore, hree

methods were examined, the Subject To Variables (STV) ratio, the average

communalities values and the Kaigddeyer-Olkin (KMO) measure (Kaiser, 1970).

The sample size of this research was 102, which in relation to the number of factors

included in eals complexity area resulted to a STV ratio with a minimum value of 5.7

and a maximum value of 14.6, depending on the subject area examined, as presented in

Tablel8. Furthermore, in linavith the McCallum et a[1999) guidelines, the calculated

communalites indicated that the data sample size was also adequate.

The KMO measure was calculated both for variables and individual variables. The

calculated KMO values for variables indicated the adequacy of the sample size as the

results fulfil the criteria destbed in section 4.2.8. The results of the three tests used

to verify the sampling adequacy are presented in TaBle
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Table18 Sample sizadequacytest results

Category . : Averag(.a'
Complexity Areas STV ratio communalities
value

CAl Time management 6.8 0.588 0.780
CA2 Cost management 9.3 0.517 0.811
CA3 Quality management 9.3 0.549 0.779
CA4 Communication management 8.5 0.517 0.763
CA5 Human Resources managemer 7.3 0.573 0.819
CAb6 Procurement management 7.8 0.554 0.851
CA7 Risk management 12.8 0.531 0.858
CA8 Scope management 7.8 0.554 0.809
CA9 Integration management 7.3 0.524 0.828
CA10 Stakeholders management 14.6 0.606 0.812
CAl1l1 Technical management 6 0.602 0.836

The KMO measures for the individual variables are presented in the diagonal
elements of the antimage correlation matrix (Field, 2009) and also indicate the
sampling adequacy. They are presented in detail in the next sections in which the
analysis resultare discussed for each subject area. Based on these findings, there
should be no doubt about the adequacy of the sample size and its appropriateness to

apply EFA on it.

As a next step, the factorability of the data was examined. According to the
methodology described in section 4.5.2tBe determinant of the correlation matrix for
SIFOK I NBI ¢61&a SEFYAYSR YR GKS . I NIftSGGO
1989) was calculated. The results indicated that the determinant was higher than

0.00001in all cases, as seen in Tah®

Tablel9 Data factorability test results

Category ID Complexity Areas ' Determinant
CAl Time management 0.002
CA2 Cost management 0.036
CA3 Quality management 0.012
CA4 Communication management 0.008
CA5 Human Resources managemer 0.001
CAb6 Procurement management 0.002
CA7 Risk management 0.047
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CA8 Scope management 0.004

CA9 Integration management 0.001
CA10 Stakeholders management 0.038
CAl11 Technical management 0.000046
In addition,d KS &A3IYyATFAOFIYyOS 2F (GKS . FNIfSadQa

presented in the following sections. From the above, it was concluded that EFA was

applicable to the collected data.

Before proceeding with factor extraction, the table labelle@mmunalities it was
examined which describes how much of the variance each variable explains before and
after extraction. Low values, below for example 0.3 or 0.4, usually indicate that the
variable does not fit well with the other variables and the @hation of these variables
before proceedingshould be considered (Field, 2009; Pallant, 2011). However, as EFA is
an exploratory tool, the above guidance is not mandatory. What should be examined is
how this variable is loaded on the factor matrix. Insthesearch,it was decided to
eliminate all variables with communalities below 0.3. According to this criterion, one
variable from the cost management area had to be deleted as well as one variable from
the scope management area as they had communalityesabelow 0.3 and they did not
have adequate loadings with any factor in factor matrix. The accuracy of this decision
was also supported by the fact that these variables had loadings lower than 0.4 on all
factors in their corresponding rotated factor matriAfter deleting, the analysis was

performed again from the beginning without them.

In order to determine the number of factors that should be retained after extraction,
the eigenvalue of each factavas examined. A large eigenvalue implies that the gigec
factor represents a meaningfufactor that should be retainedHowever, a the Kaiser
requirements were nofully fulfilled, additionally we examinedhe scree plot When
differenceswere observed in the suggested resutib these two criteria, then the
Costello and Osborne approach wiadlowed asit is described in detail in section
4.5.211. The scree plot for each aresspresentedn Appendi8. In Tabl&0, the number

of factors that should be extracted according to the different approachepeesented.
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Table20 Proposed number of factors should extracted

" Complexiy Aea

Time management

Cost management

Quality management
Communication management
Human Resourcamanagement
Procurement management
Risk management

Scope management
Integration management
Stakeholders management
Technical management

A NDWOWWOWDNWRADIAWW
AN W WDNWRAWDNOW

In mostcasesthere was an agreement between both criteria, about the number of
factors that should be extracted. In two cases, in quality and communication complexity
areas, there was a conflict between these two criteria. In these cases, the Costello and

Osborn apprach was followed as presented in section 5.2.3 and 5.2.4 accordingly.

The next sectionpresentsthe results of EFA per complexity area are.

5.2.1.Time management complexity area

Principal axis factoring with orthogonal (Varimax) rotation was applied owefh
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the
adequacy of the sample. The KMO test was conducted both on all variables and
individual variables and the results indicated a KMO value equal to 0.780 for all variable
and a KMO value greater than 0.56 for all individual variables. The approximate of Chi
square was 597.976 with 105 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001, meaning that the data were sufficient for EFA
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Figure20 Scree plot Time management complexity area

Table21 Total variance explaine@ime management complexity area

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Factor Total % of Variance | Cumulative % Total % of Variance | Cumulative % Total % of Variance | Cumulative %
1 497 33137 33137 4555 30,368 30,368 2328 15518 15518
2 1,893 12,617 45754 1,543 10,285 40,652 2,208 14723 30,241
3 1,536 10,237 55,991 1,210 8,066 48,719 1,735 11,567 41,808
4 1,34 8,94 64,932 842 6,282 55,001 1479 9,859 51 667
5 1,013 6,750 71,682 Ralit:] 3,785 58,786 1,068 7119 58,786
i G54 4,358 76,040
7 628 4189 80,229
a 521 3474 83,703
9 507 3,382 87,085
10 452 3016 90,101
1 430 2,865 92 966
12 325 2,164 95129
13 ,299 1,991 a7 121
14 227 1,514 93,634
15 205 1,366 100,000

Extraction Method: Principal Axis Factoring.

According to the scree plot the number of factors which should have been extracted
was 5. The Kaiser criterion also indicated that 5 factors had eigenvalues greater than 1
which in combination explained 58.78% of the variance (see Fifumad Table21). As
a result, there was an agreement between the two criteria about the number of factors
that should be extracted and retained. The fact that the residual matrix had only 6% of
values greater than 0.05 which is less than 50% was an encouraging indicattbe
FAOYSaa 2F GKS Y2RSt OCASEtRI HAangpOd ¢KS
after rotation (see AppendiB).

Table 22oresents the factors extracted with their clustered variables.
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Table22 EFA resultsTime managementomplexity area

Exiacied faciors Narables R

1. Density of project activities Number of project activities.
Number of critical activities.
Variance in project activities duration.
Large numbeof dependencebetween activities.

2. Project activities resource Number of activities with overlapping resour

constraints requirements (shared activities).
Number of activities that require high variety
resources types.
Low availability of project resources.
Number of activities that require highly
specialized resources types.

3. Density of project schedule Number of project activities executed in paralle
Number of intermediate deliverables should |
delivered.

High project deliverable density (ratio, number
deliverables / project duratia).
Protracted project /activities Number of long project activities.

duration Long project duration.
4. Organizatio® &me management Insufficient time management experience with
capabilities project time management team.

Lack/shortage of tools for planning and
monitoring project schedule.

5.2.2.Cost management area

Principal axis factoring with orthogonal (Varimax) rotation was applied over 10 of the

MM OFNAIFIofSa 2F GKAa FNBF a G4KS @I NRI O

SEGSNY It béeh é&duiléd dué ltoRow communality. The Kaldeyer-Olkin
measure was calculated to verify the adequacy of the sample. The KMO value for all
variables was equal to 0.811 and for individual elements the KMO value was greater
than 0.65. The approximate @hisquare was 321.079 with 45 degrees of freedom,
which is significant at a 0.001 level of significance as p=0.000 < 0.001, meaning that the

data were sufficient for EFA.

According to the scree plot the number of factors which should have been extracted
was 3. Kaiser criterion also indicated that 3 factors had eigenvalues greater than 1 and

in combination explained 51.71% of the variance (see Figllieand Table23).
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Table23 Total variance explainedCost management complexity area

Initial Eigenvalugs Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Factor | Total | %ofVariance | Cumulative% | Total | %ofVariance | Cumulatve % | Total | %ofVariance | Cumulative %
1 381 38114 30114 3465 34,646 34,646 2,394 234938 23938
2 1,719 17,188 56,302 1,266 12,658 47,304 1,924 19,236 43173
3 1,005 10,082 66,355 A78 5,781 53,084 991 g.911 53,084
4 T47 TAT1 73825
5 87 6,166 79,891
b A7 4,969 84,860
7 M7 4,769 89,730
B A 4110 53,840
§ 37 341 7,211
10 278 2789 100,000
Extraction Methad: Principal Axis Factaring.
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Figure21 Scree plot Cost management complexity area

As a result, there was an agreement between the two criteria about the number of

factors that should have been extracted and retained. The fact that the residual matrix

had only 4% of values greater than 0.05, which is less than 50%, was an encouraging

indication for the fitness of the model (Field, 2009).
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In Table24,the extracted factors with their clustered variables are presented.
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Table24 EFA resultsCost management complexity area

Extacied factors Narabes

1. Organizatio® a cost Low accuracy of analytical cost estimates due
managementapabilities project external dependencies (e.g. tin

restrictions, economic  condition, politic:
environment etc.).
Lack/shortage of specialized cost estimati
method and tools (e.g. use of wédhown methods,
availability of specialized software etc.).
Insufficient cost management experience witt
project management team.
Lack/shortage of histori¢@ost estimation data
Irregularities in project cash flows (e.g. frequer
of delay, diversities in delay duration etc.).
Lack/shortage of tools and processes for traci
monitoring and reporting project cost progress.

2. Complicated financial structur Project is financed by large number of stakehold

and processes (Consider if as number of stakeholders that finar

project increases, project cost manageme
complexity increases also).
Time consuming processes for project payme
approvals.
Intensive and time consuming project financi
reporting.

3. Long project duration Long project duration.

5.2.3.Quality management area

Principal axis factoring with orthogonal (Varimax) rotation was applied over the 11
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the
adequacy of the sample. The KMO value for all variables was equal to 0.779 and for
individual elements the KMO value was greater than 0.63. The approximate -of Chi
square was 427.283 with 55 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001, meaning that the data were sufficient for EFA.

According toscree plot the number of factors which should have been extracted was
3. The Kaiser criterion indicated that 2 factors had eigenvalues greater than 1 and should

have been extracted (see Figure 22 and Table 25).
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Figure22 Scree ot ¢ Quality management complexity area

Table25 Total Variance explainegiQuality management complexity area

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Factor | Total | %ofVariance | Cumulative% | Total | %ofVariance | Cumulative% | Total | %ofVariance | Cumulative %

4,369 39,716 39,716 3919 35,626 35,626 2389 N7 21,720
2 1,777 16,152 55868 1362 12,382 48,008 1,837 16,686 38,416
3 peich] 9,080 64,548 157 6,084 54892 1812 16476 54,892
4 761 6,919 71,866
§ 633 5752 77618
f 08 5532 83,150
7 560 5,080 88,240
] 485 4138 92,378
] 3 2918 45,297
10 0 2821 48,118
il 207 1,882 100,000

Extraction Method: Principal Axis Factoring

However, the third factor had an eigenvalue equal to 0.999 which is marginally less
to 1. Therefore, considering that the two conditions that provide high credibility to the
Kaiser criterion (as described in a previous section) were partially satisfied, th
suggestion of scree test, to extract 3 factors seemed as more accurate. To resolve that
conflict, the suggestion by Costello and Osborne (2005) was followed and analysis was
performed by extracting either 2 or 3 factors. The results were profoundly batte
terms of interpretation, eliminating cross loadings variables and in total variance
explained from the extracted factors in solution with 3 extracted factors. Therefore 3
factors were extracted, which in combination explained 54.89% of the variahedadt

that the residual matrix had only 20% of values greater than 0.05, which is less than 50%,

was an encouraging indication for the fitness of the model (Field, 2009).
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In Table26,the extracted factors with their clustered variables are displayed.

Table26 EFA resultsQuality management area

Exiracid factors Varablos

1. Inadequacies in qualit Insufficient communication of quality goals
management design policies and responsibilities within proje
organization.

Lack/shortage of historical quality manageme
data.

Not use of welknown quality managemen
procedures.

Lack of tools and processes for planning, trac
monitoring and reporting project qualit
management result.

Process immaturity (consider the progress
development of a wide project manageme
approach, methodology, strategy, and decisic
making process).

2. Organizatio® a quality  Lowmanagement commitment to project qualit
managementapabilities management (e.g. management preference
retain time - cost restrictions versus qualit

restrictions).

Lack of quality culture of project stakeholde
6S®3a D a0F1SK2ft RSNAQ
commitment to qualitymanagement).
Missing of QA organization department

3. Rigorous quality contro Quality requirements as stated in project qual

procedures plan.

Existence of external quality audits.
Existence of thorough quality manageme
procedures within ~ customer/contractor
organization.

5.2.4.Communication management area

Principal axis factoring with orthogonal (Varimax) rotation was applied over the 12
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the
adequacy of the sampleThe KMO value for all variables was equal to 0.763 and for

individual elements the KMO value was greater than 0.54. The approximate -of Chi
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square was 464.962 with 66 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 001, meaning that the data were sufficient for EFA.

Scree Plot

Eigenvalue

Factor Number

Figure23 Scree plot; Communication management complexity area

Table27 Total variance explainedCommunication management complexity area

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Factor | Total % ofVariance | Cumnulative % Tatal % of Variance | Cumulative % Total % ofVariance | Cumnulative %
1 4,198 34971 34,871 3746 216 .28 2643 22,076 22,076
2 1,970 16,416 51,386 1,546 12,883 44,089 2,003 17445 39,521
3 1,380 11,585 62,871 909 7,571 51,670 1458 12,149 51,670
4 843 7,857 70,828
5 682 5,687 76,516
g 627 5,226 81,741
7 543 4529 86,270
8 485 4041 90,31
g 377 314 93,452
10 297 2,476 95,828
11 285 2372 98,300
12 204 1,700 100,000

Extraction Method: Principal Axis Factaring.

According to scree plot the number of factors which should have been extracted was
4. The Kaiser criterion indicated that 3 factors had eigenvalues greater than 1 and should
have been extracted (see Fig@@andTable 27. Asscreetest often overestimates the
number of factors for extractiarwhile the Kaiser criterion underestimates the number
of factors needed to be extracted, it was decided, (following the suggestion of Costello
and Osborne), to perform the analysis byrexting either 4 or 3 factors and compare
0KS NBadzZ G6ad ¢KS |ylfeara NBadz Gax ol aSR
results of extracting 3 factors. The extra factor that was extracted contained only one
variable which was clustered very Welith the other variables in the solution with 3
extracted factors. Therefore, the 3 factors solution was selected. These factors in

combination explained 51.67% of the variance. The fact that the residual matrix had only
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24% of values greater than 0.0%iwh is less than 50% was an encouraging indication

for the fitness of the model (Field, 2009).
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In Table28,the extracted factors with their clustered variables at®wn.

Table28 EFA resultsCommunication management comple4xity area

1. Organizatio® a communication Insufficient communication managemel
managementapabilities experience within project managemetgam.

Shortage in communication media toc
(Consider availability of media tools for vario
communication types e.g. face to face, or
written etc.).
Not clear communication lines (refers to lack
definition of communication hierarchy, structut
and preferred type of communication betwee
project organizational levels and teams).
Not clear job description and work assignment

2. Communication constraints du Geographical distribution of project stakeholde

to project structure and staffing DiversityA y LINRP 2SOG &adl 1 SK
Culture differences between projec
stakeholders.
Number of organizations composing the proje
team.

3. Density of project communicatiol Labour time spend in communication process
by project team members (considdgime for
preparing, participating and  evaluatir
communication process).

Heavy and frequent project reporting.
Frequency of formal in person communicatior
meetings / presentations.

Requirements for communication due to hig
project visibility (considerlocal communities,
authorities, public etc.).

5.2.5.Human Resources management area
Principal axis factoring with orthogonal (Varimax) rotation was applied over the 14
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the

adequacy of the sample. The KMO value for all variables was equal to 0.819 and for
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individual elements the KMO value was greater than 0.74. The approximate -of Chi
square was 637.724 with 91 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001, meaning that the data were sufficient for EFA.

Scree Plot

Eigenvalue
4

Factor Number

Figure24 Scree plot HR management area

Table29 Total variance explainedHR management complexity area

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Sguared Loadings
Factor Total % of Varance Cumulatve % Total % oofWarance | Cumulative % Total % ofWarance | Cumulatve %
1 5,348 38147 38187 4,942 35,300 35,300 2445 17419 | 17815
2 1,12 12,229 50 426 1,302 9,300 44,600 2450 15,354 33173
3 1.465 10,462 50.888 1181 g,218 52819 2,039 14,568 47,741
4 1.084 7,742 68,630 G625 44681 57,280 1,335 9,539 57,280
5 BIT 54049 74,530
f (=:11] 4,640 791479
7 28 4,484 81662
8 Kbl 3,545 B7.207
4 452 3 50438
10 346 2470 42,908
" e 2275 85182
12 .2a2 201 67193
13 238 1,808 58842
14 155 1,108 400,000

Extraction Methad: Principal Axis Faclaring.

According to screplot, the number of factors which should have been extracted was
4. The Kaiser criteon also indicated that 4 factors had eigenvalues greater than 1 which
in combination explained 57.28% of the variance (see Figdrand Table 29. As a
result, there was an agreement between these two criteria about the number of factors
that should hae been extracted and retained. The fact that the residual matrix had only
the 15% of values greater than 0.05, which is less than 50%, was an encouraging

indication for the fitness of the model (Field, 2009)

¢KS awz2il SR T OO0 2 NJ ¥mgs aftdr Eofatiord (Ke Appendixk S ¥
B). From this table, we can notice that there were three cross loading variables, variable

3 in factor 1 and 4, variable 8 in factor 1 and 2 and variable 9 in factor 2 and 4 ,which
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indicate that these three variables shdube considered for exclusion. However, all
variables had a significant difference in the loadings between the factors and in terms
of interpretation, they fitted well on the factor with the higher loadings and with the

other clustered variables on thaa¢tor and therefore it was decided to keep them.

In Table30,the extracted factors with their clustered variables are presented.

Table30 EFA resultsHRmanagement complexity area

Exiracied factors Varcblos

1. Project teamcohesion Number of new recruitments required by th
project.
Turnover of project staff members (Consic
frequent changes in project staffing).
Project not fully staffed.
Existence of employees working pdirne in the
project.
Low level of team cohesion.
(Consider geographical distribution, differe
nationalities, cultures etc.).
2. Organizatio®@ 3HR managemen Insufficient HR management experience witt
capabilities project management team.
Availability of HR department or HR servic
within hostingorganization.
Lack of historical HR management data.
Lack of tools and processes for plannii
monitoring and tracking HR management.
3. HR management constraints du High percentage of outsourced work within t
to team structure project.
Number ofproject subgroups within the project.
Number of different types of project groups.
4. Project team size and sk Size of project team.
diversity Number of different technical,behavioura)
contextual skills required.

5.2.6.Procurement management area

Principal axis factoring with orthogonal (Varimax) rotation was applied over the 13
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the
adequacy of the sample. The KMO value for all variables was equal to 0.851 and for

individual elements the KMO value was greater than 0.719. The approximate -of Chi
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square was 620.661 with 78 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001, meaniraj the data were sufficient foEFA.

According ¢ scree plot, the number of factors that should have been extracted was
3. The Kaiser criterion also indicated that 3 factors had eigenvalues greater than 1 and
in combination explained 586% of the variance (see Figu2d and Table31). As a
result, thele was an agreement between the two criteria about the number of factors
that should have been extracted and retained. The fact that the residual matrix had only
16% of values greater than 0.05, which is less than 50%, was an encouraging indication
for the fitness of the model (Field, 2009)

Scree Plot

Eigenvalue
il

Factor Number

Figure25 Scree plot, Procurement management complexity area

Table31 Total variance explainedProcurement management complexity area

nitial Eigznvalues Extraction Sums of Squared Loadings Rotation Surns of Squared Loadings
Factar Tolal % of Variance | Cumulative % Tolal % of*ariance | Cumulatie % Tata % ofVanance | Cumulative %
1 5,894 45,340 45 340 5452 41,940 41,940 2 ELE 22300 22,300
2 1375 10.578 55010 R T.043 43,938 2482 16,089 4,380
3 1,237 9,513 65,432 828 6,172 55,380 1.E16 1391 55,360
4 AT 5287 70,715
5 JGEa0 5,078 75,708
B G626 813 80,605
T a7 3824 94,433
] 482 3,700 33,142
9 A4 3,765 91407
10 it 28N 94,218
i1 eI 2,358 96,575
12 268 2,062 98,638
13 177 1,362 100,000

Exfraction Mathod: Frincipal Axs Facioning

¢KS aw2z2il GdSR ows thelfatdbdloxtings MiieErétatian Ksee Appendix
B).

In Table32,the extracted factors with their clustered variables are presented.
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Table32 EFA resultsProcurement management complexity area

1. Density of procurement proces Number/variety of supplies.
Number/variety of suppliers.
Percentage of new suppliers/subcontractors (€
first time selected).
Variety of procurement contract types.
Number of contracts or sub contracts must
managed simaidneously.

2. Organizatio®@ a procurement Not clear or not existing definition of procureme

managementapabilities policies and procedures.

Lack of automation within the supply chain.
Lack of historical procurement management dat
Lack/shortage of tools for planning and monitori
and tracking procurement processes.
Insufficient procurement management experien
within project management team.

3. External barriers in projec Procurement restriction imposed byexternal

procurement process (legislation, regulation) and internal (preferre

suppliers, compatible technology, similar cultu
project factors.
Unavailability/scarcity of supplies and/or service
Ly 1ly26Yy adzZJJ ASNDa | dz

5.2.7.Risk management area

Principal axis factorm with orthogonal (Varimax) rotation was applied over the 8
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the
adequacy of the sample. The KMO value for all variables was equal to 0.858 and for
individual elements the KMOalue was greater than 0.74. The approximate of-Chi
square was 297.375 with 28 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001, meaning that data were sufficient for EFA.

According to scree plot the number ofctars which should have been extracted was
2. The Kaiser criterion also indicated that 2 factors had eigenvalues greater than 1 and
in combination explained 53.06% of the variance (see Figure 26 and Table 33). As a
result, there was an agreement betweenetitwo criteria about the number of factors
that should have been extracted and retained. The fact that the residual matrix had only
10% of values greater than 0.05, which is less than 50%, was an encouraging indication

for the fitness of the model (Fiel@009).
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Table33 Total variance explainetiRisk management complexity area

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squarad Loadings

Factor | Total | %ofVariance | Cumulative % |  Total %ofVariance | Cumulative% | Total | %ofVariance | Cumulative %
1 3,960 49495 49,495 3,492 43647 43647 2471 30,882 30,862
2 1183 14783 84,277 754 9422 53,089 1,778 22,186 53,069
3 615 7,689 71,966
4 563 7,039 79,005
5 510 6,380 85,385
i ATE 5,935 91,320
7 369 4817 95,937
8 325 4,063 100,000

Extraction Method: Principal Axis Factoring.
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Figure26 Scree plot Risk management complexity area
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B). From this table we camoticethat there is one cross loading variable, the variable 1

in the factor 1 and 2 which is afactor that indicates that his variable shoulde

considered for exclusion. However, the variable has a significant difference in the

loadings between the two factors and in termsmaterpretation, it fits well on the factor

with the higher loadings and with the other clustered variables on that faetmd

because ofhat, it was decided to keep it.

In Table34,the extracted factors with their clustered variables are shown.

Table34 EFA resultsRisk management complexity area

1. Organizatio® disk managemeni Lack/shortage of processes and tools
capabilities

analysing,

data.
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accessing,
implementing risk responses.
Lack/shortage of risk historical manageme

quantifying risks ¢



Exracted faciors Varabes

Insufficient risk management experience witt
project managerant team.

Lack/shortage of tools for project plannin
monitoring and control.

2.  Project risk density Not clear (detailed) definition of project ris
management policy and response strategy.
Number of high risk areas /major risks.

Lack of flexibility oproject management plan fo
implementing risk responses (e.g. Due
contractual restrictions).

Existence of risk responses with major impact
project.

5.2.8.5cope management area

Principal axis factoring with orthogonal (Varimax)) rotation was applied b¥esf
iKS Mo QINARIFIOoftSa 2F (GKA& | NBI o00FNAIFotS
NEBIljdzZA NBYSy da LINAZ2NRAGA&lI GA2YE KIR 0S8Sy SE
a previous section). The KaiddeyerOlkin measure was calculated to verify the
adequacy of the sample. The KMO value for all variables was equal to 0.809 and for the
individual elements the KMO value was greater than 0.61. The approximate -of Chi
square was 520.855 with 66 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001, meaning that data were sufficient for EFA.

According to scree plot the number of factors which should have been extracted was
3. The Kaiser criterion also indicated that 3 factors had eigenvalues greater than 1 and
in combnation explained 55.38% of the varian(see Figure27 and Table35). As a
result, there was an agreement between the two criteria about the number of factors
that should have been extracted and retained. The fact that the residual matrix had only
the 16% of values greater than 0.05, which is less than 50%, was an encouraging
indicationfor the fitness of the model (Field, 2009).
¢KS aw2dl G6SR FrOd2N) YIiINREE aKz2ga (GKS 7T
B).

140



Scree Plot

Eigenvalue

o

T T T T T T T T T
1 2 3 4 s [ 7 El E] 10 1 12

Factor Number

Figure27 Scree plot, Scope management complexity area

Table35 Total variance explainedScope management complexity area

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Factor | Total % of Variance | Cumnulative % Total % of Variance | Cumulative % Total % of Variance | Cumnulative %
1 4,749 39,573 39,573 4310 35,919 35919 3452 28771 28,771
2 1,888 15,733 55,306 1,508 12,538 48,458 1,803 15,025 43,796
3 1,281 10,675 65,980 830 6,919 55,377 1,390 11,581 85,377
4 789 6,578 72,658
5 (652 5,432 77,890
6 595 4,857 82,047
7 485 4,044 86,891
8 ,394 3,286 90,277
] 362 3015 93,291
10 341 2,844 96,136
" 247 2,061 98,197
12 216 1,803 100,000

Extraction Method: Principal Axis Factoring.

In Table36,the extracted factors with their clustered variables are presented.

Table36 EFA resultsScope management complexity area

Extracted actors Varabes

1. Density of project requirements Number of sources for eliciting requirements.
Project size.
Number of requirements.
Percentage of requirements interdependencies.
Requirements dependencies from external fact
(e.g. Technological changes, economic chan
dependencies from law and regulatior
organizational changes etc.).
Number of interfaces with other systems.
Number of norfunctional requirements.

2. Organizatio® scope Insufficient scope management experience witt

managementapabilities project management team.

Lack/shortage of specialized tools and processe
defining requirements.
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Exracted faciors Nariables

Lack of historical scope management data.

3. Quality of requirements Requirements characteristics causing uncertai
(e.g. requirements  volatility, ambiguity
immaturity, conflicts etc.).

Low quality of product/service requiremen
specifications (e.g. requirements ambigui
inconsistency, traceability etc.).

5.2.9.Integration management area

Principal axis factoring with orthogonal (Varimax) rotation was apmiezt the 14
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the
adequacy of the sample. The KMO value for all variables was equal to 0.828 and for the
individual elements the KMO value was greater than 0.64. The approxiaia@hi
square was 629.520 with 91 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001, meaning that data were sufficient for EFA.

According to scree plot the number of factors which should have been extracted was
3.The Kaiser criterion also indicated that 3 factors had eigenvalues greater than 1, which
in combination explained 52.42% of the variance (see FiftBemnd 37. The fact that
the residual matrix had only 26% of values greater than 0.05, which is less than 50%, was

an encouraging indication for the fitness of the model (Field, 2009).
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Figure28 Scree plot, Integration management compléy area
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Table37 Total variance explainetlintegration management complexity area

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Factar Total % ofVariance | Cumulative % Total % ofVariance | Cumulative % Total % of Variance | Cumulative %
1 5,619 40,135 40135 5,154 36,813 36,813 3,291 23,504 23,504
2 1,796 12,825 52,960 1,359 9,705 46,518 2,898 20,702 44,206
3 1,290 9,216 62177 827 5,908 52,426 1,151 8,220 52,426
4 877 6,266 68,442
5 709 5,066 73,509
g 657 4,689 78,198
7 625 4,464 82,662
g A1 3,648 86,310
] 453 3,235 89,545
10 400 2,860 92,405
11 334 2,388 94,793
12 310 2,215 47,007
13 ,239 1,710 98,717
14 180 1,283 100,000

Extraction Method: Principal Axis Factoring

VN
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In Table38,the factors extracted with their clusteredxiables are displayed.

Table38 EFA resultsintegration management complexity area

Exacied faciors Variables R

1. Integration constraints  due Project technical /business innovative.

project characteristics System architectureomplexity (e.g. Technolog'
functional, data, interface complexity etc.).
Volatility in project requirements.
Insufficient integration management experien:
within project management team (e.g. chan
management).
Uncertainty of project product developméedue
to external changes.
Diversity and conflicts of interests of proje
stakeholders.
New or unproven technology being used.

2. Organizatio® & integration ' Not fully defined project scope and requiremen

managementapabilities Lack/shortage  of historical Integration
management data.
Lack/shortage of tools and processes
supporting change management (e.
configuration tools).
Lack of change management processes.
Lack shortage of tools for monitoring ar
measuring performance of various projetages.

3. Density of deliverables Number of intermediate deliverables.
Control of deliverables (e.g. lifecycle
acceptance).
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5.2.10. Stakeholders management area

Principal axis factoring with orthogonal (Varimax)) rotation was applied over the 7
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the
adequacy of the sample. The KMO value for all variables was equal to 0.812 and for
individual elements the KMO value was greater than 0.73. The approximate -of Chi
square was 320.485 with 21 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001, meaning that data were sufficient for EFA.

According to s@e plot the number of factors which should have been extracted was
2. The Kaiser criterion also indicated that 2 factors had eigenvalues greater than 1 and
in combination explained 60.61% of the variance (see Fig@rand Table 39. As a
result, there wasan agreement between the two criteria about the number of factors
that should have been extracted and retained. The fact that the residual matrix had only
19% of values greater than 0.05, which is less than 50%, was an encouraging indication

for the fitness of the model (Field, 2009)
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Figure29 Scree plot Stakeholders management complexity area
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Table39 Total variance explainedStakeholders management complexity area

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Factor | Total | %ofVariance | Cumulative% | Total | %ofVariance | Cumulatve% | Total | % ofVariance | Cumulative %
1 3931 49133 45133 3464 43,296 43,296 132 29,062 29,062
2 1,218 15228 4,361 T4 9677 52973 1813 2381 52873
3 B21 7,766 2127
4 K 1172 78,299
§ 495 6,190 85,489
§ 467 5,435 01,328
7 367 4589 95613
B 327 4,087 100,000

Extraction Method: Principal Axis Factoring.

In Tabled0, the factors extracted with their clustered variables are presented.

Table40 EFA resultsStakeholders management area

Extracied faciors Varables

1. Density of stakeholder: Number of stakeholders.
management bdzY6SNJ 2F RAFTFSNByG &
Existence of stakeholders wil

different/conflicting interests.
Existence of stakeholders with negative attitu
about the project.
Existence ofcommunication barriers betweel
groups of stakeholders.
2. Organizatio® a stakeholders Lack of structured methodology and tools

managementapabilities stakeholder management (identificatiol
prioritization).
Lack of specific strategy to enhargtakeholder§
engagement to project.

5.2.11. Technical factors

Principal axis factoring with orthogonal (Varimax) rotation was applied over the 17
variables of this area. The Kaiddeyer-Olkin measure was calculated to verify the
adequacy of the sample. The KM@lue for all variables was equal to 0.836 and for
individual elements the KMO value was greater than 0.68. The approximate -of Chi
square was 943.290 with 136 degrees of freedom, which is significant at a 0.001 level of

significance as p=0.000 < 0.001,aning that data were sufficient for EFA.
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Figure30 Scree plot Software development Technical factors complexity area
Table41 Total variance explainedSoftware development Technical factors complexity area

Total Variance Explained

Initial Elgenvalugs Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Factor Taotal % of Vanance | Cumulative % Total % ofVanance | Cumulatve % | Total % of Vanance | Cumulative %
1 5,682 39,306 39,306 8,283 36,956 36956 | 3,708 2,815 21,815
2 2,385 14,028 53,314 2,044 12,023 48978 3118 18,320 40,145
3 1,401 8,243 81,577 1,120 6,587 55 565 2014 11,846 51,091
4 1,114 6,551 52,128 JT85 4677 60,242 1,403 B.251 60,242
5 783 4,486 72614
6 624 4,025 76,638
7 623 3,666 80,305
] 584 3,438 83,743
8 823 3075 BEB1T
10 474 2,816 89,633
11 ADS 2,380 22,03
12 357 2,097 94111
13 272 1,602 85,712
14 245 1,443 47,155
15 184 1,141 93,286
16 A53 Bg8 83,194
17 137 ,B06 100,000

Extraction Mathod: Principal A<ls Factoring.

According to scree plot the number of factors which should have been extracted was
4. The Kaiser criterion also indicated that 4 factors had eigenvalues greater than 1 and
in combination explained 60.24% of the variar{see FigureS0 and Table 4). As a
result, there was an agreement between the two criteria about the number of factors
that should have been extracted and retained. The fact that the residual matrix hgd onl
15% of values greater than 0.05, which is less than 50%, was an encouraging indication
for the fitness of the model (Field, 2009)
¢KS aw2dl G6SR FrOd2N YIiINREE aKz2ga (GKS 7T
B).

In Tabled2,the extracted factors with their clustered variables are presented.
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Table42 EFA resultsSoftware development Technical factors complexity area

1. Organizatio® a technological Architecture risk resolution (How are the ris
capabilities mitigated by architecture).
Lack / not use of software tools that aid tf
development.
Programming language level/generation.
Not use of wetknown and modern developmer
models (software engineering methods)
Low level technical expertise of developme
team.
Low level domain/application knowledge
development team.
2.  Product development constraints Developed for reusability (Consider to wh
extend the components should be reusable).
Low development flexibity (How strong are the
constraints of the system e.g. cost, time, qualit
Platform volatility, software portability (Tim:
span between major changes).
Completeness of design (The amount of desig
completed when starting coding).
Hardware concurrentievelopment.
Product functional complexity.
3. Product quality requirements Required high software reliability.
Number of norfunctional requirements.
Number of security requirements / constrains.
4. Software size Size of application database.
Software(code) size.

5.3. Results of 2nd survey and data analysis

The identification of structured relationships between the complexity factors of the
initial list of 135 complexity factors (variables) in the previous stage allowed their
reduction to a final list oB5 complexity factors. The next step was the determination
of their relative importance in relation to total project complexity. This was achieved by
assigning weights to each complexity factor by conducting a survey and applying the

AHP multcriteria decision method.

The first step of AHP methodology was to create the problem hierarchy starting from
the top with the goal or the decision, defining next the criteria based on which the main
goal was composed of, and finally defining the set of alternatilrats constituted the

lower level. The designed hierarchy can be seen in Figfure
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In this research, only the lower level of hierarch was quantified using expert
judgement. The above criteria were assumed to have equal weights. The weighting of

these criteia can be included in later model modifications.

As a next step, a questionnaire was formed according to the criteria discussed in
section 4.54.2. The survey was carried out during September and October 2016,
through personal interviews with the respoeis. At the beginning, a brief description
of the scope and the aims of the survey was given followed by a presentation of the

alternatives. Then, experts were asked to provide their answers.

The answers were evaluated for their consistency and the ntgjofithem had an
inconsistency level below 0.1. In few cases, where the inconsistency index was above
that threshold, it was asked from the responders to review and refine their judgements,

in order to reduce the inconsistency in their responses.

In Figue 32, the results of AHP analysis are presented giving the weight of each

complexity factor with respect to its parent criterion.
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Figure31 AHP hierarchy of the proposed model
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TECHNICAL

Complexity factors weights
Protracted project /activities duration - 0.087
Project activities resource constraint_ 0,281
Organization's time management capabilitie- 0.225
Density of project schedule- 0.214
Density of project activities - 0,193
Software size || 0,307
Product quality requirements _ 0,290

Product development constraints- 0,200
Organization's technological Capabilitie- 0,203

hNBEYyATFdA2yda adl 1 SKkz ¢ RSHEISENENENE 0556/ 0 OF LI o

Density of stakeholders managemer— 0,484
Quality of requirements | NN 0.433
Organization's scope management capabiliti- 0,255
Density of project requirements [l 0,312
Project risk density _ 0,602
Organization's risk management capabiliti_ 0,398
Rigorous quality control procedure_ 0,440

Organization's quality management capabiliti- 0,288
Inadequacies in quality management desigiiliil 0,272
Organization's procurement management capabiliti_ 0,412
External barriers in project procurement proce- 0,307
Density of procurement proces- 0,281
Organization's integration management capabiliticl 0,293
Integration constraints due project characteristic_ 0,401

Density of deliverables [l R 0,306

Project team size and skill diversityj g 0,265
Project team cohesion_ 0,342
Organization's HR management capabiliti- 0,208

HR management constraints due to team structu- 0,184
Organization's cost management capabiliti- 0,313

Long project duration [l 0.235
Complicated financial structure and process_ 0,451

Organization's communication management capabiliti_ 0,382

Density of project communication |l 0,366
0252

o 01 02 03 04 05 06 0,7 08 09

Figure32 AHP results Complexity factors weights with respect to their parent criterion
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5.4. Summary
In this chapter, the surveys conducted during this research and the results of the
statistical analysis were presented. These results guided us in the selection of the set of

factors that are affecting software project complexity.

Inthe next chapter, thenodel for assessing software project complexity is presented.
Subsequently, the validation results from applying the proposed model to five selected

software projects are given and discussed.
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6. Project management complexity framework

6.1. Introduction

In this chapter, the development of the complexity framework is presented in detail.
The framework is composed of a list of complexity factors, a complexity model and a
software tool, which implement this model and assist the complexity assessment
process inprojects. The list of complexity factors being used has been presented in
Chapter 5. In this chapter the basic principles, parameters and mathematical formulas
of the model and accompanied tool are defined. In continuation, the data and methods
in form oftools and techniques that was used to examine model validation, as described
in section 4.5.5 are presented in detail. Finally, the results of the validation process are

discussed.

6.2. Modelling project complexity

This research proposes a linear scale taleate each one of the 35 complexity
factors identified. The scale ranges between 0 and 10, where 0 stands for no
contribution or no applicability or no significance of this factor to the project
managemenprocess while 10 stands for extremely high cdnition or applicability or
significance of this factor to project process. Based on the above, a questionnaire was
formed using google forms. It should be noted that the questionnaire included two
j dzZSaGA2yas Ay NBOSNES T2NyIQR KISKAY2 YEK S YN
NBIljdZANBYSyGae Ay 2NRSN) 2 AYLINRGS dzy RSNE
indicated lower contribution or significance of these factors to project complexity. The
values of these questions, before used in model catmra, were transformed

according the following formula:
Factor_value = 1§responder_value

As such, project managers can evaluate each complexity factor in a consistent way.
An example of a question can be seen in Fi@&ewhile the whole questionneg can

be seen in Appendii
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- Density of project communication™

(Consider: labour time spending in communication processes, heavy and frequent reporting, frequency of formal in person
communication, communication requirements due to high preject visibility)

Figure33 Example of question

The scales used to assess the complexity factors are not fully quantitative, in terms
that they are not definedby specific boundaries for each choice. For example, for the
factor displayed in the previous picture, there are not set specific boundaries that
correspond to the numerical values. Because of that, the scale can be characterised as
semiquantitative, allowng a level of subjectivity on the answers. However, as it has
been discussed in Chapter 2, complexity in projects is subjective. Different users with
different experience, knowledge level, background and personality may have different
perceptions of compbety. Furthermore, different organisations with different
characteristics in size, domain knowledge, human resources, experience etc., will
evaluate the complexity of a specific project differently because of all these different
characteristics. When eaane of these organisations need to evaluate the complexity
of two or more projects that they are interested in undertaking, it will evaluate each
complexity factor proposed in this model using the same subjective criteria. This will
allow each organisatioto compare the expected complexity of projects in order to
make the most suitable selection using the same subjective approach. The fact that
different organisations will probably evaluate the complexity of a project differently is
not significant for theorganisation itself. Thus, the model proposed in this research
should grasp this subjectivity, and the structure of the scale used to assess the

complexity factors allows that.

It is worth noting that if a project manager considers that these factorscamplex
and cannot be assessed directly, they can be brokenarget ofsimplervariables This
is due to CFA method was followed (see section 2.H)), which allowseach factorto
beevaluated byh (cénétituent variables. As such, every complexity factor proposed can
be considered as composite factor and can be decomposed, if needed, into a set of
simpler factors/variables. It is proposed that the scale used to assess the censtitu

variables/factors to be theame as the one used for the initial composite factor.
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Finally, the complexity level of the overall projecassesseth values between 0 and
10 with higher values indicating higher complexity. Specifically, a value of O indicates
b2 LINRP2SO4 ®ORNILBE SEAGE t dzS 2F wmn AYyRAOI
O2YLX SEAGEE @
Overall project complexity (OPC) is calculated by the use of the following formula:
.3.5
OPC=g CFVj* CFGW
j=1
where
CFGW is the Complexity Factor Global Weight of j factor, and

CFY. is the Complexity Factor Value of j factor.

In case of composite Complexity Factors, the CFV is calculated similarly by the

following formula:
CFVj= & _ MtrVi* Mtrwi

where n is the number of constitunt factor/variables called Metrics in this model.
MtrVi: is the value of metric i, and

MtrWi: is the weight of metric i

In every case, the weights of metrics (Mt)hat correspond to a complexity factor

are summarized to 1. The same applies for the weights;(GFall complexity factors.

6.3. Modelling Project Management Complexity Assessment Tool
(PMCAT)

One of the main objectives for the design of the Project Management Complexity
Assessment Tool (PMCAT), beyond the automation of complessyssmenprocess,
was to design an overall software service that will allow project managers to experiment,
develop their own complexity models if needed, and to apply these modetbe

evaluatal projects. The intention was to use this tool as a collaborativé flmothe PM
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community either for complexity model development and validation or for project

complexity assessment.

Five basic concepts/entities were defined and used, namely: Project, Model,
Complexity Factor, Metric and Evaluation Scale. The Projeity éntused to describe
each project under evaluation. Each project is evaluated by the use of one or more
models. These models can be custom developed models, for the needs of the specific
project, or can be selected by of pool of models available toegtonanagement

community.

Each Model is composed sd¢veral Complexity Factors, factocombined in a unique
way for the needs of a specific project or for categories of projects. In every Model, each
Complexity Factor is correlated with a specific weitdpat represents the contribution
of this factor to the project complexity. It is not unlikely that the same factor has
different weights when it is participating in different models. The calculation of the
| 2 YL SEAGE CI OG2NRna ashbikttsticddiegthods &nd fgauy' S &

decision techniques.

Similarly, a Complexity Factor is correlated with a number of Metrics. In a simple case
a Complexity Factor corresponds to a Metric. However, it is not uncommon to have
composite Complexity Fact®rthat require more than onenetric to be measured.
Finally, an evaluation scale is used to indicate how Metriassessedand can be
numerical, ordinal, scale, yes/no, etc. Predetermined evaluation scales satisfy the need

for consistency and homogeneity metrics evaluation.

By using this structure, a project can be associated with different models allowing the
execution of different scenarios in order to evaluate different project conditions and the
impact to the expected project complexity.

FurthermdNB = |y &l RGFyOSR dzaASNE Yl & AyidNRRdzO
evaluation scales that will allow the PM community to fully parameterize the tool

according to their project type and the specific project requirements.

The logical structure of theotl, as described above, is presented in Figi#ewhile

a samplamplementation of PMCAT tochn be seemt http://pmc.teilar.gr/pmctool .
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Figure34 PMCAT model

In thisresearch a model based on thénal 35 identified complexity facbrs it is
proposed. Each complexity factor is considered as a simple factor that can be evaluated
with the use of one metric which is the factor itself. However it is clear that the
usefulness and practical implication of the proposed teahbre wide and can be used
to implement various models and different approaches in compleagsgessmenthat

are beyond the scope of this research.

6.4. Model validation
In this section, the evaluation and validation process of the proposed model it is
presnted by applying the model to a set of software projects. The method of case study

was followed as described in section 4.5.6.

6.4.1.Case study design

Five software development projects were select@dpjects that were aiming at
delivering diverse softwarerpducts and implemented during the 3 last years in Greece
and other EU member statefn general, surces of complexity in these projects, as
described irsection 2.1.2 arehte dependencies from their environment, the conflicting
interests of their stakeholders, the requirements instability and ambiguity, the

interaction between the different organisations forming the project organisation and
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the interdependencies between varieyroject processes as present&pecifically fte
profile of these projects is presented in short in thable 43, while a more detailed
description following the table. Furthermore, descriptioof projects characteristics

exists in the form of projectharts documents in AppendiX.
Table43 CASE study projects overview

Project . Project Project Project Project
Project scope : . :
Ref finance client budget duration

. Minist f
MIS for monitoring nistry - ©

Project . , . finance of EU
) project financed by Public 9mdnnn 11 months
1 member
EU
state
GIS for motorinc .
~ Public L
. and managemen . Municipality
Project (National
the cadastre anc of Greek d9pnndn 8months
2 city plan of major and EU region
P . J funds) g
Greek city
Decision  suppor
PP Municipal

system (DSS) fol Public
Project effective water (National
3 management in and EU

organizations
in Greece ar 90 ®o0 p n 36 months

EU member
household and funds)
states
urban level
Decision  suppori
PP . Greek
system (DSS) fc Public . .
Project = personalised (National industries
and 9471 ¢pn ®n 27 months
4 management  of and EU Academic
HPV related = funds) L
) institutions
diseases
IS for supporting
students and
companies to Public
Project allocate and (National Greek
: . (Nat r. . 9mH N ®n 16 months
5 propose vocationa and EU University
placement and funds)
graduate job
positions

Project 1 aimed at developing a Management Information System (MIS) in order to
monitor and manage projects financed with EU funds. The project was financed by EU
Fdzy Ra KIF@Ay3a | G241 dd darauen3ddd d1 nodths. Mtdwasi 1 & n
implemented by a private sector company. The client was the Ministry of Finance of an
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EU member state. The project was geographicallyedgguas different parts of it was
performed at two EU member states. The project manager had 25 years of experience

in projects, 18 of them in management of software projects.

The complexity of this projeds sourcing firstly from the requirement for using
specific technology platformThisadded significant technical restrictions in software
development. Secondlyroject was heavily bureaucratic and the project organisation
structurewasburdenedby this. Thirdly, due to the nature of projedte probahlity for
requirements changesausedby legislationchangesmposed eitherfrom national or
from EU requestsvas high Finally, the geographical distribution tife project team

added another level of complexity to this project.

Project 2 aimed at deveping a Geographic Information System (GIS) for supporting
and monitoring the implementation of cadastre and city plans of a major Greek city. The
project was financed by the public sector (National and EU funds) with a total budget of
pnnodnnne dusation of 8 mdithsRIt was implemented by a private sector
industry. The client was the municipality of a Greek region. Due to its nature, the project
required a variety of different specialists from the information technology domain. The
project managehad 25 years of experience in projects 18 of them in the management

of software projects.

The complexity of this project according to its project manager is sourcing from the
low cohesion of the project team and thapplicable to the projectlegislation
Specifically, the projedeam beyondsoftware developerincludedseveralother types
of specialties such as topographers, urban plannlassyers and notaries, whiatot all
of them were full time dedicated to project. Thework, for severalof them, was
different and they had aole complementaryto the project Thiswas something that
affected their commitment twvards the project.On the other hand, thee were too
many local regulations that contradicting in many cases the general legislation,mgsulti
in a messy and complicatddgislationfor cadastreand city plan. Furthermore, this
legislation wasprone to frequent changes affecting the requirements specification.
Furthermore,the lack of dataled to manualdata entry, whichhowever it was not a
trivial process, as the owner of the data (central government or municipality or other)

was notknown.
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Project 3 aimed at developing a Decision Support System (DSS) to support better
water management in households and at urban level. The project wasctaalny the
LJdzof AO aSO02NJ 6blidA2ylf YR 9! Fdzy Ra0 &
duration of 36 months. It was implemented by a consortium of academic institutions,
private industries and public organizations which where and the beneficiafi¢gise
project. The project was geographically dispersed in five EU countries and a wide variety
of members originating from different domains was involved. The project manager had

14 years of experience in managing projects.

The complexity of project ®as sourcing mainly from the heterogeneity artde
different types of project stakeholders. In addition, the number of different types of
specialties witim the project team was another factor that negatively affected the
cohesion of the teamln a projectwith the above characteristiosonflicts of interests
could easilyarise between project stakeholdersvhichin turn couldnegativelyaffect
the projectprogress Another source of complexityn this project was the high level of
interdependences betwaethe project processes as a delayfailurein one of them
could significanthdelay orfail other processes antienceto jeopardise thesuccess of
entire project. Further,the geographical distribution of the tearthe lack of data related
to technicalaspects of the projecthe lack of commitment by some stakeholders and

the unstablemarket conditionsnfluenced the complexity of the project

Project 4 aimed at developing a Decision Support System (DSS) based on advanced
clinical diagnostic protocol®f the costeffective, personalised management of Human
Papilloma Virus (HPV) related diseases. The project was financed by the public sector
6bldA2ylf YR 9! FdzyRao0 ¢AGK | (G201t 0dz
months. It was implemented by eonsortium of academic institutions and private
industries. The project included a variety of members originating from different

domains. The project manager had almost 5 years of experience in project management.

The sources of complexity in project 4 were simvéth those of project 3 despite
the fact that this was aifferent type of project Specifically, project dad alsoa
significant level of heterogeneity in itd (i I { S K ®dmRafid\tkeaproject team
cohesionwas low.Project 4hada high level of interdependencies between its processes
as software development was highly depended from the development of a series of

biological or othermodels thatwere developed concurrentlyThese dependearies
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according toproject manager hadffected the requirements elicitation process for the
software being developedOther sources of complexity was the possible lack of data,
deficiencies in data quality and the lack of commitmé&aim some stakeholdershat

delayed their involvement to thproject.

Project 5 aimed at developing a wélased IS for supporting students to find both
vocational placement and graduate job positions, and for companies and institutions to
find the appropriate candidates fdhe vacancies. The project examined was a system
developed for a Greek University that was financed by National and EU funds, with a
G240t o06dz2RISG 2F mMundnnne YR Al KFER | Rdz
dzy A SNE A G & Qa Ay fe@mMthnsisting lofifacuySn@@lierd had Begldnce

developers. The project manager had a decade of experience in managing projects.

This projectalthough initially does not seem to be complex mainly due to its small
size and scope, according to its maeggncluded a significant level of complexity for
the following reasons. Firstly, the development team did not had significant experience
in team working . Secondly, the project was heavily bureaucratic in its financial,
procurement and various adminigitive processesand with many legal constraints
Thirdly, therewere cash flowslelays.Fourthly,there was a significantly difficulty in
eliciting requirements, especialfpr those requirementsthat concern norfunctional
requirements The two main typeof stakeholders involved in this staggudentsand
employers did not have the necessary experience in exprefissgequirementswith
clarity, accuracy and completene3ke abovendicate that the project had a substantial
number of dependencies fromts environment either internal or external, and
significant degree aincertaintyy that could affect its complexity as described in chapter
2. Therefore and considerinthat this research is focusing on perceived type of
complexity, which implicates thalifferent levels of complexity can be identified by
different organisations due to their different capabilities, it was decided to include this
projectin our case studyin order to examine if the level of complexity perceived from

the project manager igerified by the model.

The projects were selected after an interview that was conducted with the project
managers The scope of this interview was explain the purpose of this research, the
method followed in measuring complexitand to gather the necesry project

information. Eventually, a list of five projects implementing different type of software
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systems was chosen, ranging from a wesed IS, to MIS and DSS systems. Three of the
five selected projects were done in Greece by Greek companies, aseleveloped by

a Greek company for another EU member state and one was a multinational project
involving organizations and industries from five EU member states including Greece. The
criteria used for project selection was the availability of project nggama to participate

to this research, the accessibility and communication with them and the availability of
project data. Further, it was taken into consideration the need to have a list of projects
with similarities in some of their characteristics, inder to be able to examine the
granularity of the proposed complexity model. As such, project 1 and project 2 had the
same project manager, but a completely different type of software product was
developedand different sources of complexity were identifidéroject 3 and project 4
were related with the development of DSS systems with significant differences in their
financial, scheduling and regional parametbrg with great similarities in the sources

of complexity as described earligks that, it was @ood chance to examine if similar
complexity sources can give simievel of complexity iprojects in similar type projects

with significant different characteristicBroject 2, project 3 and project 4 in their project
teams included a number of spelisas from different industry domains not necessarily
related to software development. Projects budgets varied from tens of thousands of
euros to millions of euros. According to budget size, these projects were classified as low
to mid-range projects, whit in fact form the majority of the European software
projects. Also all projects were financed by public sector funds (National and/or EU
funds), which represents the typical finance of projects being developed in Greece in
recent years because of the eaamic environment. The duration of the selected project
varied from 9 to 36 months, which includes a wide range of projects a being developed.
Finally, one project manager had over two decades experience in managing software
projects, two project managersad experience close to a decade and only had one a
fAGGES fSaa GKIY FTAOS &@SINBEQ SELSNASYyOSO
do not limit the adequacy and the validity of the sample but form a set a baseline of
common characteristics thawill allow the comparative evaluation of the results
extracted by the proposed model and the examination of the granularity of the model.
It is argued that this approach is more appropriate than having a set of totally different
projects that could not pvide a basis that would allow the comparative evaluation of

model results.
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6.4.2.Data collection

This case study was performed in December 2016, using an electronic questionnaire
that was distributed to project managers through email. All project managers were
initially asked to perform anverallevaluation of the complexity of the project they had
managed based on their perception of complexity during the project execution. After
that, they were provided with the list of the complexity factors that had been
determined in the previous stage of this research and they were asked to assess them.
Finally they were requested to reconsider their initial assessment of the overall project
complexity in order to eliminate the probability of neglecting a complexity parameter
from their initial assessment. Their answers were collected and the weighted scoring
model described in the previous sectionagapplied, in order to calculate project

complexityusing the proposed tool

6.4.3.Analysis of results

Beforeanalysinghe results, it should be noted that a margiherror of 515% or 1.5
unit with respect to total conplexity scale is proposed for the model. The maajierror
defines the accepted difference between the value of complexity level calculated by the
model and the value of perceived complexity determined by project managers. The
value set was consideredceeptable for the following reasons: Firstly, the project
YIylF3aSNRa Sglrfdad A2y 61 a oFaSR 2y &adzomaSOo
from its very nature it is less accurate. Secondly, project managers were asked to
evaluate project complexity iy a linear scale with integer values e.g. 1, 2, 3 etc., while
model calculation allows the use of real number values in outcome. Third, due to
previous reason a margin error g% already exists because of the rounding from real
numbers to integer numhbs (e.g. all numbers from 4.5 to 5.4 are rounded up to 5, if
rounded with no decimals). Forth the model is applied to the initial steps of projects
where uncertainties are still high. Therefore, the marginerror suggested for the

model considered accegble if not too strict.

The results of the case study concerning the project complexity calculated by the
model and project complexity that was initially determined by the project managers are

presented in Tabld4.
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Table44 Case study Resultof model validation process

Project Perceived project Difference between the
Project complexityvalue complexityvalue two complexity values

name calculated by the  determined bythe (considering themargin of
model projectQ @anagers error)

Project 1 5.78 7 12.2% (or 1.22 units)
Project 2 3.70 6 23.0%(or 2.3 units)
Project 3 5.72 6 2.8%(or 0.28 units)
Project 4 5.68 7 13.2%(or 1.32 units)
Project 5 5.17 6 8.3%(or 0.83 units)

The results of the case study presentedpirevious table, was encouraging about
model validity. In 4 of 5 cases examined, the difference between the level of complexity
calculated by the model and the level of perceived complexity experienced by project
managers was less than 15% while in one d¢hgmas 23%. Specifically project 3 had a
difference of only 2.8%, as the values of calculated and perceived complexity Was 5.7
and 6 respectively. Project 5 gave the next best value about the fithess of the model
with a difference level between two valsef 8.3%. Projects 1 and 4 had a difference of
12.2% and 13.2% respectively that was also within the defined interval. On the other
hand, in project 2 the difference between the two values was 23%, which was outside
the defined interval, although it canhdye considered too big. In order to investigate
the causes for this miss, the basic projects characteristics weexamined as they
described in the project chart document. From that, it was identified that among the
main risks and constraints of thisgpect was the significant lack of digital data and the
variety in legislation that lead to messy legal foundation of the city plan and broke the
basic assumption of a stable city plan and solid legislation. The result was that
complicated requirements andoftware design existed, which probably affected the
whole project process. In the proposed model, two factors had been identified, aiming
G2 OFLIIdz2NS (GKSasS aAddza dAz2yad ¢KS TFANRG
constraints due to project characSNA aGA Oaé¢ |yR GKS aS0O2yR
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encompass situations like this. The first factor was assessed quite high, while the second
factor was assessed very low by the jpat manager, meaning that probably there was
a misunderstanding in the factor semantics or a failure in assessment by the project

manager. A higher assessment of this value would improve results, although it would
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not eliminate the difference between callated and perceived complexity. This may
indicate a problem in factors weighting, that needs to be further examined, but the
other results weaken this case. Another reason could be that the density of this problem
overshadowed the whole project processdaaffected the judgement of the project
manager. However, the above twenty years of experience of the project manager
guestions this explanation. Thus, accurate estimates of the real causes cannot be safely
extracted from the current case study results aras such, further examination is
needed by applying the model to more projects having similar problems in order to
clarify, if the model underestimates these situations or the problem must be identified

elsewhere.

Another point that this case study indies, is the validity of the approach that
project complexity is subjective and dependent on the cognitive level of the observer.
Project complexity was evaluated at level 6 or 7 in all projects examined, despite their
differences. For example, project 3ic project 5 had both been evaluated with
complexity level 6 despite their huge differences in duration, budget, number and type
of stakeholders, geographical distribution and type of software being developed. This
does not mean in general that a relatiyedmall project with strict constraints cannot be
more complex that a larger one with more relaxed constraif®wvever this is not this
case as can be concluded by the study of project charter. The encouraging point was
that the model capturd this subjective evaluation of complexity by project managers
while simultaneously it managed to capture and to indicate the difference in complexity

levels between projects as can be seen from the results.

Summarising the abovean be concluded that casgudy results indicate model
validity and that the proposed frameworkchieved initial objectivesit managed to
successfully identify project complexity in 4 of the 5 cases. In one case, that there was a
difference in complexity level larger than the aepted interval between model
calculation and manager evaluation, it cannot be clearly determined if it was due to
Y2RSt TFFLAEdzZNBET 2N G2 LINR2SO0 YIylF3aSNaRQ
investigation on similar projects is needed in order to campewith more detailed and

accurate results.

164



6.5. Summary of research objectives, methodology and findings

The main objective of this research was to develop a complexity management
framework to assesghe complexity of software projects and in that way providing
project managers with a tool that will assist their efforts for handling project complexity
and enhance the possibilities for project success. The developed framework approaches
project complexyy from the perspective of project management, identifying project
complexity as a subjective property of projects and proposes several factors that can be
used for evaluating project complexity. practicamodel was also defined which
assesses complexignd a parametric software tool for assisting and automatitng
assessment processas introduced. Chapter 2 explored the notion of complexity in
projects and its special characteristics in software projects. The various approaches in
defining charactestics of project complexity during the last two decades was briefly
presented and were discussed the various approaches in evaluating and measuring
project complexity. Furthermore, the approach of this researclassessingroject
complexity was presentkand discussedlhe detailed literature review in Chapter 3
included identification of several factors that affect project complexity sourcing from
the project management knowledge areas as they were defined into the PMBOK guide.
In addition, the specificfactors of software development projects that affect
development complexity were presented and discussed. The research methodology and
the argumentation on the research decisions taken in this study presented in detail in
Chapters 4 and 5. In Chaptettite complexity model formation and the implementation
of the complexityassessmentool were described. At the end of this chapter, model
validity and actuality was examined using a case study. #&lpessents the research

areas that were explored.

Tale 45 Areas explored during research

Notion of project complexity / Chapter 2 Literature review.
software project complexity.

Complexity assessmen Chapter 2 Literature review.
approaches.

Identification of factors Chapter 3 Literature review.

contributing to software project
complexity under the prism o
project management.
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Determination of key projec Chapter 4,5 Two stage analyses:

complexity factors and thei 1. First stage, survey an
contribution to total project data analysis based ¢
complexity. EFA methodology.

2. Second stage, surve
and data analysi
based on AHF

methodology.
Definition and validation o Chapter 6 Cae study.
complexity assessmentmodel
and tool.

This research was divided in four basic sequential phases as follows:

1. The first phase aimed at understanding the notion of complexity in projects
in general and in software projects particularly and in identifying the current
research status in the field.

2. The second phase aimed at identifying the factors that affect so#twar
project complexity and sourcing from project management and technical
software development aspects.

3. The third phase aimed at identifying the key and/or underlying complexity
factors of software projects and in determining the relative contribution of
each factor to total project complexity.

4. The fourth phase aimed at defining and designing the complexity assessment
model and its validation. It also defined the design of the complexity

assessment tool that supplement model.

All phases and their results weeinterlinked, performed in a sequential basis with the
results of one phase leading to the next phase and the conclusions were gradually built.
The research objectives, their fulfilment through the study, the research methodology
used in order to achieveach objective and the chapter that each objective examined

are displayed in Tabl6.
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Table46 Research objectives in relation to research structure

Research

Objectives

Conduct a literature
review on PM
complexity in order
to understand the
concept of
complexity,
especially this i
related in software
projects.
Critically
and
current
approaches, ir
order to determine
their  deficiencies
and propose &
typology of
complexity that
differentiate  this
approach.

To investigate
sources of
complexity in the
context of project
management anc
technical aspects o
software  project
development
process.

review
compare

To determine a se
of factors for
assessing the

Objective
achieved
The notion of

project
complexity and its
concept in

software projects
were identified.

The
research
approaches in
defining and
evaluatingproject
complexity were

current

identified and
their
characteristics

were discussed

Compexity
sources
corresponding

anc

factors within
project
management
process anc
technical aspect:
of software
development
process were

examined and 13t
complexity factors
identified.

A set of 35
complexity factors
with their relative
weights and

RESEaIc Methodology =~ Chapter
phase .
: used examined
achieved
Phasel  Literature Chapter 2
review
Phase 1 Literature Chapter 2
review
Phase 2 Literature Chapter 3
review
Phase 3 Successive Chapter 4
surveys baset 4,45
on
guestionnaires,
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Research

Objectives

complexity
software projects.

To define an
empirical model
based on

complexity factors
tuned to address

software  project
aspects.

Utilise the
developed model
to calculate the
complexity of
selected software
projects.

To validate the

developed model
by applying it to a
number of software

projects and
evaluate the
results.

Defining a software
tool
implement

Objective

achi

Researc
phase

eved .
achieved

of corresponding
measures

Were

determined.

A

complexity Phase 4

assessmenmodel

for

assessing

software project

complex
defined.

ity was

Model utilised by Phase 4

applying

it to a sel

of projects.

Model
through
it to
projects.

Tool

validated Phase 4

applying
set of

design, Phase 4

that concepts, entities
the and functionality

assessmentmodel were defined.
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Methodology =~ Chapter

used examined

expert groups
and statistical
data analysis
using  fator
reduction
methods and
multi-criteria
decision
making
techniques
Definition
appropriate
mathematical
formulas.

of Chapter 6

Case study. Chapter 6

Compared the Chapter 6
complexity
calculated by
the model with
the overall
project
perceived
compkxity by
project
managers
during project
execution.
Elaborating
project
complexity
assessment

Chapter 6



Researc Chapter

Research Objective Methodology
o . phase .
Objectives achieved . used examined
achieved
in order to requirements
automate the and developing
process. corresponding
software.

6.6. Key findings of this research with respect to objectives set

The key characteristics of each research objective that were identified are discussed

below.

6.6.1.Notion of project complexity and concepts of software project
complexity

The notion of complexity was explored and the differences between the terms
complex/complexity and complicated in projects were identified. The term complicated,
refers to a poject that is difficult, knotty, hard but is well defined, wstructured and
can be resolved through following structured steps. The term complex refers to a project
that has high dependencies from its environment either internal or external and due to
interactions occur between various project elements. Further, it was identified that
project complexity can be described either as a property of a system named descriptive
complexity or as perceived complexity which depends on the cognitive level of the
observer and as that is considered subjective to the observer. alsessingof
complexity in software projects is currently based on software characteristics but the
need for the use of alternative methods that will based in project management aspects
of oftware development process is increasingly acknowledged. This finding became the

initiation point of this research and formed the basis for its future development.

6.6.2.Current approaches in project complexity definition and evaluation
A number of project camplexity typologies that were proposed during the last two
decades were examined. They approached and defined project complexity from various

perspectives. Despite their different approaches, the majority of them were based on
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sources of complexity stemngnfrom uncertainty in projects and various project
organisational and technological aspects. However, this research argues that these
approaches are not sufficient since they are not in line with the way projects are
managed and executed. Because of tlitatyas decided to approach project complexity
through the perspective of project management and sources of complexity to be
investigated within project management aspects. Moreover, this research is based on
the assumption that project management is a tgdi process and as such, empirical

I LILINR I OKS& &dzOK | & G9EGNBYS t NRBINI YYAYyTE

6.6.3.Sources of project complexity

In order to identify the sources of complexity within project management aspects an
appropriate project manageent framework should be selected. The PMBOK
framework was selected due to its popularity and because it is process based, which
makes it compliant with the assumption followed in this research. The ten project
management areas of PMBOK were consideresbasces of complexity and they were
accompanied with another area concerning the technical aspects of software

development. Thus, eleven complexity areas were identified for further examination.

6.6.4.Factors contributing to software project complexity

This wa among one of the most important objectives of this research. Having
performed an extended literature review in project management aspects and in
technical aspects of software development, a number of 135 complexity factors were
identified stemming fromhe eleven complexity areas. These factors formed a pool of
complexity factors that cover an extended range of complexity sources in projects, not
only in software projects but in general also. Therefore, they can be used as a source in

order to build diffeent complexityassessmeninodels.

6.6.5.Determine set of measures for assessing complexity
The number of identified factors was high and that was something that made their

practical usage difficult. In similar cases, other researchers used factor reduction
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methods based on simple statistical methods such as median and by setting arbitrary
thresholds kept factors that exceeded threshold. This research followed a different
approach in factor reduction. Emphasis was given to the revealing of underlying
structures between factors and by that way to achieve factor reduction while at the
same time keep as much as possible of the complexity information. Therefore, EFA with
CFA was selected as the most appropriate method to achieve that, resulting in
determining aikt of 35 complexity factors. The next step concerned the weighting of
these factors and a multiriteria decision method was used to implement it. AHP was
selected as the most appropriate muttiiteria method. Finally, a set of 35 complexity
factorswere defined that can be assessed using a linear scale ranging from 0 to 10, with

values indicating higher contribution to project complexity.

6.6.6.Define an empirical model for assessing complexity

The proposed model uses empirical data, as it is based on theessment of
complexity factors, by project managers. The assessment depends to some degree on
the subjective view of project managers. That is because no absolute borders is defined
for each value of the ranging scale and in that way giving the freeddiexability for
project managers to assess complexity factor according to their cognitive level and
organisational background. This even though may result in situations where different
organisations evaluating differently the complexity of a project, gsloot affect model
validity as it reflects each organisations maturity, capability, expertise and knowledge to
execute the specific project. In the case of multiple project evaluation by organisations,

all projects will be evaluated with the same critewéhin each organisation.

The overall project complexity is calculated by adding the product of complexity

factor weight and value provided for each one by project manager.

6.6.7.Utilise and validat complexity model

Five projects were selected for utilisitige model and examining its validity. Projects
selected concerned the development of various types of software types, with different
durations and budgets. Similarities can be identified within projects either in their

entirety or in groups, such as in @incier, in type of software developed, in budget size,
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characteristics for comparative evaluation of model results and examination of model

granularity.

6.6.8. Definition of PMCATtoo0l

A software tool named Project Management Complexity Assessment Tool (PMCAT)
was proposed in order to not only automate thesessmenprocess, but to provide a
software service that will allow project managers to experiment in complexity
assessmenby forming their own experimental complexity models and use them to
evaluate project complexity. These models may differ in the number and the type of
complexity factors and in thevaluationmethod of these factorsallowing by that way
the better adjustmet of the complexityassessmenprocess to the specific project and

organisational needs.

6.7. Limitations of the study

A number of limitations should be taken into account in this research, as discussed

below:

1 The initial plan of this research was to engaggponders outside Greece, especially
from Europe region. However, this was only partially achieved, since in the first
survey respondents outside Greece State were only 10% of the total sample and this
was mainly originated from UK. In the second suriesré were only responders
from Greece. Considering the case study, an effort was made to use projects that
were international and to a degree. This aim was achieved as two of five projects
were geographically dispersed in various EU Member States. SThardject was
implemented in Greece and in another EU Member State. THepr8ject was
executed in five EU Member State including Greece. Furthermore, this project was
executed from a consortium of Greek and EU Member States companies and
organisations \Wile the rest projects were executed by Greek companies and
organisations. Therefore, the responses mainly represent the experience and status
existing in the Greek software development industry and academia. This may be a

reason that restrict the potendils for generalisation and globalisation of the results.
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However, it is argued that software development is following methods and practices
that are common around the globe and as such, since it is a global business, the

probability to have captured onljhe Greek status is limited.

Responses in the first survey, although adequate for the selected statistical
processing as determined using at least three different criteria, was not to high and

may that had an impact to the results.

The projects that wereised in the case study although it was tied to cover a wide
area of software development projects in terms of duration, budget, stakeholders
and type of software development were not able to cover all variations of software
development projects. As thatalthough the selected project provide a good

indication about model validity, further examination may be needed.

Regardless of the amount of different complexity typologies and models identified
in this research by means of literature review, there 8agls the probability some

complexity models are not included in this research. However, due to the extent of
the literature on the project complexity and time constraints of the research, it was

impossible to have knowledge of all the literature pertainiagproject complexity.

Time was one of the constraints of the research, as it had to be completed within a

specific duration due to academic regulations and financial restrictions.

6.8. Summary

In thischapter,initially the modelformation was presented. Next, the validation of

the model was examined by applying it to five software projects and the restissned

were discussed. Finallfhe summary otthe findingsand thelimitationsof this research

were presented.

In the next chapterthe conclusions drawn from this research, the contribution of the

findings of this research to current @wledge andhe implications forfuture research

are presented.
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7. Conclusionsimplicationsand Recommendations

7.1. Introduction

This chapteinitially presents the conclusions of this researdtext, he findings of
this research antheir implications to academia and industry are highlighted. Finally, at
the end of this chaptetthe limitations of this study are discussed and recommendations

for future work are made.

7.2. Conclusions

The conclusions of this research are based on analysis of the literature review, data
collected and statistical processing which was performed. Key elements in this process
werethe understanding of complexity sources in softei@rojects from the perspective
of project management and technical aspects of software development. During this
process a better understanding of project complexity was achieved, inadequacies of
current complexity typologies and evaluation approachesendentified and a number
of complexity sources affecting project management were identifigecificallythe

conclusion that were drawn for each element are described below.

7.2.1Project complexity

Based on the literature review the following conclusiware drawn about project

complexity.

1 The understanding of complexity in projects is cumbersome subject by itself, due
to various forms and facets that it has. However, the interacting, structural and

dynamic character of complexity is commonly identifiesniany researches.

1 In projects, the uncertainty stemming from various sources, the interaction
between various project elements and the variousganisational and
technological aspects are traditionally identified among the main sources of

project complexity.
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1 Aspects of project management are increasingly identified among the main
sources of project complexity and the role of project managemembhanaging

complexity is increasingly acknowledged.

1 The perception of complexity is greatly subjective as it is influenced by the
cognitive level of the observer. This approach becomes extremely important in

case where the observer is the one that wil talled to deal with it.

7.2.2 Project complexity evaluation

During the literature review, a number of approaches in project complexity definition

and evaluation were identified and the main conclusions extracted were the following:

1 Most studies are limited to only a conceptual approach to project complexity.

1 Very few of them suggest a model to evaluate project complexiyhout

proposing a specifiassessmennodel.

1 Only few of them, beyond the conceptual definition of projecbroplexity,

define a specific model to evaluate complexitydsgessing.

1 It has not been proposed a model for assessing the management complexity in

software development projects.

7.2.3.Sources of project complexity

This research argues that current appohes to project complexity are difficult to
have practical implications in projects, as their approach is different to the way projects
are managed and executed. The worldwide acknowledgement of PMBOK as the
dominant project management framework impliglsat a project is managed through

the management areas such as time, cost, quality, scope etc. Project managers do not
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try to manage projects through the areas defined in complexity studies such as
uncertainty, interdependencies, structural, organisatioaatl technological areas. This
research argues that elements of these areas undoubtedly should be taken into
consideration but within and to thextentthey affect the areas of project management

as defined earlier.

Under that prism, an extended literatuneview was conducted in each PMBOK
management area in order to identify the sources of complexity in these areas that
affect the complexity of management process, resulting in the identification of an

extended list of complexity factors.

As this research is particularly interested in software projects, a list of complexity
factors based on technical aspects of software development process was identified
through literature. They supplement the list of complexity factors stemming from
projed management areas, resulting in the definition of eleven project complexity

areas.

The first survey helped in getting a better understanding of the contribution and the
importance of each factor to project complexity. Responders assessed each factor
accading to their experience. The subsequent statistical analysis allowed the evaluation
and examination of responses validity and revealed the underlying structure and
commonalities between identified factors. The result was the determination of a final
set of complexity factors, much smaller, more concrete and comprehensive in its

structure and understanding. The main conclusions of this process is:

1 Three factors were identified that affect almost all complexity areas. First, the
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project organisation to perform the various project management and technical tasks
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management and software development processes.

1 The rest factes identified were more specific to aspects of each complexity area.
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1 The analysis of data collected from the survey indicated that organifation
management capabilitiesvas identified as the factor that mostly explains the
variance in almost all areas,eaning that is the factor that grouped the most

variables (initial complexity factors).

1 The density of various project management processes and the existence of various
constraints and barriers in project management and software development

processes wex the next most important factors in terms of total variance explained.

The second survey and the subsequent data processing determined the relative
contribution of each one of the identified factors to total project complexity by assigning
weights to ttrem. The factors that have the higher contribution to project complexity,
meaning that they have weight values higher than the average weight value of the

complexity aredhey belong are displayed in Tall&.

Table47 Factors with higher contribution to software project complexity

Complexity area Complexity factors \

Project activities resource constraints

Time management Density of project schedule

Organizatiof #ime managementapabilities
Cost management Complicated financial structure and processes
Quality management Rigorous quality control procedures

h NB I y A tomihdn2aid® énanagement
Communication managemer capabilities
Density of project communication

Human resource Project teamcohesion

management Project team size and skill diversity

Procurement management n N‘E.l: .y A proctirénisnt @anagement
capabilities

Risk management Project risk density

Scope management Quality of requirements

Integration management Integration constraintslue project characteristics

Stakeholders management n N‘E.|: .}/ A btakehdldegi@aagement
capabilities

Software development Product quality requirements

technical area Software size
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It can be easily be concluded from the above table that:

T ¢h NB y A manhgemghDcapabilities (2 LISNF2NY LINR2SOG Yl
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contribution to project complexity in most complexity areas.

1 The remaining complexity ¢tors with high contribution to total project complexity
are factors that are related to the existence of various project elements constraints,

project quality related issues and project size.

7.2.4 Assessmeniodel

The definition of the proposed complexityodel has the following characteristics:

1 The methodology followed allowed the evaluation of project complexity not as
an entity but through the eleven complexity areas. Due to the correspondence
of complexity areas with PMBOK management areas, this appraedows
project managers to evaluate the complexity of each management area. By that
way, they can determine management areas that are of higher dexitg in
comparison with otherareas and, as that, to focus their efforts to handle

complexity on theseraas.

1 Defined measures are quantitative and allow users to express their subjective

evaluation.

1 Simple as its structure allowing it to be easily understood by users.

T 9rae G2 OFtOdzZA TGS Fa y20 |y& aLISOAlf
required in order to perform the calculations as it only makes use of simple

mathematical operations such as addition and multiplication.

7.2.5PMCAT tool

The definition and design ¢the PMCAT tool has the following characteristics:
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1 Automates theassessmenof project complexity

1 Facilitates project managers to experiment by develop their own complexity

models and test/apply them to projects

1 Allows the collaboration between projechanagers in order to develop and

validate complexity models or assess projects complexity.

1 Is customisable, as it allows the definition of different models, allows different
weights to be assigned in complexity factors for different models, allowsetyar

of evaluation scales

7.2.6.Summary
Summarising the above the following conclusion about the proposed complexity

framework can be extracted:

1 Reliable Thecasestudy indicated that model results were similar to therori
assessmentof project complexity Wwich was made by project managers.
Participants in the case study never questioned either the numerical results or
the scale used. Further, the statistical analysis of the data collected during
surveys indicated the reliability aratiequacy of the data collected, enhancing

the credence about the reliability of the results.

 Compatibleb LG A& | NHdzZSR GKIFIG GKS GUKAY1lAY
YR O2YLI GAocftS (2 LINR2SOG YIylF3aSyYSyid «
compexity framework is compatible with process based project management.
Data required as input to the model are already known and available to project
managers during the initial stages of project and project management planning

and can be used without anyrther processing or modifications.

1 Granular. The proposed framework allows project complexity to dssessed

either as a whole or per complexity area. Hssessmendf complexity per area

179



allows project managers to determine the complexity of each amed to take

more targeted actions to address it.

Userfriendly. Themodel proposed, allow calculations to be made quickly and
easily, allow quick changes and evaluation of different parameters which is

important for the practical implications of theamework

Independent of software development methodsThe proposed complexity
framework allows the use of any software development model (e.g. waterfall, v
model, incremental, agile etc.) and is independent from it. This is due to its focus
on projectmanagement and technical aspects of software development process

that are independent from the development model.

Allow early management of project complexityDue to framework design,
based on management data available at early project steps, it ishi@dsir
preventive measures to be taken in order to handle or manage project

complexity or anticipate its effects.

Flexible. The design of complexity framework is flexible as it allows the
customization of proposed factors, in their weighting and in tloection of
complexity factors that will form a model. The software tool proposed

automates and facilitates the process.

Modifiable and Expandable.Due to its design, the proposed complexity
framework can easilpe modified in order to be used in othéype of projects.
This is because the part of it that concern project management, is similar to all
types of projects and only the part concerning the technical aspects of software
development needs to be substituted with the corresponding part of the pthe
project type e.g. for construction projects, with the technical aspect of

construction projects.
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7.3. Contribution of this research

In the following, the contribution of this research to academia and industyjven

7.3.1 Academic

The role of project complexity is increasingly acknowledged by academia. This
research argues that complexity is an endogenous characteristic of projects due to their
nature, and it should be taken into account byproject managers and project
stakeholderssince itaffects projectsuccess of failure

Under these terms, this research from academic perspective:

1 Provides a link between project complexity and project management and
identifies project complexity from a new approach. Acknowledges the
endogenous learacter of complexity in projects but instead of trying to identify
complexity dimensions of this complexity in projects, focuses on the complexity
in the interfaces between project processes, project management processes
and project managers, which costsi the critical point for successful project

execution.

1 The role of project management in addressing complexity should be further
investigated by giving more importance to the link between project complexity

and project management.

f Identifiesthe sigfi A O y OS 2F LJS2LJX SaQ {y2sftSR3S
the capabilities of an organisation in management in order to handle

complexity, as this was revealed through the findings of this research.

1 Considers complexity as variable that can be assess@d propose a model for

it.

1 Based on the proposed complexity taxonomy, provides the academic
community with an extended list of 117 factors stemming from project

management aspects and 18 software development technical factors that affect
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project complexy. Many of these factors are not cited in other studies of
project complexity, thus their importance and practical implications in regards
to project complexity in general and in software project complexity particularly,

is significant.

1 Emphasis shouldebgiven in education and training of new project managers in
managingproject complexity andn project management interrelations and
interdependencies, imrder to acquire the necessary skills that will help them

to handle project complexity efficiently

7.3.2Industry

This research has also significant implications both for the industry in general and for

software industry in particular as follows:

1 Approaches project complexity from the perspective of project management
that is nowadays integrated in projectavidely investigated and well known.

Thus, it can be easily integrated into project design and implemented.

1 Determines sources of project complexity and identifies factors that contribute
to project complexity and can easily be understood and assesssatlgtproject

stages.

1 Provides a complete complexity framework for measuring project complexity
consisting of 135 key complexity factors; assessmenimodel and an aid
software tool. This framework can be used in order to highlight the most
significant complexity areas either organisation specific or project specific,
providing in that way the necessary awareness for better, efficient and effective

project management.

1 Can assess project complexity at early stages of project either as a whole or per

complexity area.
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7.4.

The approach followed in framework design, identifies the variation of

perception of complexity between different organisations

Allow organisations toveluate complexity of projects and provide them with an

important information that will assist project selection process.

Recommendations for future research

As it was mentioned earlier, due to the limitations that exist in this research there

weredimensions or areas that were not fully explored. These require further exploration

in order to enhance the generalisation of this research results and in depth study of

some research aspects.

1 The further evaluation of surveys results by enhancing theriraonalism of

responders in order to validate further the research results or to investigate

possible variations is useful.

The notion of subjective complexity based on perceived complexity was not fully
explored. It is recommended that further examiiwa should be done in that
field in order to investigate further causes of this situation in both organisations

and people.

This research made the assumption that during the factors weighting process all
complexity areas were of equal importance withspect to complexity and, as
such, the same weight was assigned to them. This assumption may need to be
examined further and probably each complexity area may need to be weighted

differently according to its significance in projects.

The validity of the radel should be examined further, by applying it to a wider
variety of projects. Through this procegshould be examined if different types

of software projects have special complexity characteristics that were missed
from this research and which theidentification and integration to proposed

framework would enhance its validity.
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7.5. Summary

In this chapter the conclusismf this researchits contribution to existing knowledge
to both academic and industry community, its limitations and implications for future

research were presented.

In the nextsectionsthe references and appendices are presented.
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Software Project Complexity Factors

PhD Research/Title: Software project management complexity. Towards an assessment
model

Description: This research is aiming in assessing the management complexity of software
projects. During this research a set of project management complexity factors were identified
for each one of the ten project management knowledge areas described in PMBOK (PMI,
2013).

This questionnaire is part of this research and is aiming in assessing the complexity factors,
identified for t hrmanaderiveBtOkdddviedge pareasj eocarding their
contribution to project management complexity (scheduling).

Short guide: The assessment of complexity factors should be done under the prism that if a
change in the value of a complexity factor will affect the project management complexity
significantly or not. E.g. If the A N u mipofeproject a ¢ t i vincteasedstlien this affects
scheduling complexity from i V elr oyw.Q. to ..... fi V eH iyg IConsider that higher values
mean higher contribution to complexity whilst lower the opposite.

Please answer all questions

*Required

Generalinformation

1. What is your gender? * Mark only one oval.

Male

Female

2. What is your age? * Mark only one oval.

18 - 2®8ldyears
30 -yeasseld
50 - 6b6ldyears

65 years or above

3. What is the highest level of education you have completed? * Mark only one oval.

High school graduate
College / University graduate
Postgraduate graduate (MSc)

Postgraduate graduate (PhD)
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4. How many years of work experience do you have? * Mark only one oval.

5. Which
apply.

S5yearsorless 6 - years
13 to 20 years

21 years or more

of the following most closely matches your work background? * Tick all that

Industry (mainly) Academia (mainly)
Both Industry and Academia (almost equal) Private sector (mainly)
Public sector (mainly)

Both Private and Public (almost equal)

6. Which of the following most closely matches your role within projects * Mark only one

oval.

Senior manager
Project manager
Project team leader
Project team member
Project sponsor
Project director

Consultant
Other:

7. Number of projects you managed or participated as teams team member in the last 5

years *

8. Average budget of all projects you managed or participated in projectteams in the last
5years *

What was the size of the largest project you manage or participated inmonetary value?

*
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10.

11.

12.

13.

14.

15.

What was the size of the largest project you manage or participated in duration? *

What was the size of the largest project you manage or participated in terms of size of
project team?*

Time management complexity

Please, for each one of the following factors consider their level of contribution to Time
Management Complexity of Software projects

Number of project activities * Mark only one oval

Consider: As the number of project activites i ncr eases - - >t hproecompl e
scheduling also increases

Very Low Contribution Very High Contribution

Number of critical activities * Mark only one oval
Consider: activities that belong to critical path.

1 2 3 4 5

Very Low Contribution Very High Contribution

Insufficient time management experience within project management team * Mark only
one oval.

Very Low Contribution Very High Contribution

Number of project activities executed in parallel * Mark only one oval.
1 2 3 4 5
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16.

17.

18.

19.

20.

21.

Very Low Contribution Very High Contribution

Number of intermediate deliverables should be delivered * Mark only one oval.
1 2 3 4 5
Very Low Contribution Very High Contribution

Number of activities with overlapping resource requirements (shared activities) * Mark
only one oval.

Very Low Contribution Very High Contribution

Number of activities that require high variety of resources types * Mark only one oval.

1 2 3 4 5

Very Low Contribution Very High Contribution

Number of long duration activities * Mark only one oval.
(Consider: activities with duration eg 2x, 3x above average duration)

1 2 3 4 5

Very Low Contribution Very High Contribution

Variance in project activities duration * Mark only one oval.

1 2 3 4 5

Very Low Contribution Very High Contribution

Long project duration * Mark only one oval.

Very Low Contribution Very High Contribution
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22.

23.

24,

25.

26.

27.

High project deliverable density * Mark only one oval.
(Consider the ratio, number of deliverables / project duration)

1 2 3 4 5
Very Low Contribution Very High Contribution

Large number of dependencies between activities * Mark only one oval.

1 2 3 4 5
Very Low Contribution Very High Contribution
Low availability of project resources * Mark only one oval

1 2 3 4 5
Very Low Contribution Very High Contribution

Lack/shortage of tools for planning and monitoring project schedule.* Mark only one
oval.

Very Low Contribution Very High Contribution

Number of activities that require highly specialized resources types* Mark only one
oval.

Very Low Contribution Very High Contribution

Cost management Complexity

Please, for each one of the following factors consider their level of contribution to Cost
Management Complexity of Software projects

Long project duration * Mark only one oval.
1 2 3 4 5

Very Low Contribution Very High Contribution
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28. Low accuracy of analytical cost estimates due to project external dependencies * Mark

29.

30.

31.

32.

33.

only one oval.
Consider: time restrictions, economic condition, political environment etc.

Very Low Contribution Very High Contribution

Lack/shortage of specialized cost estimation method and tools. * Mark only one oval
Consider: the use of well-known methods, availability of specialized software etc.

Very Low Contribution Very High Contribution

Project budget cuts attributed to external facts * Mark only one oval
1 2 3 4 5

Very Low Contribution Very High Contribution

Insufficient cost estimation management experience within project management team
* Mark only one oval

Very Low Contribution Very High Contribution

Lack/shortage of historical cost estimation data* Mark only one oval.

Very Low Contribution Very High Contribution

Project is financed by large number of stakeholders * Mark only one oval.

Consider if, as number of stakeholders that finance project increases, project cost
management complexity increases also

Very Low Contribution Very High Contribution
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34.

35.

36.

37.

38.

39.

Irregularities in project cash flows * Mark only one oval.
Consider: frequency of delays, diversities in delays duration etc.

1 2 3 4 5
Very Low Contribution Very High Contribution

Lack/shortage of tools and processes for tracing, monitoring and reporting project
cost progress * Mark only one oval.

Very Low Contribution Very High Contribution

Time consuming processes for project payments approvals * Mark only one oval
1 2 3 4 5
Very Low Contribution Very High Contribution

Intensive and time consuming project financial reporting * Mark only one oval.
1 2 3 4 5
Very Low Contribution Very High Contribution

Quality management complexity

Please, for each one of the following factors consider their level of contribution to Quality
Management Complexity of Software projects

Quality requirements as stated in project quality plan * Mark only one oval.
1 2 3 4 5

Very Low Contribution Very High Contribution

Insufficient communication of quality goals, policies and responsibilities within
project organization * Mark only one oval.

1 2 3 4 5

Very Low Contribution Very High Contribution
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40.

41.

42.

43.

44.

45.

Lack/shortage of historical quality management data * Mark only one oval.
1 2 3 4 5
Very Low Contribution Very High Contribution

Low management commitment to project quality *Mark only one oval
1 2 3 4 5

Very Low Contribution Very High Contribution

Lack of quality culture of project stakeholders. * Mark onlyone oval.
(Consider:st akehol der sd6 trai ni n t,quaitymaragement) c e,

Very Low Contribution Very High Contribution

Not use of well-known quality management procedures * Mark only one oval.

Very Low Contribution Very High Contribution

Missing of QA organization department * Mark only one oval.

Very Low Contribution Very High Contribution

Lack of tools and processes for planning, tracing, monitoring and reporting project

quality management result *Mark only one oval.

Very Low Contribution Very High Contribution
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46.

47.

48.

49.

50.

Existence of external quality audits * Mark only one oval.

Very Low Contribution Very High Contribution

Existence of thorough quality management procedures within customer / contractor
organization *Mark only one oval

Very Low Contribution Very High Contribution

Process immaturity * Mark only one oval.

(Consider the progressive development of a wide project management approach,
methodology, strategy, and decision-making process)

Very Low Contribution Very High Contribution

Communication management complexity

Please, for each one of the following factors consider their level of contribution to
Communication Management Complexity of Software projects

Insufficient communication management experience within project management team
*Mark only one oval.

Very Low Contribution Very High Contribution

Geographical distribution of project stakeholders * Mark only one oval.

Very Low Contribution Very High Contribution
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51.

52.

53.

54.

55.

56.

Labour time spending in communication processes by team members * Mark only one
oval.

(Consider long time for preparing, participating and evaluating communication process).

Very Low Contribution Very High Contribution

Diversity in project stakeholdersationalities * Mark only one oval.

Very Low Contribution Very High Contribution

Culture differences between project stakeholders* Mark only one oval.

Very Low Contribution Very High Contribution

Shortage in communication media tools * Mark only one oval.

(Consider availability of media tools for various communication types e.g. face to face, oral,
written etc.)

Very Low Contribution Very High Contribution

Heavy and frequent project reporting* Mark only one oval.

Very Low Contribution Very High Contribution

Frequency of formal in person communication / meetings / presentations* Mark only
one oval.

Very Low Contribution Very High Contribution
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57.

58.

59.

60.

61.

62.

Not clear communication lines * Mark only one oval.

(Consider: the lack of definition of communication hierarchy, structure and preferred type of
communication between project organizational levels and teams)

Very Low Contribution Very High Contribution

Not clear job description and work assignment * Mark only one oval.

Very Low Contribution Very High Contribution

Number of organizations composing the project team * Mark only one oval.

Very Low Contribution Very High Contribution

Requirements for communication due to high project visibility * Mark only one oval.
(Consider local communities, authorities, public etc.)

Very Low Contribution Very High Contribution

Human Resource management complexity

Please, for each one of the following factors consider their level of contribution to Human
Resource Management Complexity of Software projects

Size of project team * Mark only one oval.
1 2 3 4 5
Very Low Contribution Very High Contribution

Number of different technical, behavioural, contextual skills required * Mark only one
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63.

64.

65.

66.

67.

68.

oval.

Very Low Contribution Very High Contribution

Number of new recruitments required by the project* Mark only one oval.
1 2 3 4 5

Very Low Contribution Very High Contribution

Turnover of project staff members * (Consider frequent changes in project staffing) Mark
only one oval.

Very Low Contribution Very High Contribution

Project not fully staffed * Mark only one oval.

1 2 3 4 5

Very Low Contribution Very High Contribution

Existence of employees working part-time in the project. * Mark only one oval.

Very Low Contribution Very High Contribution

Low level of team cohesion * Mark onlyone oval.
(Consider geographical distribution, different nationalities, cultures etc.)

1 2 3 4 5

Very Low Contribution Very High Contribution

Insufficient HR management experience within project management team * Mark only
one oval.

Very Low Contribution Very High Contribution
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69.

70.

71.

72.

73.

74.

Availability of HR department or HR services within hosting organization * Mark only
one oval.

Very Low Contribution Very High Contribution

Lack of historical HR management data* Mark only one oval.

Very Low Contribution Very High Contribution

Lack of tools and processes for planning, monitoring and tracking HR management *
Mark only one oval.

Very Low Contribution Very High Contribution

High percentage of outsourced work within the project* Mark only one oval.

Very Low Contribution Very High Contribution

Number of project sub groups within the project * Mark only one oval.

Very Low Contribution Very High Contribution

Number of different types of project groups * Mark only one oval.

Very Low Contribution Very High Contribution
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75.

76.

77.

78.

79.

80.

Procurement management complexity

Please, for each one of the following factors consider their level of contribution to
Procurement Management Complexity of Software projects

Number / variety of supplies * Mark only one oval.

Very Low Contribution Very High Contribution

Number / Variety of suppliers * Mark only one oval.

Very Low Contribution Very High Contribution

Procurement restriction imposed by external (legislation, regulation) and/or internal
(preferred suppliers, compatible technology, geographical restrictions) * Mark only one
oval

Very Low Contribution Very High Contribution

Percentage of new suppliers/subcontractors * Mark only one oval.
Consider: first time selected suppliers/subcontractors)

Very Low Contribution Very High Contribution

Unavailability / scarcity of supplies and/or services * Mark only one oval.

Very Low Contribution Very High Contribution

Variety of procurement contract types * Mark only one oval.
1 2 3 4 5

Very Low Contribution Very High Contribution
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81.

82.

83.

84.

85.

86.

Not clear or not existing definition of procurement policies and procedures *
Mark only one oval.

Very Low Contribution Very High Contribution

Number of contracts or sub contracts must be managed simultaneously * Mark only one
oval.

Very Low Contribution Very High Contribution

Lack of historical procurement management data * Mark only one oval.

Very Low Contribution Very High Contribution

Insufficient procurement management experience within project management team *
Mark only one oval.

Very Low Contribution Very High Contribution

Lack of automation within the supply chain * Mark only one oval.

Very Low Contribution Very High Contribution

Lack/shortage of tools for planning and monitoring and tracking procurement
processes * Mark only one oval

Very Low Contribution Very High Contribution
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87.

88.

89.

90.

91.

Unknown suppliers' quality * Mark only one oval.
(Consider: Lack of various quality certificates for suppliers, market reputation etc.).

Very Low Contribution Very High Contribution

Risk management complexity

Please, for each one of the following factors consider their level of contribution to Risk
Management Complexity of Software projects

Not clear (detailed) definition of project risk management policy and response strategy
* Mark only one oval

Very Low Contribution Very High Contribution

Number of high risk areas /major risks * Mark only one oval.

Very Low Contribution Very High Contribution

Lack/shortage of processes and tools for analysing, accessing, quantifying risks and
implementing risk responses * Mark only one oval

Very Low Contribution Very High Contribution

Lack of flexibility of project management plan for implementing risk responses * Mark
only one oval.
(eg. Due to contractual restrictions)

Very Low Contribution Very High Contribution

226



92.

93.

94,

95.

96.

97.

Lack/shortage of risk historical management data.* Mark only one oval.

Very Low Contribution Very High Contribution

Insufficient risk management experience within project management team * Mark only
one oval.

Very Low Contribution Very High Contribution

Lack/shortage of tools for project planning, monitoring and control * Mark only one oval.

Very Low Contribution Very High Contribution
Existence of risk responses with major impact to project *

Mark only one oval.

Very Low Contribution Very High Contribution

Scope managemertomplexity

Please, for each one of the following factors consider their level of contribution to Scope
Management Complexity of Software projects

Number of sources for eliciting requirements * Mark only one oval.

Very Low Contribution Very High Contribution

Project size (in man-months) *Mark only one oval.
1 2 3 4 5

Very Low Contribution Very High Contribution

227



98. Number of requirements * Mark only one oval

Very Low Contribution Very High Contribution

99. Percentage of requirements interdependencies * Mark only one oval

Very Low Contribution Very High Contribution

100. Project faced delivery is based on requirements prioritization * Mark only one oval
(Requirements flexibility)

Very Low Contribution Very High Contribution

101. Insufficient scope management experience within project management team*
Mark only one oval.

Very Low Contribution Very High Contribution

102. Lack/shortage of specialized tools and processes in defining requirements *
Mark onlyone oval.

Very Low Contribution Very High Contribution

103. Requirements dependencies from external factors * Mark only one oval

(Consider: Technological changes, economic changes, dependencies from law and
regulations, organizational changes etc.)
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Very Low Contribution Very High Contribution

104. Requirements characteristics causing uncertainty * Mark only one oval.
(Consider: requirements volatility, ambiguity, immaturity, conflicts etc.).

1 2 3 4 5

Very Low Contribution Very High Contribution

105. Number of interfaces with other systems * Mark only one oval.

Very Low Contribution Very High Contribution

106. Number of non-functional requirements* Mark only one oval.
1 2 3 4 5
Very Low Contribution Very High Contribution

107. Lack of historical scope management data* Mark only one oval.

Very Low Contribution Very High Contribution

108. Low quality of product/service requirements specifications* Mark only one oval.
(Consider: requirements ambiguity, inconsistency, traceability etc.).

Very Low Contribution Very High Contribution

Integration management complexity

Please, for each one of the following factors consider their level of contribution to Integration
Management Complexity of Software projects
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109. Project technical /business innovative* Mark only one oval.

Very Low Contribution Very High Contribution

110. System architecture complexity * Mark only one oval.
(Consider: Technology, functionality, data, interface complexity etc.).

Very Low Contribution Very High Contribution

111. Not fully defined project scope and requirements* Mark only one oval.

Very Low Contribution Very High Contribution

112. Volatility in project requirements* Mark only one oval.

Very Low Contribution Very High Contribution

113. Lack/shortage of historical Integration management data * Mark only one oval.

Very Low Contribution Very High Contribution

114. Insufficient integration management experience within project management team *
Mark only one oval.
(e.g. in change management)

Very Low Contribution Very High Contribution
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115. Uncertainty of project product development due to external changes* Mark only one
oval.

Very Low Contribution Very High Contribution

116. Lack/shortage of tools and processes for supporting change management * Mark only
one oval.
(e.g. configuration tools)

1 2 3 4 5
Very Low Contribution Very High Contribution

117. Lack of change management processes* Mark only one oval.

Very Low Contribution Very High Contribution

118. Lack/shortage of tools for monitoring and measuring performance of various project
stages * Mark only one oval.

Very Low Contribution Very High Contribution

119. Number of intermediate deliverables * Mark only one oval.

Very Low Contribution Very High Contribution

120. Control of deliverables * Mark only one oval.
(e.g lifecycle of acceptance)

Very Low Contribution Very High Contribution
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121. Diversity and conflicts of interests of project stakeholders * Mark only one oval.

Very Low Contribution Very High Contribution

122. New or unproven technology being used * Mark only one oval.

Very Low Contribution Very High Contribution

Stakeholders management complexity

Please, for each one of the following factors consider their level of contribution to
Stakeholders Management Complexity of Software projects

123. Number of stakeholders* Mark only one oval.

Very Low Contribution Very High Contribution

124. Number of different stakeholders categories * Mark only one oval.

Very Low Contribution Very High Contribution

125. Existence of stakeholders with different / conflicting interests * Mark only one oval.

Very Low Contribution Very High Contribution

126. Existence of stakeholders with negative attitude about the project * Mark only one oval.
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127.

128.

129.

130.

131.

Very Low Contribution Very High Contribution

Lack of structured methodology and tools in stakeholder management * Mark only one
oval.
(Consider stakeholders identification, prioritization)

Very Low Contribution Very High Contribution

Lack of specific strategy to enhance stakeholders engagement to project * Mark only one
oval.

Very Low Contribution Very High Contribution

Existence of communication barriers between groups of stakeholders * Mark only one
oval.

Very Low Contribution Very High Contribution

Technical software development complexity factors

Please, for each one of the following factors consider their level of contribution to Software
Development Complexity of Software projects

Size of application database * (Consider size of data compared to code) Mark only one
oval.

Very Low Contribution Very High Contribution

Developed for reusability *Mark only one oval

(Consider if the need that the components should be reusable increase development
complexity)

Very Low Contribution Very High Contribution
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132. Software (code) size * Mark only one oval
(Consider: amount of system code).

Very Low Contribution Very High Contribution

133. Low development flexibility * Mark onlyone oval.
(Consider: How strong are the constraints of the system e.g. cost, time, quality etc.).

Very Low Contribution Very High Contribution

134. Architecture risk resolution * Mark only one oval.
(Consider: How are the risks mitigated by architecture).

Very Low Contribution Very High Contribution

135. Platform volatility, software portability * Mark only one oval.
(Consider e.g. Time span between major changes).

Very Low Contribution Very High Contribution

136. Completeness of design * Mark only one oval
(Consider: The amount of design is completed when starting coding).

Very Low Contribution Very High Contribution

137. Hardware concurrent development* Mark only one oval.
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Very Low Contribution Very High Contribution

138. Lack / not use of software tools that aid the development * Mark only one oval.

Very Low Contribution Very High Contribution

139. Programming language level/generation * Mark only one oval.

1 2 3 4 5

Very Low Contribution Very High Contribution

140. Not use of well-known and modern development models * Mark only one oval
(e.g. software engineering methods)

Very Low Contribution Very High Contribution

141. Required high software reliability * Mark only one oval.

Very Low Contribution Very High Contribution

142. Product functional complexity * Mark only one oval.

Very Low Contribution Very High Contribution

143. Number of non-functional requirements * Mark only one oval.
(Consider: Ease of installation, ease of use, etc.).



Very Low Contribution Very High Contribution

144. Number of security requirements / constrains * Mark only one oval.

1 2 3 4 5

Very Low Contribution Very High Contribution

145. Low level technical expertise of development team* Mark only one oval.

Very Low Contribution Very High Contribution

146. Low level domain/application knowledge of development team * Mark only one oval.

Very Low Contribution Very High Contribution
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Appendix B

SPSS results of EBAalysis
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A. TIME MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VAR
0000
1

VAR
0000

VAR
0000

VAR
0000

VAR
0000

VAR
0000

VAR
0000

VAR
0000

VAR
0000

VAR
0001

VAR
0001

VAR
0001

VAR
0001

VAR
0001

VAR
0001

Correla

tion

VAR
0000

1,000

,490

,315

,315

,264

,249

171

,196

AT3

,109

,210

,570

,086

344

,296

VAR
0000

,490

1,000

,280

321

,173

,497

,268

,190

461

,257

,152

,520

,139

,439

413

VAR
0000

,315

,280

1,000

,310

,085

,250

,303

,068

234

,065

,001

,319

,298

,506

231

VAR
0000

,315

321

,310

1,000

,520

,241

,273

,005

,269

,004

,386

,359

,003

,246

,142

VAR
0000

,264

,173

,085

,520

1,000

,113

,192

,067

,320

,023

,619

,220

-,031

,140

,096

VAR
0000

,249

,497

,250

,241

,113

1,000

,614

,073

,415

,228

,327

433

413

,257

,660

VAR
0000

171

,268

,303

273

,192

,614

1,000

,087

,368

,099

,282

,401

,463

,408

,535

VAR
0000

,196

,190

,068

,005

,067

,073

,087

1,000

,196

,690

,037

,200

,149

,185

,149

VAR
0000

JAT3

,461

,234

,269

,320

,415

,368

,196

1,000

,205

,296

,525

,076

372

,317

VAR
0001

,109

,257

,065

,004

,023

,228

,099

,690

,205

1,000

,096

,127

,257

,191

,245

VAR
0001

,210

,152

,001

,386

,619

327

,282

,037

,296

,096

1,000

279

,085

,087

,202
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VAR
0001

,570

,520

,319

,359

,220

433

,401

,200

,525

127

279

1,000

,157

461

,383

VAR
0001

,086

,139

,298

,003

-,031

413

,463

,149

,076

,257

,085

,157

1,000

,233

429

VAR
0001

344

439

,506

,246

,140

257

,408

,185

372

,191

,087

461

,233

1,000

,359

VAR
0001

,296

,413

,231

,142

,096

,660

,535

,149

317

,245

,202

,383

429

,359

1,000

Sig. (1-
tailed)
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,000
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,004
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,024

,000

,139

,017
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,001
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0000
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,001

,000
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,003
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,003
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,000

,000
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,006
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0000

,004

,041
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,000
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,251

,001
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,000

,013

,379

,080
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0000
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,006
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,000
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,011

,000
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,000

,005

,000
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0000

,043

,003

,001

,003

,027

,000

,193

,000

,161

,002

,000

,000

,000

,000

VAR
0000

,024

,028

,249

,480

,251

234

,193

,024

,000
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,022

,068

,031
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VAR
0000 | ,000 |,000 |,009 |,003 |,001 |,000 (,000 (,024 ,019 (,001 |,000 |,223 |,000 |,001
9
VAR
o0oo1 |,139 |,005 |,259 |,485 |,408 |,011 |,161 |,000 |,019 , 170 |,102 |,005 |,027 |,007
0
VAR
ooo1 |,017 |,063 |,181 |,000 |,000 |,000 |,002 |,357 |,001 |(,170 ,002 [,198 |,193 |,021
1
VAR
0001 |,000 |,000 |,001 |,000 |,013 |,000 |,000 |,022 |,000 |,102 |,002 ,058 |,000 |,000
2
VAR
ooo1 |,196 |,082 |,001 |,489 |,379 |,000 |,000 |,068 |,223 |,005 |,198 |,058 ,009 |,000
3
VAR
0001 |,000 |,000 |,000 |,006 |,080 |,005 [,000 |,031 |,000 (,027 |,193 |,000 |,009 ,000
4
VAR
0oo1 |,001 |,000 |,010 |,078 |,168 |,000 |,000 |,067 |,001 |,007 |,021 |,000 |,000 |,000
5
a. Determinant = ,002
KMO and Bartlett's Test
KaiserMeyerOlkin Measure of Sampling Adequacy. , 780
Bartlett's Test of Sphericity Approx. ChiSquare 597,976
df 105
Sig. ,000
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Anti -image Matrices
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0000
1
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0000
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0000
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0000

VAR
0000

VAR
0000
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0000

VAR
0000
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0001

VAR
0001
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VAR
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Anti-image

Covariance
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-,065
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AT3
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E-5
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-,061

,006

,041

,015
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-,043
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,015

-,088

-,005
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-,025
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Anti-image

Correlation
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-,009
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-,042
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-,139

VAR
0000

-,208

,848
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-,051
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,072
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-,123

,133
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-,047
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-,544
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,005
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-,151
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,245

-,401
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,013
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-,142
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-,108

,026

-,003

,072

-,084
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,000

-,687

,087
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,024
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VAR
0000

-,206

-,096 | -,010

,107

-174

-,151

-,142

,000

,885

-,095

-,006

-,178

,163

-,083

,067

VAR
0001

,106

-,115|,061

-,024

,081

-,126

174

-,687

-,095

572

-,113

,134

-,178

-,094

-,054

VAR
0001

-,009

,135 |,002

-,035

-544

-,217

-,026

,087

-,006

-,113

J1P

-124

,010

,079

,031

VAR
0001

-,316

-,136 | ,022

-,123

123

-,086

-,096

-,142

-,178

,134

-,124

877

,027

- 177

-,010

VAR
0001

-,042

,069 | -,220

,133

,005

-,111

-,280

,024

,163

-,178

,010

,027

, 780

,014

-,144

VAR
0001

,029

-,225|-,376

,028

-,039

,245

-,243

,022

-,083

-,094

,079

- 177

,014

, 793

-,146

VAR
0001

-,139

-,046 | ,073

,088

-,037

-,401

-,142

,002

,067

-,054

,031

-,010

- 144

-,146

,867

a. Measures of Sampling Adequacy(MSA)

Communalities

Initial Extraction
VAR00001 ,460 ,514
VARO00002 ,507 ,537
VARO00003 ,362 ,499
VARO00004 AL17 421
VAR00005 ,534 ,814
VAR00006 ,662 ,827
VAR00007 ,560 ,602
VAR00008 527 ,576
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VARO00009 443 ,465
VARO00010 ,562 ,866
VARO00011 AT8 ,539
VARO00012 ,532 ,597
VARO00013 374 ,456
VARO00014 AT2 ,543
VARO00015 ,524 ,562

Extraction Method: Principal Axis Factoring.

Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of | Cumulative % of | Cumulative % of | Cumulative

Factor| Total Variance % Total Variance % Total Variance %

1 4,971 33,137 33,137 4,555 30,368 30,368 2,328 15,518 15,518
2 1,893 12,617 45,754 1,543 10,285 40,652 2,208 14,723 30,241
3 1,536 10,237 55,991 1,210 8,066 48,719 1,735 11,567 41,808
4 1,341 8,941 64,932 ,942 6,282 55,001 1,479 9,859 51,667
5 1,013 6,750 71,682 ,568 3,785 58,786 1,068 7,119 58,786
6 ,654 4,358 76,040

7 ,628 4,189 80,229

8 ,521 3,474 83,703

9 ,507 3,382 87,085

10 452 3,016 90,101

11 ,430 2,865 92,966

12 325 2,164 95,129

13 ,299 1,991 97,121

14 ,227 1,514 98,634

15 ,205 1,366 100,000

Extraction Method: Principal Axis Factoring.
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Scree Plot
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Factor Number
Reproduced Correlations
VAR | VAR | VAR | VAR [ VAR |VAR |VAR | VAR | VAR | VAR | VAR VAR | VAR | VAR | VAR
0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0001 | 0001 | 0001 | 0001 | 0001 | 0001
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5
Reproduced| VAR
Correlation | 0000 |,514 |,494 |,292 |,329 |,256 |,281 |,215 |,179 |,460 |,136 |,201 |,534 |,029 |,397 |,259
1
VAR
0000 | ,494 | 537 |,283 |,271 |,160 |,450 |,322 |,221 |,480 |,229 |,186 |,554 |,150 |,407 |,398
2
VAR
0000 | ,292 |,283 |,499' | ,260 |,113 |,208 |,351 |,082 |,243 |,052 |,078 |,349 |,271 |,497 |,261
3
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,393

,355

,044

,278

,168

VAR
0000

,256

,160

,113

,510

,814

,135

,198

,060

,307

,040

,620

,256

-,046

,119

,068

VAR
0000

,281

,450

,208

,208

,135

827

,623

,090

413

,207

,316

,452

428

,293

,661

VAR
0000

,215

322

,351

,260

,198

,623

,602

,053

,308

,131

,295

,362

/448

,370

,534

VAR
0000

,179

221

,082

,019

,060

,090

,053

576

,195

,688

,051

,168

,147

,195

,152

VAR
0000

,460

,480

,243

,329

,307

413

,308

,195

465

,202

,291

,512

111

,349

,349

VAR
0001

,136

,229

,052

-,024

,040

,207

,131

,688

,202

,866'

,081

,152

,258

,183

,252

VAR
0001

,201

,186

,078

,393

,620

,295

,051

,291

,081

539

,249

,078

,099

211

VAR
0001

,534

,554

,349

,355

,256

,452

,362

,168

,512

,152

,249

597

,147

,456

,399

VAR
0001

,029

,150

271

044

-,046

428

448

,147

111

,258

,078

147

456

274

,408

VAR
0001

,397

,407

,497

,278

,119

,293

,370

,195

,349

,183

,099

,456

274

,543

,333

VAR
0001

259

,398

,261

,168

,068

,661

,534

,152

,349

,252

211

,399

,408

,333

562
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Residudl

VAR
0000

-,004

,022

-,014

,008

-,032

-,044

,018

,013

-,027

,008

,036

,056

-,053

,037

VAR
0000

-,004

-,003

,050

,013

,047

-,054

-,031

-,019

,028

-,034

-,034

-,011

,033

,015

VAR
0000

,022

-,003

,050

-,028

,042

-,048

-,014

-,008

,013

,013

-,030

,027

,010

-,030

VAR
0000

-,014

,050

,050

,010

,033

,013

-,014

-,060

,028

-,006

,003

-,042

-,032

-,027

VAR
0000

,008

,013

-,028

,010

-,022

-,006

,008

,013

-,017

,000

-,037

,015

,021

,029

VAR
0000

-,032

,047

,042

,033

-,022

-,009

-,017

,002

,021

,011

-,019

-,016

-,036

-,001

VAR
0000

-,044

-,054

-,048

,013

-,006

-,009

,034

,060

-,032

-,013

,039

,015

,038

,000

VAR
0000

,018

-,031

-,014

-,014

,008

-,017

,034

,001

,002

-,014

,032

,002

-,010

-,003

VAR
0000

,013

-,019

-,008

-,060

,013

,002

,060

,001

,003

,004

,013

-,035

,023

-,032

VAR
0001

-,027

,028

,013

,028

-,017

,021

-,032

,002

,003

,014

-,025

-,001

,008

-,008

VAR
0001

,008

-,034

,013

-,006

,000

,011

-,013

-,014

,004

,014

,030

,007

-,012

-,010

VAR
0001

,036

-,034

-,030

,003

-,037

-,019

,039

,032

,013

-,025

,030

,010

,005

-,016
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VAR
0001 |,056 |-,011|,027 |-042|,015 |-016|,015 |,002 |-,035|-001|,007 |,010 -,041,021

VAR
ooo1 | -,053|,033 |,010 |-032]|,021 |-,036/,038 |-,010|,023 |,008 |-,012|,005 |-,041 ,026

VAR
ooo1|,037 |,015 |-,030|-027|,029 |-001]|,000 |-003|-032|-008|-010|-,016|,021 |,026

Extraction Method: Principal AxiBactoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 7 (6,0%) nonredundant residual

values greater than 0.05.

Rotated Factor Matrix?

Factor

VARO00001 ,663

VARO00002 ,663

VARO00003 ,637

VARO00004 ,520

VARO00005 ,889

VARO00006 814

VARO00007 ,676

VARO00008 ,739

VARO00009 ,582

VARO00010 ,908

VAR00011 ,687

VAR00012 ,682

VARO00013 ,582
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VARO00014

,570

VARO00015

,662

Extraction Method: Principal Axis Factoring.
Rotation Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 6 iterations.
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B. COST MANAGEMENT COMPLEX ITY AREA

Correlation Matrix @

VAROOO | VAROOO | VAROOO | VAROOO | VAROOO | VAROOO | VAROOO | VAROOO | VAROOO | VAROOO
01 02 03 05 06 07 08 09 10 11
Correlation| VAR00O
1,000 354 316 ,017 ,138 -,077 ,200 ,219 241 -,037
01
VARO000
,354 1,000 432 ,298 ,396 ,029 ,392 427 ,187 111
02
VARO000
,316 432 1,000 317 237 ,003 411 ,501 ,180 ,036
03
VARO000
,017 ,298 317 1,000 ,426 ,205 ,482 ,559 273 ,389
05
VARO000
,138 ,396 ,237 ,426 1,000 ,160 ,445 ,408 317 ,266
06
VARO000
-,077 ,029 ,003 ,205 ,160 1,000 ,244 ,199 373 527
07
VARO000
,200 ,392 411 ,482 ,445 ,244 1,000 ,533 ,438 442
08
VARO000
,219 427 ,501 ,559 ,408 ,199 ,533 1,000 ,302 ,302
09
VARO000
241 ,187 ,180 273 317 ,373 ,438 ,302 1,000 ,613
10
VARO000
-,037 111 ,036 ,389 ,266 ,527 442 ,302 ,613 1,000
11
Sig. (- | VAROOO
,000 ,001 434 ,084 ,220 ,022 ,014 ,007 ,357
tailed) 01
VARO000
,000 ,000 ,001 ,000 ,388 ,000 ,000 ,030 ,134
02
VARO000
,001 ,000 ,001 ,008 ,487 ,000 ,000 ,035 ,360
03
VARO000
434 ,001 ,001 ,000 ,020 ,000 ,000 ,003 ,000
05
VARO00
,084 ,000 ,008 ,000 ,054 ,000 ,000 ,001 ,003
06
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VARO00O
,220 ,388 487 ,020 ,054 ,007 ,022 ,000 ,000
07
VARO000
,022 ,000 ,000 ,000 ,000 ,007 ,000 ,000 ,000
08
VARO00O0
,014 ,000 ,000 ,000 ,000 ,022 ,000 ,001 ,001
09
VARO00O
,007 ,030 ,035 ,003 ,001 ,000 ,000 ,001 ,000
10
VARO000
,357 ,134 ,360 ,000 ,003 ,000 ,000 ,001 ,000
11
a. Determinant = ,036
KMO and Bartlett's Test
KaiserMeyerOlkin Measure of Sampling Adequacy. ,811
Bartlett's Test of Sphericity Approx. ChiSquare 321,079
df 45
Sig. ,000
Anti -image Matrices
VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO
001 002 003 005 006 007 008 009 010 011
Anti-image VAROO
,746 -,164 -,001 ,092 ,016 ,067 -,025 -,046 -,172 ,089
Covariance 001
VAROO
-,164 ,649 -,123 -,015 -,153 ,021 -,060 -,069 ,033 -,002
002
VAROO
-,091 -,123 ,624 -,047 ,048 ,019 -,107 -,158 -,034 ,090
003
VAROO
,092 -,015 -,047 571 -,121 ,021 -,073 -,176 ,031 -,096
005
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VAROO

,016 -,153 ,048 -,121 ,678 -,011 -,098 -,050 -,077 ,023
006
VARO0O

,067 ,021 ,019 ,021 -,011 , 706 -,003 -,047 -,057 -,194
007
VARO0O

-,025 -,060 -,107 -,073 -,098 -,003 524 -,085 -,061 -,094
008
VAROO

-,046 -,069 -,158 -,176 -,050 -,047 -,085 ,502 ,004 -,018
009
VAROO

-172 ,033 -,034 ,031 -,077 -,057 -,061 ,004 522 -,230
010
VARO0O

,089 -,002 ,090 -,096 ,023 -,194 -,094 -,018 -,230 439
011

Anti-image VAROO
,6558 -,236 -,134 ,142 ,022 ,092 -,041 -,076 -,276 ,155
Correlation 001

VAROO

-,236 ,843 -,193 -,024 -,230 ,032 -,103 -,120 ,056 -,004
002
VAROO

-,134 -,193 ,806 -,078 ,074 ,029 -,188 -,282 -,060 172
003
VARO00O

,142 -,024 -,078 ,837 -,194 ,034 -,133 -,329 ,057 -,191
005
VARO00O

,022 -,230 ,074 -,194 ,867 -,016 -,165 -,086 -,130 ,042
006
VAROO

,092 ,032 ,029 ,034 -,016 799 -,004 -,079 -,095 -,348
007
VAROO

-,041 -,103 -,188 -,133 -,165 -,004 ,899 -,166 -117 -,196
008
VAROO

-,076 -,120 -,282 -,329 -,086 -,079 -,166 ,854 ,007 -,039
009
VAROO

-,276 ,056 -,060 ,057 -,130 -,095 -,117 ,007 , 758 -,480
010
VAROO

,155 -,004 172 -,191 ,042 -,348 -,196 -,039 -,480 , 709
011

a. Measures of Sampling Adequacy(MSA)
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Communalities

Initial Extraction
VAR00001 ,254 ,509
VAR00002 ,351 ,430
VAR00003 376 437
VAR00005 429 ,562
VAR00006 322 ,330
VARO00007 ,294 ,333
VAR00008 476 547
VARO00009 ,498 ,606
VARO00010 478 ,616
VARO00011 ,561 ,802

Extraction Method: Principal Axis Factoring.

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings | Rotation Sums of Squared Loadings
% of | Cumulative % of | Cumulative % of | Cumulative
Factor | Total Variance % Total Variance % Total Variance %
1 3,795 | 37,950 37,950 3,337 33,369 33,369 2,360 23,599 23,599
2 1,715 17,153 55,103 1,261 12,610 45,979 1,854 18,543 42,142
3 1,025 10,249 65,352 574 5,740 51,719 ,958 9,577 51,719
4 , 740 7,397 72,749
5 ,621 6,212 78,961
6 ,513 5,127 84,089
7 ,495 4,948 89,037
8 434 4,342 93,379
9 377 3,769 97,147
10 ,285 2,853 100,000

Extraction Method: Principal Axis Factoring.
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Scree Plot
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Reproduced Correlations
VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO |VAROO | VAROO |VAROO
001 002 003 005 006 007 008 009 010 011
Reproduced VAROO
,509 ,345 ,325 ,007 ,152 -,066 ,215 ,207 ,230 -,039
Correlation 001
VAROO
,345 430 ,430 ,321 ,320 ,023 ,400 ,452 ,223 ,090
002
VAROO
,325 ,430 437 ,328 ,316 -,006 ,387 ,456 172 ,043
003
VAROO
,007 ,321 ,328 ,562 ,400 ,233 ,494 ,542 ,269 ,380
005
VAROO
,152 ,320 ,316 ,400 330 171 421 441 ,290 ,297
006
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VAROO
-,066 ,023 -,006 ,233 171 ,333 ,255 ,167 377 ,514
007
VAROO
,215 ,400 ,387 ,494 421 ,255 547 ,549 ,432 ,438
008
VAROO
,207 ,452 ,456 ,542 441 , 167 ,549 ,606 ,309 ,303
009
VAROO
,230 ,223 172 ,269 ,290 377 ,432 ,309 ,616 ,619
010
VAROO
-,039 ,090 ,043 ,380 ,297 514 ,438 ,303 ,619 ,802
011
Residudl VAROO
,008 -,009 ,009 -,015 -,011 -,014 ,012 ,011 ,002
001
VAROO
,008 ,002 -,024 ,076 ,006 -,008 -,025 -,036 ,021
002
VAROO
-,009 ,002 -,012 -,078 ,009 ,024 ,044 ,007 -,007
003
VAROO
,009 -,024 -,012 ,026 -,028 -,012 ,016 ,004 ,009
005
VAROO
-,015 ,076 -,078 ,026 -,011 ,024 -,033 ,027 -,031
006
VAROO
-,011 ,006 ,009 -,028 -,011 -,011 ,032 -,004 ,013
007
VAROO
-,014 -,008 ,024 -,012 ,024 -,011 -,015 ,006 ,004
008
VAROO
,012 -,025 ,044 ,016 -,033 ,032 -,015 -,007 -,001
009
VAROO
,011 -,036 ,007 ,004 ,027 -,004 ,006 -,007 -,006
010
VAROO
,002 ,021 -,007 ,009 -,031 ,013 ,004 -,001 -,006
011

Extraction Method: Principal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 2 (4,0%) nonredundant residuale:

values greater than 0.05.
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Rotated Factor Matrix @

Factor

VAR00001

,699

VAR00002 ,530

VARO00003 ,558

VARO00005 ,691

VAR00006 ,513

VARO00007 ,557

VAR00008 ,608

VAR00009 , 741

VAR00010 ,700

VAR00011 ,867

Extraction Method: Principal Axis Factoring.

Rotation Method: Varimax with Kaiser Normalizati®n.

a. Rotation converged in 6 iterations.
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C. QUALITY MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO
001 002 003 004 005 006 007 008 009 010 011
Correlatio| VAROO
1,000 ,287 ,050 414 273 ,141 ,362 ,373 ,396 ,337 ,157
n 001
VAROO
,287 1,000 |,352 ,298 ,450 ,637 416 ,576 ,227 ,344 ,563
002
VAROO
,050 ,352 1,000 |-,038 ,236 ,539 ,175 ,314 -,034 ,205 ,469
003
VAROO
414 ,298 -,038 1,000 |,513 ,059 ,507 ,366 174 ,251 ,206
004
VAROO
273 ,450 ,236 ,513 1,000 |,271 ,580 ,514 375 437 ,402
005
VAROO
141 ,637 ,539 ,059 271 1,000 |,356 ,364 ,133 ,157 ,469
006
VAROO
,362 ,416 175 ,507 ,580 ,356 1,000 |,395 ,376 ,404 ,282
007
VAROO
,373 ,576 314 ,366 514 ,364 ,395 1,000 |,360 ,332 ,347
008
VAROO
,396 227 -,034 174 ,375 ,133 ,376 ,360 1,000 |,521 ,086
009
VAROO
,337 ,344 ,205 ,251 ,437 ,157 ,404 ,332 521 1,000 |,224
010
VAROO
,157 ,563 ,469 ,206 ,402 ,469 ,282 ,347 ,086 ,224 1,000
011
Sig. (& | VAROO
,002 ,308 ,000 ,003 ,079 ,000 ,000 ,000 ,000 ,057
tailed) 001
VAROO
,002 ,000 ,001 ,000 ,000 ,000 ,000 ,011 ,000 ,000
002
VAROO
,308 ,000 ,351 ,009 ,000 ,039 ,001 ,369 ,019 ,000
003
VAROO
,000 ,001 ,351 ,000 ,279 ,000 ,000 ,040 ,005 ,019
004
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VAROO
,003 ,000 ,009 ,000 ,003 ,000 ,000 ,000 ,000 ,000
005
VARO00
,079 ,000 ,000 ,279 ,003 ,000 ,000 ,092 ,058 ,000
006
VARO00
,000 ,000 ,039 ,000 ,000 ,000 ,000 ,000 ,000 ,002
007
VAROO
,000 ,000 ,001 ,000 ,000 ,000 ,000 ,000 ,000 ,000
008
VAROO
,000 ,011 ,369 ,040 ,000 ,092 ,000 ,000 ,000 ,195
009
VAROO
,000 ,000 ,019 ,005 ,000 ,058 ,000 ,000 ,000 ,012
010
VAROO
,057 ,000 ,000 ,019 ,000 ,000 ,002 ,000 ,195 ,012
011
a. Determinant = ,012
KMO and Bartlett's Test
KaiserMeyerOlkin Measure oSampling Adequacy. 779
Bartlett's Test of Sphericity Approx. ChiSquare 427,283
df 55
Sig. ,000
Anti -image Matrices
VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO
001 002 003 004 005 006 007 008 009 010 011
Anti-image VAROO
,676 -020 |-,008 |-,176 ,090 ,005 -044 |(-081 |-148 |-,055 |-,008
Covariance 001
VAROO
-,020 |,371 ,084 -025 |-016 |-197 |-002 |-155 |,046 -,088 |-,148
002
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VAROO

-,008 ,084 ,549 ,104 -,040 -,197 ,005 -,117 ,149 -,130 -,160

003

VAROO
-,176 -,025 ,104 ,539 -,146 ,066 -,156 -,062 ,120 ,000 -,029

004

VARO00
,090 -,016 |-,040 |-,146 |,460 ,030 -135 |[-100 |-,079 |-,068 |-,092

005

VAROO
,005 -,197 |-,197 |,066 ,030 431 -110 |,027 -,052 |,097 -,023

006

VAROO
-,044 |-002 |,005 -156 |-,135 |-,110 |,510 ,022 -,068 |[-,060 |,024

007

VAROO
-081 |-155 |-117 |-062 |-100 |,027 ,022 ,515 -,109 |,045 ,044

008

VAROO
-,148 |,046 ,149 ,120 -079 |[-052 |-068 |-109 |,563 -230 |,017

009

VAROO
-,055 |[-088 |-,130 |,000 -,068 |,097 -,060 |,045 -,230 |,588 ,014

010

VAROO
-,008 |-148 |-160 |-029 |-092 |-023 |,024 ,044 ,017 ,014 ,570

011

Anti-image VARO0O
,81% -,040 |[-013 |-291 |,161 ,009 -075 |[-138 |-240 |-087 |-,013

Correlation 001

VAROO
-,040 |,772 ,186 -,056 |[-038 |-493 |-006 |[-354 |,101 -,188 |-,323

002

VAROO
-,013 |,186 ,635 ,192 -,080 |[-,405 |,009 -,221 |,268 -,228 |-,287

003

VAROO
-291 |-,056 |,192 734 -,293 |,137 -298 |[-119 |,217 ,000 -,052

004

VAROO
,161 -,038 |[-080 |-293 |,847 ,067 -279 |[-205 |-155 |-130 |-,180

005

VAROO
,009 -,493 |-405 |,137 ,067 ,70¢ | -,234 |,057 -,106 |,193 -,046

006

VAROO
-,075 -,006 ,009 -,298 -,279 -,234 ,860" ,043 -,126 -,109 ,045

007

VARO0O
-,138 |[-354 |-221 |-119 |[-205 |,057 ,043 840 | -,203 |[,082 ,081

008
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VAROO

-,240 |,101 ,268 ,217 -155 |(-106 |-126 |-203 |,683 |-399 |,031
009
VAROO

-,087 |-188 |-,228 |,000 -130 |,193 -,109 |,082 -399 |[,778 ,024
010
VAROO

-013 |-323 |-287 |-052 |-180 |-,046 |,045 ,081 ,031 ,024 ,84%
011

a. Measures of Sampling Adequacy(MSA)

Communalities

Initial Extraction
VARO00001 ,324 ,303
VARO00002 ,629 ,639
VAR00003 ,451 ,449
VARO00004 ,461 ,872
VAR00005 ,540 ,536
VAR00006 ,569 ,605
VARO00007 ,490 ,489
VAR00008 ,485 ,463
VAR00009 ,437 ,808
VAR00010 ,412 ,408
VAR00011 ,430 ,468

Extraction Method: Principal Axis Factoring.

Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of | Cumulative

Factor| Total Variance % Total

%

Variance

of

Cumulative

%

Total

%

Variance

of | Cumulative

%

1 4,369 39,716 39,716 3,919

35,626

35,626

2,389

21,720

21,720
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2 1,777 16,152 55,868 1,362 12,382 48,008 1,837 16,696 38,416
3 ,999 9,080 64,948 , 757 6,884 54,892 1,812 16,476 54,892
4 , 761 6,919 71,866
5 ,633 5,752 77,618
6 ,608 5,532 83,150
7 ,560 5,090 88,240
8 ,455 4,138 92,379
9 321 2,918 95,297
10 ,310 2,821 98,118
11 ,207 1,882 100,000
Extraction Method: Principal Axis Factoring.
Scree Plot
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Reproduced Correlations

VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO | VAROO
001 002 003 004 005 006 007 008 009 010 011

Reproduced VAROO
,303 272 ,054 ,382 375 131 ,366 ,320 ,388 ,326 ,165

Correlation 001

VAROO
272 ,63% ,460 ,302 ,490 577 ,449 ,509 237 ,344 ,533

002

VAROO
,054 ,460 449 -,034 | 217 ,514 ,182 ,289 ,002 ,133 427

003

VAROO
,382 ,302 -,034 |,872 524 ,048 ,508 373 173 ,264 ,199

004

VAROO
,375 ,490 217 524 536 ,329 ,511 481 ,380 ,399 ,359

005

VAROO
,131 577 ,514 ,048 ,329 ,608 ,288 ,398 ,098 ,226 514

006

VAROO
,366 ,449 ,182 ,508 ,511 ,288 ,489% 454 ,386 ,388 321

007

VAROO
,320 ,509 ,289 373 481 ,398 454 463 ,354 ,376 ,389

008

VAROO
,388 ,237 ,002 173 ,380 ,098 ,386 ,354 ,808 ,523 ,076

009

VAROO
,326 344 ,133 ,264 ,399 ,226 ,388 ,376 ,523 ,408 ,216

010

VAROO
,165 ,533 427 ,199 ,359 ,514 321 ,389 ,076 ,216 468

011

Residudl VAROO
,015 -,003 |,032 -,103 |,010 -,004 |,053 ,008 ,011 -,007

001

VAROO -
002 ,015 -,109 |-,004 |-041 |[,059 -,033 |,067 -011 |9,507E|,030
-5

VAROO
-,003 |-,109 -,005 |,019 ,024 -,007 |,025 -,036 |,072 ,042

003

VAROO
,032 -,004 | -,005 -,012 |,011 -,001 |-,007 |,001 -,013 |,007

004
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VARO0

-,103 |-,041 |,019 -,012 -,058 |,069 ,032 -,005 |,038 ,043
005
VARO0

,010 ,059 ,024 ,011 -,058 ,068 -,034 |,035 -,069 |-,045
006
VARO0

-004 |-033 |[-007 |-001 |,069 ,068 -,059 |-010 |,016 -,039
007
VARO0

,053 ,067 ,025 -,007 |,032 -,034 |-,059 ,006 -,044 | -,043
008
VAROO

,008 -011 |-036 |[,001 -,005 |,035 -,010 |,006 -,001 |,010
009
VARO0 -
010 ,011 9,507E | ,072 -,013 |,038 -,069 |,016 -,044 | -,001 ,009

-5

VAROO

-,007 |,030 ,042 ,007 ,043 -,045 |[-039 |[-043 |,010 ,009
011

Extraction MethodPrincipal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 11 (20,0%) nonredundant residuaie

values greater than 0.05.

Rotated Factor Matrix?

Factor

VARO00001 ,402

VARO00002 ,698

VARO00003 ,669

VARO00004 ,927

VARO00005 ,521

VARO00006 ,768

VARO00007 ,503

VARO00008 443
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VARO00009 ,895

VARO00010 ,567

VARO00011 ,647

Extraction Method: Principal Axis Factoring.

Rotation Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 4 iterations.
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D. COMMUNICATION MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VARO |VARO |[VARO |VARO |VARO |VARO |VARO |VARO |[VARO |[VARO |VARO |VARO
0001 |[0002 |0003 |0004 |0005 |0006 |0007 |[0008 |0009 |0010 |0011 |0012

Correlati | VARO
1,000 |-,063 ,170 274 ,294 ,445 ,043 317 ,500 ,599 ,252 ,226

on 0001

VARO
-063 |[1,000 |-076 |,538 ,436 -,070 |,227 ,103 -,027 |-101 |,389 -,015

0002

VARO
,170 -076 (1,000 |,054 ,154 ,337 ,295 ,266 ,395 ,226 ,015 344

0003

VARO
274 ,538 ,054 1,000 |,671 ,305 ,197 ,187 ,342 ,205 ,360 ,364

0004

VARO
,294 ,436 ,154 671 1,000 |,389 ,162 ,154 ,379 ,354 ,490 ,346

0005

VARO
,445 -070 |,337 ,305 ,389 1,000 |,205 ,356 ,649 471 ,279 ,408

0006

VARO
,043 227 ,295 ,197 ,162 ,205 1,000 |,339 ,192 -,039 |,052 ,354

0007

VARO
317 ,103 ,266 ,187 ,154 ,356 ,339 1,000 |,514 ,404 ,006 ,192

0008

VARO
,500 -,027 |,395 ,342 ,379 ,649 ,192 ,514 1,000 |,610 ,294 ,408

0009

VARO
,599 -,101 |,226 ,205 ,354 AT71 -,039 |,404 ,610 1,000 |,224 ,292

0010

VARO
,252 ,389 ,015 ,360 ,490 ,279 ,052 ,006 ,294 ,224 1,000 |,196

0011

VARO
,226 -,015 |[,344 ,364 ,346 ,408 ,354 ,192 ,408 ,292 ,196 1,000

0012

Sig. (% | VARO
,264 ,044 ,003 ,001 ,000 ,335 ,001 ,000 ,000 ,005 ,011

tailed) 0001

VARO
,264 224 ,000 ,000 ,243 ,011 ,151 ,393 ,156 ,000 441

0002

VARO
,044 224 ,295 ,061 ,000 ,001 ,003 ,000 ,011 ,440 ,000

0003
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VARO
,003 ,000 ,295 ,000 ,001 ,024 ,030 ,000 ,019 ,000 ,000
0004
VARO
,001 ,000 ,061 ,000 ,000 ,052 ,061 ,000 ,000 ,000 ,000
0005
VARO
,000 ,243 ,000 ,001 ,000 ,020 ,000 ,000 ,000 ,002 ,000
0006
VARO
,335 ,011 ,001 ,024 ,052 ,020 ,000 ,027 ,348 ,302 ,000
0007
VARO
,001 ,151 ,003 ,030 ,061 ,000 ,000 ,000 ,000 ATT ,027
0008
VARO
,000 ,393 ,000 ,000 ,000 ,000 ,027 ,000 ,000 ,001 ,000
0009
VARO
,000 ,156 ,011 ,019 ,000 ,000 ,348 ,000 ,000 ,012 ,001
0010
VARO
,005 ,000 ,440 ,000 ,000 ,002 ,302 ATT ,001 ,012 ,024
0011
VARO
,011 ,441 ,000 ,000 ,000 ,000 ,000 ,027 ,000 ,001 ,024
0012
a. Determinant = ,008
KMO and Bartlett's Test
KaiserMeyerOlkin Measure of Sampling Adequacy. , 763
Bartlett's Test of Sphericity Approx. ChiSquare 464,960
df 66
Sig. ,000
Anti-image Matrices
VARO |VARO |VARO [VARO |VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO
0001 |0002 |0003 |0004 |0005 |0006 |0O0OO7 |0008 |0009 |0010 |0011 |0012
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Anti-image VARO
,568 |,079 |,005 |-087 |,021 |-055 |-024 |-034 |-022 |-192 |-081 |,052

Covariance 0001

VARO
,079 ,448 |-005 |-,187 |-074 |,094 |-114 |-108 |,057 |,031 |-191 |,132

0002

VARO
,005 |-,005 |,732 ,085 |-050 |-,046 |-115 |-010 |-107 |,008 |,075 |[-,115

0003

VARO
-,087 |-,187 |,085 389 |-,172 |-,025 |,035 |,010 |-063 |,056 |,073 |-,136

0004

VARO
,021 |-,074 |-050 |-172 |,417 |-,065 |-,008 [,051 ,009 |-,098 |-114 |-,024

0005

VARO
-055 |,094 |-046 |-025 |-065 |,496 |-,047 |-031 |-137 |-,007 |-,063 |-,042

0006

VARO
-024 |-114 |-2115 |,035 |-008 |-047 |,662 |-175 |,003 |,135 |,035 |-,199

0007

VARO
-034 |-108 |-010 |,010 |,052 |-031 |-175 |,576 |-142 |-111 |,135 ,049

0008

VARO
-022 |,057 |-107 |-063 |,009 |[-137 |,003 |-142 |,362 |-,106 |-,088 |-,023

0009

VARO
-192 |,031 |,008 ,056 |-,098 |-007 |,135 |-111 |-106 |,438 [-,002 |-,060

0010

VARO
-081 |-191 |,075 ,073 |-,114 |-,063 |,035 |,135 |-088 |-002 |,612 |-,055

0011

VARO
,052 , 132 |-,115 |-,136 |-,024 |-,042 |-199 |,049 |-023 |-060 |-055 |[,607

0012

Anti-image VARO
,82# |,156 |,007 |-185 |,042 |-103 |-038 |-059 |[-048 |-386 |-137 |,089

Correlation 0001

VARO
,156 | ,543 |-,008 |-448 |-172 |,200 |-208 |-213 |,142 |,070 |-,364 |,253

0002

VARO
,007 |-,008 |,812 |,159 |-091 |-076 |-165 |-015 |-208 |,014 |,112 |-173

0003

VARO
-,185 |-,448 |,159 , 70 |-428 |-057 |,070 |,021 |-168 |[,136 |(,149 |-,280

0004

VARO
,042 | -172 |-,091 |-428 |,814 |-143 |-015 [,105 ,023 |-,228 |-226 |-,047

0005
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VARO

-103 |,200 |-076 |-057 |-143 |,883% |-082 |-059 |-324 |-015 |-114 |-077
0006
VARO

-,038 |-208 |-165 |,070 |-015 |-082 |,6168° |-284 |,006 |,251 |[,055 |[-314
0007
VARO

-059 |-213 |-015 |,021 |,105 |-059 |-284 |,73C¢ |-312 |[-221 |,228 |,083
0008
VARO

-,048 |,142 |-208 |-168 |,023 |-324 |,006 |-312 |,833 |-266 |-187 |-049
0009
VARO

-,386 |,070 |,014 |,136 |(-228 |-015 |,251 |-221 |-266 |,77% |-004 |-117
0010
VARO

-137 |-364 |,112 |,149 |-226 |-114 |,055 |,228 |-187 |-004 |,707# |-,090
0011
VARO

,089 |,253 |-,173 |-280 |-,047 |-077 |-314 |,083 |-049 |-117 |-090 |,766
0012

a. Measures of Sampling Adequacy(MSA)

Communalities

Initial Extraction
VAR00001 432 454
VARO00002 ,552 ,610
VARO00003 ,268 ,303
VARO00004 ,611 ,638
VAR00005 ,583 ,668
VARO00006 ,504 ,535
VARO00007 ,338 ,613
VARO00008 424 317
VARO00009 ,638 , 726
VARO00010 ,562 ,650
VAR00011 ,388 ,353
VAR00012 ,393 ,334

Extraction Method: Principal AxiBactoring.
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Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of | Cumulative % of | Cumulative % of | Cumulative

Factor| Total Variance % Total Variance % Total Variance %

1 4,196 34,971 34,971 3,746 31,216 31,216 2,649 22,076 22,076
2 1,970 |16,416 51,386 1,546 12,883 44,099 2,093 17,445 39,521
3 1,390 11,585 62,971 ,909 7,571 51,670 1,458 12,149 51,670
4 ,943 7,857 70,828

5 ,682 5,687 76,516

6 ,627 5,226 81,741

7 ,543 4,529 86,270

8 ,485 4,041 90,311

9 377 3,141 93,452

10 ,297 2,476 95,928

11 ,285 2,372 98,300

12 ,204 1,700 100,000

Extraction Method: Principal Axis Factoring.
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Scree Plot

5
4
¢ 3
=
[
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W o
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1 2 3 4 5 G 7 g 9 10 11 12
Factor Number
Reproduced Correlations
VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO
0001 |0002 |0003 |0004 |0005 |0006 |0007 |0008 |0009 |0010 |0011 |0012
Reproduced | VARO
454 |-055 |,205 |,247 |(,329 |,456 |-001 |(,277 |,536 |,540 |,233 |,265
Correlation 0001
VARO
-055 |,61¢ |-073 |,519 |,469 |-012 |,204 |-020 |-039 |-129 |,335 |,102
0002
VARO
,205 |-,073 |,303 |,095 |,110 |,327 |,319 |,299 |,378 |,241 |,023 |,285
0003
VARO
,247 |,519 |,095 |,638 |(,643 |[,304 |[,230 |(,186 |,334 |,235 |,451 |,290
0004
VARO
,329 ,469 ,110 ,643 ,668 | ,368 ,173 ,213 412 ,338 476 ,307
0005

270




VARO

456 |-012 |,327 |,304 |,368 |,53% |,215 |,384 |,622 |,532 |[,228 |,381

0006

VARO
-001 |,204 |,319 |,230 |,173 |,215 |.,613 |,288 |,230 |-036 |,036 |,329

0007

VARO
277 |-020 |,299 |,186 |,213 |,384 |,288 |,317 |,444 |,321 |[,105 |,313

0008

VARO
536 |-039 |,378 |,334 |,412 |.622 |,230 |,444 |,726 |,630 |[,256 |,436

0009

VARO
540 |-129 |,241 |,235 |,338 |,532 |-036 |,321 |,630 |,650" |[,241 |,295

0010

VARO
233 |,335 |,023 |,451 |,476 |,228 |,036 |,105 |,256 |,241 |[,353 |,172

0011

VARO
,265 |,102 |,285 |,290 |,307 |.,381 |,329 |,313 |.436 |,295 |[,172 |,334

0012

Residudl VARO
-,008 |(-035 |,027 |-035 |-011 |,044 |,040 |-037 |,059 |[,019 |-,040

0001

VARO
-,008 -,003 |,019 |-033 |-058 |,023 |,123 |,012 |,028 |,054 |-117

0002

VARO
-,035 |-,003 -,041 |,045 |,010 |-023 |-033 |,018 |-014 |-,008 |,060

0003

VARO
027 |,019 |-041 ,028 |,001 |-033 |,001 |,008 [-030 |-091 |,074

0004

VARO
-,035 [-033 |,045 |,028 ,021 |-011 |[-059 |-032 |,016 |,014 |,039

0005

VARO
-011 |-058 |,010 |, 001 |,021 -,010 |[-028 |,027 |-061 |,051 |,027

0006

VARO
,044 |,023 |-023 |-,033 |-011 |-010 ,052 |-,038 |[-003 |,016 |,025

0007

VARO
,040 |,123 |[-033 |,001 |-059 |-,028 |,052 ,071 |,084 |[-099 |-121

0008

VARO
-,037 |,012 |,018 |,008 |-032 |,027 |-038 |,071 -,020 |,038 |-,028

0009

VARO
,059 |,028 |-014 |-,030 |,016 |-061 |-003 |,084 |-020 -,017 |-,002

0010
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VARO

,019 |,054 |-008 |-091 |,014 |,051 |,016 |-099 |(,038 |-,017 ,024
0011
VARO

-,040 |-117 |,060 |,074 |,039 |,027 |,025 |-121 |-,028 |-002 |,024
0012

Extraction Method: Principal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. The(@4884d)onredundant residuals with abso

values greater than 0.05.

Rotated Factor Matrix?

Factor

VARO00001 ,657

VAR00002 , 734
VAR00003 467
VAR00004 , 754
VARO00005 737

VAR00006 ,633

VARO00007 ,762

VARO00008 ,415

VARO00009 , 753

VARO00010 ,800

VAR00011 ,542

VARO00012 ,433

Extraction Method: Principal Axis Factoring.

Rotation Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 5 iterations.
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E. HUMAN RESOURCES MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VAR |VAR |VAR |VAR (VAR |VAR |VAR |[VAR |VAR |VAR |VAR (VAR |VAR |VAR
00001| 00002| 00003| 00004| 00005| 00006 | 00007 | 00008| 00009| 00010| 00011| 00012| 00013| 00014
Correla | VAR
1,000 |,481 |,513 |,280 |,295 |,304 |,316 |,268 |,366 |,119 |,300 |,328 |,336 |,489
tion 00001
VAR
481 |1,000|,398 |,181 |,211 |,323 |,230 |,388 |[,292 |,165 |,224 |,200 |,184 |,271
00002
VAR
,513 |,398 |1,000 |,461 |,456 |,492 |,494 |,462 |,318 |,260 |,347 |,353 |,342 |,413
00003
VAR
, 280 |,181 |,461 |1,000 |,476 |,315 |,427 |,292 |,140 |,207 |,244 |,325 |,169 |,199
00004
VAR
295 |,211 |,456 |,476 |1,000|,525 |,389 |,268 |,121 |,244 |,269 |,250 |,175 |,238
00005
VAR
,304 |,323 |,492 |,315 |,525 |1,000|,493 |,425 |,091 |,089 |,254 |,398 |,337 |,281
00006
VAR
,316 |,230 |,494 |,427 |,389 |,493 |1,000|,411 |,024 |,210 |,371 |,336 |,372 |,301
00007
VAR
,268 |,388 |,462 |,292 |,268 |,425 |,411 |1,000 |,414 |,465 |,632 |[,290 |,308 |,232
00008
VAR
,366 |,292 |,318 |,140 |,121 |,091 |,024 |,414 |1,000|,533 |,537 |,274 |,344 |,462
00009
VAR
, 119 |,165 |,260 |,207 |,244 |,089 |,210 |,465 |,533 |1,000 |,658 |,083 |,277 |,295
00010
VAR
,300 |,224 |,347 |,244 |,269 |,254 |,371 |,632 |,537 |,658 |1,000|,246 |,341 |,286
00011
VAR
,328 |,200 |,353 |,325 |,250 |,398 |,336 |,290 |[,274 |,083 |,246 |1,000|,542 |,531
00012
VAR
336 |,184 |,342 |,169 |,175 |,337 |,372 |,308 |,344 |,277 |,341 |,542 |1,000 |,790
00013
VAR
489 |,271 |,413 |,199 |,238 |,281 |,301 |,232 |,462 |,295 |,286 |,531 |,790 |1,000
00014
Sig. (| VAR
,000 |,000 |,002 |,001 {,001 |,0012 |,003 |,000 |,116 |,001 |,000 |,000 |,000
tailed) [00001
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VAR
,000 ,000 (,035 |,017 |,000 |,010 |,000 |,001 |,049 |,012 |,022 |,032 |,003
00002
VAR
,000 |,000 ,000 |(,000 |[,000 |,000 |,000 |,001 |,004 |,000 [,000 |[,000 |,000
00003
VAR
,002 |,035 |,000 ,000 (,001 |,000 |,001 |,080 |,018 |,007 |,000 |,044 |,023
00004
VAR
,001 |,017 |,000 |,000 ,000 |,000 |,003 |,113 |,007 |,003 |,006 |,039 |,008
00005
VAR
,001 |,000 |,000 |[,001 {,000 ,000 |,000 |,182 |,187 |,005 |,000 |,000 |[,002
00006
VAR
,001 |,010 |,000 |,000 |,000 |,000 ,000 |,403 |,017 |,000 |,000 |,000 |[,001
00007
VAR
,003 |,000 |,000 |[,001 |,003 |,000 |,000 ,000 |,000 |,000 |,002 |,001 |,010
00008
VAR
,000 |,001 |,001 |,080 |,113 |,182 |,403 |,000 ,000 |,000 |,003 |,000 |,000
00009
VAR
, 116 |,049 |,004 |,018 |,007 |,187 |,017 |,000 |,000 ,000 |,204 |,002 |,001
00010
VAR
,001 |,012 |,000 |,007 |,003 |,005 |,000 |,000 |,000 [,000 ,006 |,000 |[,002
00011
VAR
,000 [,022 |,000 |,000 |,006 |,000 |,000 |,002 |,003 |,204 |,006 ,000 |,000
00012
VAR
,000 |,032 |,000 |,044 |,039 |,000 |,000 |,001 |,000 |,002 |[,000 |[,000 ,000
00013
VAR
,000 |,003 |,000 |,023 |,008 |,002 |,001 |,010 |,000 |,001 |[,002 {,000 |,000
00014
a. Determinant = ,001
KMO and Bartlett's Test
KaiserMeyerOlkin Measure of Sampling Adequacy. ,819
Bartlett's Test of Sphericity Approx. ChiSquare 637,724
df 91
Sig. ,000
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Anti -image Matrices

VAR |[VAR |VAR |VAR (VAR |VAR |[VAR |VAR |VAR |VAR |VAR (VAR |VAR |VAR
0000 | 0000 | 0000 | 0000 | 0000 | 0000 0000 | OOOO | 0000 | 0001 | OO01 |0001 | 0001 | 0001

Anti-image | VAR
Covariance | 0000 |,515 |-,190 |(-,109 |-,027 |-,031 |,016 |-,036 |,048 |-,066 |,117 |-,080 |,008 |,038 |-,095

VAR
0000 |-,190 |,661 |-038 |,023 |,018 |-071 |,002 |-126 |-041|-020 {,059 |,016 |,034 |-,016

VAR
0000 |-,109 |-,038 | ,474 |-,104 |-058 |-,072 |-090 |-076 |-,045 |-008 |,032 |,012 |,017 |-,035

VAR
0000 |-,027 |,023 |-104 |,631 |-171|,055 |-112|-021 |-003 |-039 [,025 |-123 |,025 |,023

VAR
0000 |-,031 |,018 |-058 |-171|,562 |-207 |-007 |,052 |,040 |-080 |-,024 |,008 |,054 |-,035

VAR
0ooo |,016 |-071|-072 |,055 |-207 |,496 |-086 |-097 |,030 |,068 |,007 |-,083 |-,049 |,023

VAR
0000 |-,036 |,002 |-090 |-112 |-,007 |-086 |,515 |-044 |,165 |-016 |-085 |-013 |-,051 |-,007

VAR
0000 |,048 |-,126 |-,076 |-,021 |,052 |-,097 |-044 |,441 |-053 |-,043 |-139 |-030 |-,029 |,053

VAR
0000 |-,066 |-,041 |-,045 |-,003 |,040 |,030 |,165 |-,053 |,452 |-114 |-101 |-,053 |,028 |-,082

VAR
ooo1 |,117 |-,020 |-,008 |-,039 |-080 |,068 |-016 |-,043 |-114 |,440 |-173 |,107 |-,006 |-,049
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VAR
0001

-,080

,059

,032

,025

-,024

,007

-,085

-,139

-,101

-,173

,365

-,024

-,036

,051

VAR
0001

,008

,016

,012

-,123

,008

-,083

-,013

-,030

-,053

,107

-,024

,567

-,076

-,067

VAR
0001

,038

,034

,017

,025

,054

-,049

-,051

-,029

,028

-,006

-,036

-,076

,308

-,194

VAR
0001

-,095

-,016

-,035

,023

-,035

,023

-,007

,053

-,082

-,049

,051

-,067

-,194

,264

Anti-image

Correlation

VAR
0000

,816

-,325

-,220

-,048

-,057

,032

-,070

,101

-,136

,245

-,185

,015

,095

-,259

VAR
0000

-,325

837

-,067

,036

,030

-,123

,004

-,232

-,075

-,036

,120

,026

,075

-,039

VAR
0000

-,220

-,067

913

-,190

-,113

-,148

-,183

-,165

-,098

-,018

,077

,023

,045

-,099

VAR
0000

-,048

,036

-,190

84T

-,288

,098

-,196

-,039

-,006

-074

,051

-,205

,057

,056

VAR
0000

-,057

,030

-,113

-,288

,808

-,391

-,012

,104

,079

-,161

-,053

,014

,130

-,090

VAR
0000

,032

-,123

-,148

,098

-,391

,830

-,170

-,208

,063

,146

,017

-,156

-,125

,063

VAR
0000

-,070

,004

-,183

-,196

-,012

-,170

,853

-,093

,341

-,033

-,196

-,025

-,128

-,019

VAR
0000

,101

-,232

-, 165

-,039

,104

-,208

-,093

,854

-,119

-,098

-,347

-,061

-,079

,156
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VAR
0000

-,136

-,075

-,098

-,006

,079

,063

341

-,119

,802

-,255

-,248

-104

,075

-,237

VAR
0001

,245

-,036

-,018

-,074

-,161

,146

-,033

-,098

-,255

, 756

-,431

214

-,016

-,143

VAR

0001 |-,185

,120

,077

,051

-,053

,017

-,196

-,347

-,248

-,431

, 7958

-,053

-,108

,164

VAR
0001

,015

,026

,023

-,205

,014

-,156

-,025

-,061

-,104

,214

-,053

,886

-,183

-172

VAR
0001

,095

,075

,045

,057

,130

-,125

-,128

-,079

,075

-,016

-,108

-,183

, 762

-,683

VAR

0001 |-,259

-,039

-,099

,056

-,090

,063

-,019

,156

-,237

-,143

,164

-,172

-,683

, 745

a. Measures of Sampling Adequacy(MSA)

Communalities

Initial Extraction
VAR00001 ,485 ,591
VARO00002 ,339 ,379
VARO00003 ,526 ,597
VARO00004 ,369 ,344
VARO00005 ,438 ,413
VARO00006 ,504 ,523
VAR00007 ,485 ,528
VAR00008 ,559 ,542
VAR00009 ,548 ,650
VAR00010 ,560 ,632
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VARO00011 ,635 , 734
VARO00012 433 422
VARO00013 ,692 ,827
VARO00014 , 736 ,836

Extraction Method: Principal Axis Factoring.

Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of | Cumulative % of | Cumulative % of | Cumulative

Factor | Total Variance % Total Variance % Total Variance %

1 5,348 |38,197 38,197 4,942 35,300 35,300 2,495 17,819 17,819
2 1,712 | 12,229 50,426 1,302 9,300 44,600 2,150 15,354 33,173
3 1,465 |10,462 60,888 1,151 8,218 52,819 2,039 14,568 47,741
4 1,084 |7,742 68,630 ,625 4,461 57,280 1,335 9,539 57,280
5 ,827 5,909 74,539

6 ,650 4,640 79,179

7 ,628 4,484 83,662

8 ,496 3,545 87,207

9 ,452 3,231 90,438

10 ,346 2,470 92,908

11 ,318 2,275 95,182

12 ,282 2,011 97,193

13 ,238 1,698 98,892

14 ,155 1,108 100,000

Extraction Method: Principal Axis Factoring.
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Scree Plot
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1 2 3 4 5 g 7 ] 9 10 11 12 13 14
Factor Number
Reproduced Correlations
VAR | VAR |VAR |VAR |VAR |VAR |VAR |[VAR (VAR |[VAR |VAR |VAR |VAR |VAR
0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0001 | 0001 | 0001 | 0001 | 0001
1 2 3 4 5 6 7 8 9 0 1 2 3 4
Reproduced | VAR
Correlation | 0000 |,59% |,455 |,509 |,274 |,292 |,346 |,276 |,316 |,381 |,144 |,242 |,347 |,334 |,480
1
VAR
0000 |,455 |,379 |,418 |,238 |,255 |,276 |,224 |,302 |,315 |,167 |,250 |,219 |,165 |,283
2
VAR
0000 |,509 |,418 |,597 |,420 |,455 |,509 |,479 |,458 |,299 |,248 |,382 |,384 |,343 |,399
3
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VAR
0000

274

,238

,420

344

,376

,415

412

,340

,109

172

277

,262

,210

,197

VAR
0000

,292

,255

,455

,376

413

454

,450

,363

,099

172

,288

277

,211

,195

VAR
0000

,346

,276

,509

415

454

523

512

,359

,083

,130

,260

,364

,319

,301

VAR
0000

,276

224

479

412

,450

,512

528

,394

,098

,208

,331

,362

,354

297

VAR
0000

,316

,302

,458

,340

,363

,359

,394

542

,415

,498

,593

,260

,282

,279

VAR
0000

,381

,315

,299

,109

,099

,083

,098

415

,650

517

,546

,220

,366

,458

VAR
0001

144

,167

,248

172

172

,130

,208

,498

,517

,632

,667

,150

277

247

VAR
0001

242

,250

,382

277

,288

,260

,331

,593

,546

,667

7348

,232

,337

311

VAR
0001

,347

,219

,384

,262

277

,364

,362

,260

,220

,150

,232

422

,540

,538

VAR
0001

,334

,165

,343

,210

,211

,319

,354

,282

,366

277

,337

,540

,82F

,791

VAR
0001

,480

,283

,399

,197

,195

,301

,297

279

,458

247

311

,538

, 791

,836

Residudl

VAR
0000

,026

,003

,006

,003

-,043

,039

-,048

-,015

-,025

,057

-,018

,002

,010
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VAR
0000

,026

-,020

-,057

-,045

,048

,006

,085

-,024

-,002

-,026

-,019

,019

-,012

VAR
0000

,003

-,020

,041

,001

-,017

,015

,005

,018

,012

-,035

-,031

-,001

,015

VAR
0000

,006

-,057

,041

,099

-,100

,015

-,048

,031

,036

-,033

,064

-,040

,002

VAR
0000

,003

-,045

,001

,099

,071

-,061

-,095

,022

,071

-,019

-,027

-,036

,042

VAR
0000

-,043

,048

-,017

-,100

,071

-,019

,065

,008

-,041

-,006

,034

,018

-,020

VAR
0000

,039

,006

,015

,015

-,061

-,019

,018

-,074

,001

,039

-,026

,019

,004

VAR
0000

-,048

,085

,005

-,048

-,095

,065

,018

,000

-,034

,038

,031

,026

-,048

VAR
0000

-,015

-,024

,018

,031

,022

,008

-,074

,000

,016

-,009

,054

-,022

,004

VAR
0001

-,025

-,002

,012

,036

,071

-,041

,001

-,034

,016

-,008

-,067

,000

,048

VAR
0001

,057

-,026

-,035

-,033

-,019

-,006

,039

,038

-,009

-,008

,013

,004

-,024

VAR
0001

-,018

-,019

-,031

,064

-,027

,034

-,026

,031

,054

-,067

,013

,002

-,007

VAR
0001

,002

,019

-,001

-,040

-,036

,018

,019

,026

-,022

,000

,004

,002

-,001
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VAR
0oo1 |,010 |-,012|,015 |,002 |,042 |-020 |,004 |-048 [,004 |,048 |-024 |-007 |-001

Extraction Method: Principal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 14 (15,0%) noresitiwadmmith absolut

values greater than 0.05.

Rotated Factor Matrix?

Factor

1 2 3 4
VARO00001 ,663
VARO00002 ,539
VAR00003 577 ,433

VAR00004 547

VARO00005 ,608

VAR00006 ,674

VARO00007 ,678

VAR00008 425 ,562

VARO00009 ,625 413
VARO00010 ,780

VARO00011 , 795

VARO00012 ,523

VARO00013 ,861

VARO00014 ,834

Extraction Method: Principal Axis Factoring.

Rotation Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 6 iterations.
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F. PROCUREMENT MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VARO | VARO | VARO | VARO [ VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO
0002 | 0003 |0005 |0006 |0007 |0009 |[0010 |[0011 |0012 |0013 |0014 |0015 |0016
Correlat | VARO
1,000 |,466 ,366 ,518 ,145 ,551 ,325 ,500 ,285 ,307 ,351 ,360 274
ion 0002
VARO
466 1,000 (,312 |,486 |,314 |,468 |,344 |,472 |,389 |,400 |,357 |,349 |,260
0003
VARO
,366 |,312 (1,000 |(,383 |,539 |,301 |,324 |,156 |,207 |,235 |,382 |,283 |,543
0005
VARO
,518 |,486 |,383 |1,000 |,353 |,453 |,308 |,496 |,260 |,426 |,331 |,450 |,288
0006
VARO
145 |,314 |,539 |,353 |1,000 (,288 |,391 |,291 |,325 |,312 |,428 |,397 |,535
0007
VARO
551 |,468 |[,301 |,453 |,288 |[1,000 |,498 |,518 |,462 |,466 |,414 |,457 |,288
0009
VARO
3256 |,344 |,324 |,308 |,391 |,498 |1,000 |,350 |,530 |,511 |,680 |,524 |,503
0010
VARO
,500 |,472 |,156 |,496 |,291 |,518 |,350 |[1,000 |,328 |,414 |,425 |,356 |,387
0011
VARO
285 |[,389 |,207 |,260 |,325 |,462 |,530 |,328 |1,000 |,549 |,510 |,580 |,314
0012
VARO
,307 |,400 |,235 |,426 |,312 |,466 |,511 |,414 |,549 |1,000 |,538 |,680 |,421
0013
VARO
351 |,357 |(,382 |,331 |,428 |,414 |,680 |,425 |,510 |,538 |1,000 |,656 |,472
0014
VARO
360 |,349 |,283 |,450 |,397 |,457 |,524 |,356 |,580 |,680 |,656 |1,000 |,429
0015
VARO
274 |,260 |,543 |,288 |,535 |,288 |,503 |,387 |,314 |,421 |,472 |,429 |1,000
0016
Sig. (| VARO
,000 ,000 ,000 ,073 ,000 ,000 ,000 ,002 ,001 ,000 ,000 ,003
tailed) | 0002
VARO
,000 ,001 ,000 ,001 ,000 ,000 ,000 ,000 ,000 ,000 ,000 ,004
0003
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VARO
,000 |,001 ,000 |,000 |,001 |,000 |,059 |,019 |,009 |,000 |,002 |,000
0005
VARO
,000 |,000 |,000 ,000 |, 000 |,001 |,000 |,004 |,000 |,000 |,000 |,002
0006
VARO
,073 |,001 |,000 |,000 ,002 |,000 |,002 |,000 |(,001 |,000 |,000 [,000
0007
VARO
,000 |,000 |,001 |,000 |,002 ,000 |,000 |,000 |,000 |(,000 |,000 |,002
0009
VARO
,000 |,000 |,000 |,001 |,000 |,000 ,000 |,000 |,000 |,000 |,000 |,000
0010
VARO
,000 |,000 |,059 |,000 |,002 |,000 |,000 ,000 |,000 |,000 |,000 |,000
0011
VARO
,002 |,000 |,019 |,004 |,000 |,000 |,000 |,000 ,000 |,000 |,000 |[,001
0012
VARO
,001 |,000 |,009 |,000 |,001 |,000 |,000 |,000 |,000 ,000 |,000 |,000
0013
VARO
,000 |,000 |,000 |,000 |,000 |,000 |,000 |,000 |,000 |,000 ,000 |,000
0014
VARO
,000 |,000 |,002 |,000 |,000 |,000 |,000 {(,000 |,000 |,000 |,000 ,000
0015
VARO
,003 |,004 |,000 |,002 |,000 |,002 |,000 |(,000 |,001 |,000 |,000 |,000
0016
a. Determinant = ,002
KMO and Bartlett's Test
KaiserMeyerOlkin Measure of Sampling Adequacy. ,851
Bartlett's Test of Sphericity Approx. Chi-Square 620,661
df 78
Sig. ,000
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Anti -image Matrices

VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO
0002 | 0003 | 0005 |[0006 |0007 |[0009 |0010 |0011 |0012 |0013 |0014 |0015 |0016
Anti-image | VARO
497 |-,082 |-121 |-,104 |,148 |-129 |-,003 |-,109 |,000 |,057 |-,013 |-,040 |-,005
Covariance | 0002
VARO
-,082 |,597 |-,043 |-091 |-051 |-039 |-006 |-084 |-085 |-052 |-005 |,037 |,047
0003
VARO
-,121 |-,043 |,471 |-098 |-167 |-049 |,045 |,170 |,014 |,022 |-081 |,060 |-,184
0005
VARO
-,104 |-,091 |-098 |,509 |-,066 |-005 |-016 |(-124 |,078 |-061 |,063 |-,094 |,074
0006
VARO
, 148 |-,051 |-,167 |-,066 |,531 |-,018 |-,014 |-,050 |-,042 |,049 |-,024 |-,046 |-,108
0007
VARO
-,129 |(-,039 |-,049 |-005 |-018 |,483 |-114 |(-114 |-,064 |-043 |,053 |-,032 |,073
0009
VARO
-,003 |-,006 |,045 |-016 |-014 |-114 |,418 |,062 |-085 |-031 |-175 |,035 |-,116
0010
VARO
-,109 |-,084 |,170 |-124 |-050 |-114 |,062 |,472 |-,006 |-031 |-,098 |,073 |-141
0011
VARO
,000 |-,085 |,014 |,078 |-,042 |-,064 |-085 |-006 |,529 |-,081 |-013 |-,101 |,031
0012
VARO
,057 |-,052 |,022 |-061 |,049 |-,043 |-031 |-031 |-081 |,440 |-,013 |-,146 |-,065
0013
VARO
-,013 |-,005 |-081 |,063 |-024 |,0563 |-175 |-,098 |-,013 |-013 |,367 |-,136 |,029
0014
VARO
-,040 |,037 |,060 |-,094 |-046 |-032 |,035 |,073 |-101 |-,146 |-136 |,356 |-,046
0015
VARO
-,005 |,047 |-184 |,074 |-108 |,073 |-116 |-,141 |,031 |-,065 |,029 |-,046 |,465
0016
Anti-image | VARO
,83%* |-,150 |-,250 |-,207 |,288 |-,263 |-,006 |-,224 |,001 |,122 |-,030 |-,095 |-,009
Correlation | 0002
VARO
-,150 |,928¢ |-,082 |-,166 |-,091 |-073 |-012 |-159 |-151 |-,102 |-,010 |,080 |,089
0003
VARO
-250 |-,082 |,71¢* |-,201 |-334 |-103 |,102 |,361 |,029 |,047 |-195 |,146 |-,393
0005
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VARO

-,207 |-166 |-201 |,858 |-,127 |-011 |-034 |-252 |,150 |(-,130 |,145 |-221 |,151
0006
VARO

,288 |-,091 |-334 |-,127 |,84% |-036 |-,030 |-099 |-080 |,102 |-054 |-107 |-216
0007
VARO

-,263 |-073 |-103 |-011 |-036 |,893 |-254 |-238 |-126 (-094 |,126 |-077 |,155
0009
VARO

-,006 |-012 |,102 |-034 |-030 |-254 |,858 |,141 |-181 |-071 |-446 |,091 |-,263
0010
VARO

-,224 |-159 |,361 |-252 |-099 |-238 |,141 |,784 |-012 |-068 |-236 |,178 |-,300
0011
VARO

,001 |-,151 |,029 |,150 |-080 |-126 |-181 |-012 |,916" |-169 |-028 |-234 |,062
0012
VARO

122 |-,102 |,047 |-130 |,102 |-094 |-071 |-068 |-169 |,90%8 |-032 |-370 |-,143
0013
VARO

-,030 |-,010 |-,195 |,145 |-,054 |,126 |-446 |-236 |-028 |-032 |,849 |-377 |,070
0014
VARO

-095 |,080 |,146 |-221 |-107 |-077 |,091 |,178 |-234 |-370 |-377 |,847 |-114
0015
VARO

-,009 |,089 |-393 |,151 |-216 |,155 |-263 |-300 |,062 |-143 |, 070 |-114 |,812
0016

a. Measures of Sampling Adequacy(MSA)

Communalities

Initial Extraction
VARO00002 ,503 574
VARO00003 ,403 ,440
VARO00005 ,529 ,672
VARO00006 ,491 ,507
VARO00007 ,469 ,504
VARO00009 ,517 ,544
VAR00010 ,582 ,565
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VARO00011 ,528 JAT5
VARO00012 ATl ,510
VARO00013 ,560 ,584
VARO00014 ,633 ,631
VARO00015 ,644 ,647
VARO00016 ,535 ,544

ExtractionMethod: Principal Axis Factoring.

Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of | Cumulative % of | Cumulative % of | Cumulative

Factor | Total Variance % Total Variance % Total Variance %

1 5,894 |45,340 45,340 5,452 41,940 41,940 2,899 22,300 22,300
2 1,375 |10,578 55,919 ,916 7,048 48,988 2,482 19,089 41,389
3 1,237 |9,513 65,432 ,828 6,372 55,360 1,816 13,971 55,360
4 ,687 5,287 70,719

5 ,660 5,078 75,796

6 ,626 4,813 80,609

7 497 3,824 84,433

8 ,482 3,709 88,142

9 424 3,265 91,407

10 ,365 2,811 94,218

11 ,306 2,358 96,575

12 ,268 2,062 98,638

13 177 1,362 100,000

Extraction Method: Principal AxiBactoring.
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Scree Plot

Eigenvalue
q

Factor Number

Reproduced Correlations

VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO
0002 | 0003 | 0005 |[0006 |0007 |0009 [0010 |0011 |0012 |[0013 |0014 |0015 |0016
Reproduced | VARO
574 |,490 |,312 |,530 |,241 |,520 |,303 |,504 |,290 |,353 |,315 |,341 |,264
Correlation 0002
VARO
490 | ,440¢ |,305 |,467 |,273 |,480 |,353 |,454 |,333 |,387 |,369 |,388 |,300
0003
VARO
312 |,305 |,672 |,374 |,544 |,276 |,338 |,268 |,189 |,234 |,366 |,282 |,544
0005
VARO
,530 |,467 |,374 |,507 |,310 |,496 |,347 |,475 |,312 |,371 |,364 |,373 |,333
0006
VARO
241 | ,273 |,544 |,310 |,504 |,282 |,418 |,253 |,299 |,335 |,449 |,388 |,521
0007
VARO
,520 |,480 |,276 |,496 |,282 |,544 |,432 |,505 |,426 |,482 |,451 |,484 |,320
0009
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VARO
,303 |,353 |,338 |,347 |,418 |,432 |,56% |,370 |,517 |,555 |,597 |,597 |,465

0010

VARO
,504 |,454 |,268 |,475 |,253 |,505 |,370 |,47% |,363 |,418 |,386 |,416 |,284

0011

VARO
,290 |,333 |,189 |,312 |[,299 |,426 |,517 |,363 |,510" |,543 |,543 |,571 |,350

0012

VARO
353 |,387 |,234 |,371 |[,335 |,482 |,555 |,418 |,543 |,584 |,583 |,611 |,388

0013

VARO
315 |,369 |,366 |,364 |,449 |,451 |,597 |,386 |,543 |,583 |,63F |,628 |,498

0014

VARO
341 |,388 |,282 |,373 |[,388 |,484 |,597 |,416 |,571 |.,611 |,628 |.647 |,443

0015

VARO
,264 |,300 |,544 |,333 |[,521 |,320 |,465 |,284 |,350 |,388 |,498 |,443 |,544

0016

Residudl VARO
-,023 |,054 |-012 |-096 |,031 |,022 |-,003 |-005 |-045 |,036 |,019 [,010

0002

VARO
-,023 ,007 |,018 |,041 |-013 |-,009 |,017 |,056 |,012 |-013 |-040 |-,041

0003

VARO
,054 | ,007 ,009 |-,005 |,024 |-014 |-112 |,018 |,001 |,016 |,001 |-,001

0005

VARO
-,012 |,018 |,009 ,043 |-,043 |-039 |,021 |-052 |,055 |-033 |,077 |-045

0006

VARO
-,096 |,041 |-,005 |,043 ,007 |-,028 |,038 |,026 |-,023 |-021 [,008 |,014

0007

VARO
,031 |-,013 |,024 |-,043 |,007 ,066 |,013 |,037 |-016 |-,036 |-028 |-,032

0009

VARO
,022 |-,009 |-014 |-039 |-,028 |,066 -,020 |,013 |-,044 |,083 |-073 |,037

0010

VARO
-,003 |,017 |-112 |,021 |,038 |,013 |-,020 -,034 |-,004 |,039 |-,060 |,103

0011

VARO
-,005 |,056 |,018 |-,052 |,026 |,037 |,013 |-,034 ,006 |-,033 |,009 |-,036

0012

VARO
-,045 |,012 |,001 |,055 |-,023 |-016 |-,044 |-004 |,006 -,044 |,069 |,033

0013
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VARO

,036 |-,013 |,016 |-033 |-021 (-036 |,083 |,039 |-,033 |-044 ,028 | -,026
0014
VARO

,019 |-,040 |,001 |,077 |,008 |-028 |-073 |-060 [,009 |,069 |,028 -,013
0015
VARO

,010 |-,041 |-001 |-045 |,014 |-032 |,037 |,103 |-036 |,033 |[-026 |-013
0016

Extraction Method: Principal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 13 (16,0%) nonredundant residuale

values greater than 0.05.

Rotated Factor Matrix?

Factor

1 2 3
VAR00002 729
VAR00003 ,585
VAR00005 776
VAR00006 ,636
VARO00007 ,629
VAR00009 611

VAR00010 ,647

VARO00011 ,607

VARO00012 ,661

VARO00013 ,679

VAR00014 ,679

VAR00015 ,723

VARO00016 ,618

Extraction Method: Principal Axis Factoring.

Rotation Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 5 iterations.
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G. RISK MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VARO0000 | VAROOOO | VAROOOO | VAROOOO | VAROOOO | VARO0000 |VARO000 | VAROOOO
1 2 3 4 5 6 7 8
Correlation | VAR0O00O
1,000 ,512 ,550 ,582 ,360 ,436 ,420 476
1
VARO0000
,512 1,000 ,202 ,491 ,143 ,270 ,192 ,465
2
VARO0000
,550 ,202 1,000 ,453 ,530 ,511 ,545 ,395
3
VARO0000
,582 ,491 ,453 1,000 ,370 ,348 ,402 447
4
VARO0000
,360 ,143 ,530 ,370 1,000 ,484 ,483 ,352
5
VARO0000
,436 ,270 511 ,348 ,484 1,000 ,559 ,308
6
VARO0000
,420 ,192 ,545 ,402 ,483 ,559 1,000 ,324
7
VARO0000
AT6 ,465 ,395 447 ,352 ,308 ,324 1,000
8
Sig. (Z-tailed) | VAROO0O
,000 ,000 ,000 ,000 ,000 ,000 ,000
1
VARO0000
,000 ,021 ,000 ,076 ,003 ,026 ,000
2
VARO0000
,000 ,021 ,000 ,000 ,000 ,000 ,000
3
VARO0000
,000 ,000 ,000 ,000 ,000 ,000 ,000
4
VARO0000
,000 ,076 ,000 ,000 ,000 ,000 ,000
5
VARO0000
,000 ,003 ,000 ,000 ,000 ,000 ,001
6
VARO0000
,000 ,026 ,000 ,000 ,000 ,000 ,000
7
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VARO0000

,000 ,000 ,000 ,000 ,000 ,001 ,000
8

a. Determinant = ,047
KMO and Bartlett's Test
KaiserMeyerOlkin Measure of Sampling Adequacy. ,858
Bartlett's Test of Sphericity Approx. ChiSquare 297,375

df 28

Sig. ,000

Anti -image Matrices

VARO0000 | VAR0O00O | VAR0000 | VAR0O00O | VAR000O | VAROO0OO | VARO0O0O | VAR0000
1 2 3 4 5 6 7 8
Anti-image VARO0000
471 -,156 -,143 -,129 ,011 -,050 -,025 -,064
Covariance 1

VARO0000

-,156 ,596 ,093 -,155 ,066 -,074 ,037 -,178
2
VARO0000

-,143 ,093 ,489 -,058 -,127 -,085 -,108 -,061
3
VARO0000

-,129 -,155 -,058 ,549 -,064 ,027 -,067 -,056
4
VARO0000

,011 ,066 -,127 -,064 ,612 -,126 -,088 -,001
5
VARO0000

-,050 -,074 -,085 ,027 -,126 ,575 -,182 ,016
6
VARO0000

-,025 ,037 -,108 -,067 -,088 -,182 ,562 -,025
7
VARO0000

-,064 -,178 -,061 -,056 -,001 ,016 -,025 ,644
8
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Anti-image

Correlation

VARO0000

,860" -,294 -,298 -,254 ,021 -,097 -,048 -,115
1
VAR0000

-,294 , 745 172 -,271 , 109 -,126 ,064 -,287
2
VAR0000

-,298 172 ,854 -,112 -,232 -,160 -,205 -,109
3
VARO0000

-,254 -271 -,112 ,882 5111 ,047 -,120 -,094
4
VAR0000

,021 ,109 -,232 -,111 874 -,212 -,151 -,145
5
VAR0000

-,097 -,126 -,160 ,047 5,212 ,865 -,320 ,026
6
VAR0000

-,048 ,064 -,205 -,120 -, 151 -,320 874 -,041
2
VAR0000

-, 115 -,287 -,109 -,094 -,145 ,026 -,041 889
8

a. Measuresf Sampling Adequacy(MSA)

Communalities

Initial Extraction
VARO00001 ,529 ,605
VARO00002 ,404 ,626
VARO00003 ,511 ,600
VARO00004 ,451 ,519
VARO00005 ,388 470
VARO00006 425 JAT79
VARO00007 ,438 ,5637
VAR00008 ,356 ,403

Extraction Method: Principaixis Factoring.
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Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings| Rotation Sums of Squared Loadings
% of | Cumulative % of | Cumulative % of | Cumulative
Factor | Total Variance % Total Variance % Total Variance %
1 3,931 49,133 49,133 3,464 43,296 43,296 2,325 29,062 29,062
2 1,218 |15,228 64,361 74 9,677 52,973 1,913 23,911 52,973
3 ,621 7,766 72,127
4 574 7,172 79,299
5 ,495 6,190 85,489
6 467 5,835 91,325
7 ,367 4,589 95,913
8 ,327 4,087 100,000

Extraction Method: Principal Axis Factoring.

Scree Plot
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Reproduced Correlations

VARO0000 | VAR000O | VARO000 | VAR000O | VAR0000 | VAR0O000 | VAR000O | VAR0O0O00
1 2 3 4 5 6 7 8
Reproduced VARO000
,605 ,523 497 ,559 ,399 ,440 ,438 ,492
Correlation 1
VARO0000
,523 626 ,246 ,497 ,156 ,215 ,184 ,445
2
VARO0000
497 ,246 ,600 ,446 527 ,536 ,566 ,384
3
VARO0000
,559 497 ,446 519 ,355 ,395 ,391 457
4
VARO0000
,399 ,156 527 ,355 ATQ AT1 ,502 ,304
5
VARO0000
,440 ,215 ,536 ,395 AT1 AT ,506 ,340
6
VARO0000
,438 ,184 ,566 ,391 ,502 ,506 537 ,335
7
VARO0000
,492 ,445 ,384 457 ,304 ,340 ,335 403
8
Residudl VARO0000
-,011 ,054 ,023 -,039 -,005 -,018 -,016
1
VARO0000
-,011 -,045 -,006 -,013 ,055 ,009 ,020
2
VARO0000
,054 -,045 ,008 ,003 -,025 -,020 ,010
3
VARO0000
,023 -,006 ,008 ,015 -,046 ,011 -,010
4
VARO0000
-,039 -,013 ,003 ,015 ,012 -,020 ,048
5
VARO0000
-,005 ,055 -,025 -,046 ,012 ,053 -,033
6
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VARO0000
-,018 ,009 -,020 ,011 -,020 ,053 -,011
7
VARO0000
-,016 ,020 ,010 -,010 ,048 -,033 -,011
8

Extraction Method: Principal Axis Factoring.
a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 3 (10,0%) nonredundant residuate

values greater than 0.05.

Rotated Factor Matrix @

Factor

1 2
VAR00001 ,440 ,641
VAR00002 ,790

VARO00003 723

VAR00004 ,611

VARO00005 ,665

VAR00006 ,648

VARO00007 ,705

VARO00008 ,548

Extraction Method: Principal Axis Factoring

Rotation Method: Varimax with Kaise

Normalization?

a. Rotation converged in 3 iterations.
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H. SCOPE MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VARO |VARO |[VARO |VARO |VARO |VARO |VARO |VARO |[VARO |[VARO |VARO |VARO
0001 |[0002 |0003 |0004 |0006 |0007 |0008 |[0009 |0010 |0OO11 |0012 (0013

Correlati | VARO
1,000 |,366 517 ,583 ,251 ,202 ,502 ,276 ,455 ,443 ,218 ,047

on 0001

VARO
,366 1,000 |,513 ,408 ,197 ,181 ,496 ,151 ,309 ,310 ,337 ,093

0002

VARO
517 ,513 1,000 |,690 ,232 ,175 ,548 ,390 ,488 ,459 ,291 ,216

0003

VARO
,583 ,408 ,690 1,000 |,114 ,119 ,657 ,503 ,579 ,557 ,178 ,312

0004

VARO
,251 , 197 ,232 114 1,000 |,611 ,080 ,072 ,129 ,114 ,413 , 193

0006

VARO
,202 ,181 ,175 ,119 ,611 1,000 |,031 214 ,046 ,092 ,582 ,116

0007

VARO
,502 ,496 ,548 ,657 ,080 ,031 1,000 |,342 ,483 ,538 ,216 275

0008

VARO
276 ,151 ,390 ,503 ,072 214 ,342 1,000 |,389 ,364 ,319 ,549

0009

VARO
,455 ,309 ,488 ,579 ,129 ,046 ,483 ,389 1,000 |,618 ,133 ,241

0010

VARO
,443 ,310 ,459 ,557 114 ,092 ,538 ,364 ,618 1,000 |,220 ,365

0011

VARO
,218 337 ,291 ,178 413 ,582 ,216 ,319 ,133 ,220 1,000 |,206

0012

VARO
,047 ,093 ,216 312 ,193 ,116 275 ,549 241 ,365 ,206 1,000

0013

Sig. (% | VARO
,000 ,000 ,000 ,005 ,021 ,000 ,003 ,000 ,000 ,014 ,319

tailed) 0001

VARO
,000 ,000 ,000 ,024 ,034 ,000 ,065 ,001 ,001 ,000 , 176

0002

VARO
,000 ,000 ,000 ,010 ,039 ,000 ,000 ,000 ,000 ,002 ,015

0003
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VARO
,000 ,000 ,000 127 117 ,000 ,000 ,000 ,000 ,036 ,001
0004
VARO
,005 ,024 ,010 127 ,000 ,213 ,236 ,097 ,128 ,000 ,026
0006
VARO
,021 ,034 ,039 117 ,000 ,378 ,015 ,324 ,180 ,000 124
0007
VARO
,000 ,000 ,000 ,000 ,213 ,378 ,000 ,000 ,000 ,015 ,003
0008
VARO
,003 ,065 ,000 ,000 ,236 ,015 ,000 ,000 ,000 ,001 ,000
0009
VARO
,000 ,001 ,000 ,000 ,097 ,324 ,000 ,000 ,000 ,001 ,007
0010
VARO
,000 ,001 ,000 ,000 ,128 ,180 ,000 ,000 ,000 ,013 ,000
0011
VARO
,014 ,000 ,002 ,036 ,000 ,000 ,015 ,001 ,091 ,013 ,019
0012
VARO
,319 ,176 ,015 ,001 ,026 124 ,003 ,000 ,007 ,000 ,019
0013
a. Determinant = ,004
KMO and Bartlett's Test
KaiserMeyerOlkin Measure oSampling Adequacy. ,809
Bartlett's Test of Sphericity Approx. ChiSquare 520,855
df 66
Sig. ,000
Anti -image Matrices
VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO
0001 |0002 |[0003 |[0004 |0006 |0O0OO7 (0008 |0009 (0010 (0011 |0012 |O0013
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Anti-image VARO
,532 |-,015 |-,036 |-,098 |-097 |-015 |-073 |-037 |-036 |-,067 |,006 ,149

Covariance 0001

VARO
-015 |,616 |-134 |-001 |-003 |-010 |-141 |,074 |-021 |,013 |-116 |,016

0002

VARO
-036 |-134 |,427 |-142 |-065 |,032 |-015 |-040 |-029 |-011 |-042 |,032

0003

VARO
-098 |-001 |-242 |,316 |,037 |-035 |-111 |-083 |-059 |-032 |,067 |-,027

0004

VARO
-,097 |-,003 |-,065 |[,037 531 |-,253 |,021 |,131 |-062 |,045 |-040 |-,156

0006

VARO
-015 |-010 |,032 |-035 |-253 |,461 |,059 |-076 |,049 |-011 |-211 |,063

0007

VARO
-073 |-141 |-015 |-111 |,021 |,059 |,448 |,016 |-011 |-,076 |-,044 |-052

0008

VARO
-037 |,074 |-040 |-083 |,131 |-076 |,016 |,489 |-083 |,045 |-105 |-,256

0009

VARO
-036 |-021 |-029 |-059 |-062 |,049 |-011 |-083 |,505 |-,198 |,035 ,048

0010

VARO
-,067 |,013 |-011 |-032 |,045 |-011 |-076 |,045 |-198 |,486 |-,049 |-,130

0011

VARO
,006 |-,116 |-,042 |,067 |-,040 |-,211 |-044 |-105 |,035 |[-049 |,548 |-,001

0012

VARO
,149 ,016 |,032 |-027 |-156 |,063 |-,052 |-256 |,048 |[-130 |-001 |,570

0013

Anti-image VARO
,88¢¢ |-,026 |-,076 |-239 |-182 |-031 |-151 |-072 |-070 |-132 |,011 ,270

Correlation 0001

VARO
-,026 |,85# |-262 |-002 |-005 |[-018 |-269 |,135 |-038 |,024 |-199 |,027

0002

VARO
-076 |-262 |,886¢ |-388 |-137 |,071 |-033 |-087 |-062 |-025 |-087 |,064

0003

VARO
-239 |-002 |-388 |,856¢¢ |,091 |-092 |-296 |-210 |-,148 |-081 |,161 |-,064

0004

VARO
-,182 |-005 |-137 |[,091 614 |-512 |,042 |,257 |-119 |,088 |-073 |-283

0006
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VARO

-031 |-018 |, 071 |-092 |-512 |,634 |,130 |-160 |,102 |[-023 |-420 |,123
0007
VARO

-151 |-269 |-033 |-29 |,042 |,130 |,889 |,034 |-024 |-163 |-089 |-102
0008
VARO

-072 |,135 |-087 |-210 |,257 |-160 |,034 |,739 |-166 |,093 |-202 |-484
0009
VARO

-070 |-038 |-062 |-148 |-119 |,102 |-024 |-166 |,87%® |-400 |,066 |,089
0010
VARO

-,132 |,024 |-025 |-081 |,088 |-023 |-163 |,093 |[-400 |,859 |-094 |-248
0011
VARO

,011 |-199 |-087 |,161 |-073 |-420 |-089 |-202 |,066 |-094 |,767 |-,002
0012
VARO

,270 |,027 |,064 |-064 |-283 |,123 |-102 |-484 |,089 |-248 |-002 |,624
0013

a. Measures of Sampling Adequacy(MSA)

Communalities

Initial Extraction
VARO00001 ,468 ,502
VARO00002 ,384 ,365
VARO00003 ,573 ,600
VARO00004 ,684 737
VAR00006 ,469 443
VARO00007 ,539 ,808
VARO00008 ,552 ,589
VARO00009 ,511 ,553
VARO00010 ,495 ,485
VARO00011 514 ,500
VAR00012 ,452 ,465
VAR00013 ,430 ,599

Extraction Method: Principal AxiBactoring.
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Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of | Cumulative % of | Cumulative % of | Cumulative

Factor| Total Variance % Total Variance % Total Variance %

1 4,749 39,573 39,573 4,310 35,919 35,919 3,452 28,771 28,771
2 1,888 |15,733 55,306 1,505 12,539 48,458 1,803 15,025 43,796
3 1,281 |10,675 65,980 ,830 6,919 55,377 1,390 11,581 55,377
4 ,789 6,578 72,558

5 ,652 5,432 77,990

6 ,595 4,957 82,947

7 ,485 4,044 86,991

8 ,394 3,286 90,277

9 ,362 3,015 93,291

10 ,341 2,844 96,136

11 247 2,061 98,197

12 ,216 1,803 100,000

Extraction Method: Principal Axis Factoring.
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Scree Plot
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1 2 3 4 5 G 7 g 9 10 11 12
Factor Number
Reproduced Correlations
VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO | VARO
0001 |0002 |0003 |0004 |0006 |0007 |0008 |0009 |0010 |0011 |0012 |0013
Reproduced | VARO
,502 |,424 |,538 |,553 |[,206 |[,192 |,507 |,243 |,436 |,425 |,252 |,095
Correlation 0001
VARO
424 | 365 |,449 |,445 |,217 |,224 |,409 |,192 |,349 |,341 |,250 |,065
0002
VARO
,638 |,449 |00 |,642 |,218 |,203 |,577 |,360 |,512 |,512 |,289 |,216
0003
VARO
553 |,445 |.642 |,73® |(,131 |,079 |,655 |,460 |,597 |,600 |,232 |,324
0004
VARO
,206 ,217 ,218 ,131 443 | 592 ,105 ,160 ,087 ,113 442 117
0006
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VARO

,192 | ,224 |,203 |,079 |,592 |,808 |,049 |,187 |,039 |,079 |[,582 |,156

0007

VARO
,507 |,409 |,577 |,655 |,105 |,049 |,58% |,369 |,529 |,525 |[,187 |,236

0008

VARO
243 |,192 |,360 |,460 |,160 |,187 |,369 |,553 |,383 |,429 |[,269 |,549

0009

VARO
436 |,349 |,512 |,597 |,087 |,039 |,529 |,383 |,48% |,489 |[,172 |,278

0010

VARO
425 |,341 |,512 |,600 |,113 |,079 |,525 |,429 |,489 |,500" |[,205 |,337

0011

VARO
252 | ,250 |,289 |,232 |,442 |,582 |,187 |,269 |,172 |,205 |,46% |,225

0012

VARO
,095 |,065 |,216 |,324 |,17 |,156 |,236 |,549 |,278 |,337 |[,225 |,599

0013

Residudl VARO
-,059 |[-021 |,031 |,045 |,009 |-005 |,033 |,019 |,018 |[-034 |-,048

0001

VARO
-,059 ,063 |-038 |-021 |-,042 |,087 |-040 |-039 |-030 |,087 |,028

0002

VARO
-,021 |,063 ,048 |,014 |-028 |-030 |,030 |[-024 |-053 |,002 |,000

0003

VARO
,031 |-,038 |,048 -018 |,040 |,002 |,042 |-017 |-,043 |-054 |-012

0004

VARO
,045 |-021 |,014 |-018 ,019 |-025 [-088 |,042 |,001 |[-029 |,076

0006

VARO
,009 |-042 |-028 |,040 |,019 -,018 |[,027 |,007 |,013 |[,000 |-,041

0007

VARO
-,005 |,087 |-030 [,002 |-025 |-018 -,027 |-046 |,012 |,028 |[,039

0008

VARO
,033 |-,040 |,030 |,042 |-088 |,027 |-,027 ,007 |-,066 |[,051 |,001

0009

VARO
,019 |-,039 |[-024 |-017 |,042 |,007 |-046 |,007 129 |-,039 |[-,037

0010

VARO
,018 |-,030 |-053 |-,043 |,001 |,013 |,012 |-066 |,129 ,015 | ,029

0011
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VARO

-034 |,087 |,002 |-054 |-029 |,000 |,028 |[,051 |-,039 |,015 -,018
0012
VARO

-,048 |,028 |,000 |-012 |,076 |-041 |,039 |,001 |-037 |,029 |-018
0013

Extraction Method: Principal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 1hdi&aesidant residuals with absoli

values greater than 0.05.

Rotated Factor Matrix?

Factor

VAR00001 ,680

VAR00002 ,554

VARO00003 7134

VAR00004 ,802

VAR00006 ,655

VARO00007 ,896

VAR00008 , 741

VARO00009 ,655

VARO00010 ,641

VAR00011 ,614

VARO00012 ,631

VAR00013 ,758

Extraction Method: Principal Axis Factoring.
Rotation Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 5 iterations.

304



INTEGRATION MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VAR |VAR |VAR |VAR (VAR |VAR |VAR |[VAR |VAR |VAR |VAR (VAR |VAR |VAR
00001| 00002| 00003| 00004| 00005| 00006 | 00007 | 00008| 00009| 00010| 00011| 00012| 00013| 00014
Correla | VAR
1,000 | ,551 |,423 |,444 |,152 |,304 |,543 |,235 |,291 |,107 |,230 |,388 |,531 |,432
tion 00001
VAR
,551 | 1,000 |,525 |,493 |,273 |,435 |,618 |,221 |[,302 |,128 |,209 |,272 |,374 |,350
00002
VAR
423 |,525 |1,000|,506 |,359 |,476 |,531 |,431 |,432 |,366 |,287 |,174 |,382 |,321
00003
VAR
444 | ,493 |,506 |1,000|,306 |,383 |,618 |,176 |,328 |,139 |,186 |,284 |,548 |,442
00004
VAR
, 152 |,273 |,359 |,306 |1,000|,452 |,369 |,480 |,469 |,440 |,076 |,221 |,187 |,180
00005
VAR
,304 |,435 |,476 |,383 |,452 |1,000]|,366 |,498 |,626 |,510 |,102 |,221 |,417 |,214
00006
VAR
,543 |,618 |,531 |,618 |,369 |,366 |1,000|,291 |,400 |(,372 |,189 |,273 |,561 |,487
00007
VAR
235 |,221 |,431 |,176 |,480 |,498 |,291 |1,000 |,623 |,603 |,040 |,161 |,342 |,297
00008
VAR
291 |,302 |,432 |,328 |,469 |,626 |,400 |,623 |1,000 |,573 |,153 |,240 |,447 |,350
00009
VAR
, 107 |,128 |,366 |,139 |,440 |,510 |,372 |,603 |,573 |1,000|,193 |,235 |,409 |,223
00010
VAR
,230 |,209 |,287 |,186 |,076 |,102 |,189 |,040 |,153 |,193 |1,000 |,453 |,149 |,023
00011
VAR
,388 | ,272 |,174 |,284 |,221 |,221 |,273 |,161 |,240 |,235 |,453 |[1,000|,204 |,140
00012
VAR
531 |,374 |,382 |,548 |,187 |,417 |,561 |,342 |,447 |,409 |,149 |,204 |1,000 |,441
00013
VAR
432 |,350 |,321 |.,442 |,180 |,214 |,487 |,297 |,350 |,223 |,023 |,140 |,441 |1,000
00014
Sig. (| VAR
,000 |,000 |,000 |,064 |(,001 |,000 |,009 |,002 |,143 |,010 |,000 |,000 |,000
tailed) [00001
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VAR
,000 ,000 |(,000 |(,003 |,000 |,000 |,013 |,001 |,099 |,018 |,003 |[,000 |,000
00002
VAR
,000 |,000 ,000 |(,000 |[,000 |,000 |,000 |,000 |,000 |,002 |(,040 |[,000 |,001
00003
VAR
,000 |,000 |,000 ,001 |,000 |,000 |,038 |,000 |,082 |,031 |,002 |,000 |,000
00004
VAR
,064 |,003 |,000 [,001 ,000 |,000 |,000 |,000 |,000 |,223 |,013 |,030 |[,035
00005
VAR
,001 |,000 |,000 |,000 {,000 ,000 |,000 |,000 |,000 |,153 |,013 |,000 |[,015
00006
VAR
,000 |,000 |,000 |,000 |,000 |,000 ,002 |,000 |,000 |,029 |,003 |,000 [,000
00007
VAR
,009 |,013 |,000 |,038 |,000 |,000 |,002 ,000 |,000 |,347 |,053 |,000 |,001
00008
VAR
,002 |,001 |,000 |[,000 |,000 |,000 |,000 |,000 ,000 |,063 |,008 |,000 |,000
00009
VAR
,143 |,099 |,000 |,082 |,000 |,000 |,000 |,000 |,000 ,026 |,009 |[,000 |,012
00010
VAR
,010 |,018 |,002 |,031 |,223 |,153 |,029 |,347 |,063 |,026 ,000 |,068 |,409
00011
VAR
,000 |,003 |,040 |,002 |,013 |,013 |,003 |,053 |,008 |,009 |,000 ,020 |,080
00012
VAR
,000 |,000 |,000 |,000 |,030 |,000 |,000 |,000 |,000 |,000 |[,068 |,020 ,000
00013
VAR
,000 |,000 |,001 |,000 |,035 |,015 |,000 |,001 |,000 |,012 |,409 |,080 |,000
00014
a. Determinant = ,001
KMO and Bartlett's Test
KaiserMeyerOlkin Measure of Sampling Adequacy. ,828
Bartlett's Test of Sphericity Approx. ChiSquare 629,520
df 91
Sig. ,000
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Anti -image Matrices

VAR |[VAR |VAR |VAR (VAR |VAR |[VAR |VAR |VAR |VAR |VAR (VAR |VAR |VAR
0000 | 0000 | 0000 | 0000 | 0000 | 0000 0000 | OOOO | 0000 | 0001 | OO01 |0001 | 0001 | 0001

Anti-image | VAR
Covariance | 0000 |,450 |-,084 (-,065 |,060 |,031 |-022 |-070 |-,043|,007 |,121 |-019 |-,163 |-,152 |-,092

VAR
0000 |-,084 |,450 |-,089 |,007 |-011 |-129 |-147 |-003 |,023 |,096 |-034 |-027 |,025 |-,023

VAR
0000 |-,065 |-,089 | 477 |-117 |-,004 |-047 |-037 |-,096 |-001 |-048 |-143 |,124 |,059 |,013

VAR
0000 |,060 |,007 |-117 |,417 |-,080 |-070 |-110 |,050 |,002 |,128 |-,008 |-,093 |-,149 |-,098

VAR
0000 |,031 |-,011 |-,004 |-,080 |,605 |-058 |-068 |-109 |-056 |-061 [,042 |-051 |,108 |,042

VAR
0000 |-,022 |-,129 |-,047 |-,070 |-,058 | ,440 |,079 |-,008 |-,143 |-102 |,074 |-003 |-031 |,085

VAR
0ooo |-,070 |-,147 |-,037 |-110 |-,068 |,079 |,351 |,053 |-,013|-112 |{,028 |,016 |-,049 |-,061

VAR
0000 |-,043 |-,003 |-,096 |,050 |-,109 |-,008 |,053 |,445 |-,125 |-,124 |,086 |-,006 |-,016 |-,057

VAR
0000 |,007 |,023 |-001 |,002 |-056 |-143 |-013 |-125 |,422 |-,041 |-041 |-,015 |-,042 |-,074

VAR
ooo1 |,121 |,096 |-,048 |,128 |-061 |-102 |-112 |-124 |-041 |,387 |-077 |-,080 |-118 |-,024

307




VAR
ooo1 |-,019 |-034 |-,143 |-,008 |,042 |,074 |,028 |,086 |-041|-077 |,692 |-257 |-,006 |,077

VAR
ooo1 |-,163 |-,027 |,124 |-,093 |-,051 |-,003 |,016 |-,006 |-015 |-080 |-257 |,629 |,074 |,028

VAR
ooo1 |-,152 |,025 |,059 |-,149 |,108 |-,031 |-049 |-016 |-,042 |-118 |-,006 |,074 |,439 |-,030

VAR
ooo1 |-,092 |-023 |,013 |-,098 |,042 |,085 |-061 |-057 |-074|-024 |,077 |,028 |-,030 |,633

Anti-image | VAR
Correlation | 0000 |,81* |-,187 |-139 |,139 |,059 |-050 |-177 |-096 |,017 |,291 |-033 |-307 |-342 |-172

VAR
0000 |-,187 | ,848 |-192 |,017 |-022|-290 |-370 |-006 |,052 |,231 |-061 |-052 |,055 |-,044

VAR
0000 |-,139 |-,192 |,87C |-,263 |-,008 |-,103 |-,092 |-,209 |-,003 |-112 |-249 |,227 |,130 |,024

VAR
0000 |,139 |,017 |-263 |,798 |-,159 |-,163 |-,287 |,116 |,004 |,318 |-014 |-182 |-349 |-191

VAR
0000 |,059 |-,022|-008 |-159 |,879 |-113 |-148 |-210 |-111 |-127 [,065 |-,082 |,209 |,069

VAR
0000 |-,050 |-,290 |-,1083 |-,163 |-,113 |,845 |,201 |-,018 |-,333 |-,248 |,134 |-,007 |-,070 |,160

VAR
0000 |-,177 |-,370 |-,092 |-,287 |-,148 |,201 |,85C" |,135 |-,034 |-,305 |,057 |,033 |-126 |-,130

VAR
0000 |-,096 |-,006 |-,209 |,116 |-210|-018 |,135 |,846" |-,289 |-,298 |,156 |-,010 |-,035 |-,108
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VAR
0000 |,017

,052

-,003

,004

-111

-,333

-,034

-,289

907

-,103

-,076

-,030

-,097

-,143

VAR
0001 |,291

,231

-,112

,318

-,127

-,248

-,305

-,298

-,103

,73F

-,148

-,163

-,285

-,049

VAR
0001 |-,033

-,061

-,249

-,014

,065

134

,057

,156

-,076

-,148

,642

-390

-,011

117

VAR
0001 |-,307

-,052

227

-,182

-,082

-,007

,033

-,010

-,030

-,163

-,390

, 700

,142

,045

VAR
0001 |-,342

,055

,130

-,349

,209

-,070

-,126

-,035

-,097

-,285

-,011

,142

,829

-,057

VAR
0001 |-,172

-,044

,024

-,191

,069

,160

-,130

-,108

-,143

-,049

117

,045

-,057

,892

a. Measures of Sampling Adequacy(MSA)

Communalities

Initial Extraction
VARO00001 ,550 ,537
VARO00002 ,550 ,513
VARO00003 ,523 467
VARO00004 ,583 ,557
VARO00005 ,395 ,358
VARO00006 ,560 ,520
VAR00007 ,649 ,667
VAR00008 ,555 ,618
VAR00009 578 ,643
VAR00010 ,613 ,613
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VARO00011 ,308 ,651

VARO00012 371 ,362
VARO00013 ,561 AT74
VARO00014 ,367 ,359

Extraction Method: Principal Axis Factoring.

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings| Rotation Sums of Squared Loadings
% of | Cumulative % of | Cumulative % of | Cumulative
Factor | Total Variance % Total Variance % Total Variance %
1 5,619 |40,135 40,135 5,154 36,813 36,813 3,291 23,504 23,504
2 1,796 |12,825 52,960 1,359 9,705 46,518 2,898 20,702 44,206
3 1,290 |9,216 62,177 ,827 5,908 52,426 1,151 8,220 52,426
4 877 6,266 68,442
5 ,709 5,066 73,509
6 ,657 4,689 78,198
7 ,625 4,464 82,662
8 ,511 3,648 86,310
9 ,453 3,235 89,545
10 ,400 2,860 92,405
11 ,334 2,388 94,793
12 ,310 2,215 97,007
13 ,239 1,710 98,717
14 ,180 1,283 100,000

Extraction Method: Principal Axis Factoring.
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Scree Plot
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1 2 3 4 5 g 7 ] 9 10 11 12 13 14
Factor Number
Reproduced Correlations
VAR | VAR |VAR |VAR |VAR |VAR |VAR |[VAR (VAR |[VAR |VAR |VAR |VAR |VAR
0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 | 0001 | 0001 | 0001 | 0001 | 0001
1 2 3 4 5 6 7 8 9 0 1 2 3 4
Reproduced | VAR
Correlation | 0000 |,537 |,521 |,437 |,538 |,205 |,306 |,576 |,176 |,283 |,158 |,260 |,300 |,459 |,390
1
VAR
0000 |,521 |,513 |,448 |,532 |,236 |,340 |,578 |,226 |,325 |,200 |,223 |,282 |,469 |,399
2
VAR
0000 |,437 |,448 |,467 |,459 |,343 |,444 |,528 |,390 |,464 |,377 |,229 |,288 |,456 |,362
3
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VAR
0000

,538

,532

,459

557

241

,350

,604

234

,333

,195

,180

,261

,492

427

VAR
0000

,205

,236

,343

,241

,358

427

,315

461

AT9

454

,113

,176

,309

224

VAR
0000

,306

,340

444

,350

427

520

,439

,540

574

,523

137

224

415

314

VAR
0000

,576

,578

,528

,604

,315

,439

,667

,332

432

,289

,191

,289

,555

A74

VAR
0000

,176

,226

,390

,234

461

,540

,332

,618

,618

,599

,050

,153

,349

,251

VAR
0000

,283

,325

464

,333

479

574

432

,618

,643

,604

,139

,231

422

,310

VAR
0001

,158

,200

377

,195

454

,523

,289

,599

,604

613

,173

,220

,309

,194

VAR
0001

,260

,223

,229

,180

,113

,137

,191

,050

,139

,173

,65F

,456

,130

,020

VAR
0001

,300

,282

,288

,261

,176

224

,289

,153

,231

,220

,456

,362

,229

,134

VAR
0001

,459

,469

,456

,492

,309

,415

,555

,349

422

,309

,130

,229

ATR

,401

VAR
0001

,390

,399

,362

427

224

314

A74

,251

,310

,194

,020

,134

,401

,359

Residudl

VAR
0000

,029

-,014

-,095

-,054

-,002

-,033

,059

,008

-,051

-,029

,088

,072

,042
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VAR
0000

,029

,078

-,040

,037

,095

,040

-,005

-,023

-,072

-,014

-,010

-,095

-,049

VAR
0000

-,014

,078

,047

,016

,032

,003

,041

-,032

-,011

,059

-,115

-,075

-,041

VAR
0000

-,095

-,040

,047

,065

,033

,014

-,058

-,004

-,056

,005

,022

,056

,015

VAR
0000

-,054

,037

,016

,065

,025

,053

,019

-,011

-,014

-,037

,045

-,122

-,044

VAR
0000

-,002

,095

,032

,033

,025

-,073

-,042

,052

-,013

-,034

-,003

,002

-,100

VAR
0000

-,033

,040

,003

,014

,053

-,073

-,041

-,032

,083

-,002

-,016

,006

,013

VAR
0000

,059

-,005

,041

-,058

,019

-,042

-,041

,005

,004

-,010

,008

-,007

,046

VAR
0000

,008

-,023

-,032

-,004

-,011

,052

-,032

,005

-,032

,013

,009

,024

,041

VAR
0001

-,051

-,072

-,011

-,056

-,014

-,013

,083

,004

-,032

,020

,015

,100

,029

VAR
0001

-,029

-,014

,059

,005

-,037

-,034

-,002

-,010

,013

,020

-,002

,018

,003

VAR
0001

,088

-,010

-,115

,022

,045

-,003

-,016

,008

,009

,015

-,002

-,025

,006

VAR
0001

,072

-,095

-,075

,056

-,122

,002

,006

-,007

,024

,100

,018

-,025

,040
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VAR
0001 |,042 |-,049 |-,041 |,015 |-,044 |-100 |,013 |,046 |,041 |,029 |,003 |,006 |,040

Extraction Method: Principal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 24 (26,0%) nonredundant residuiate

values greater than 0.05.

Rotated Factor Matrix?

Factor

VAR00001 ,687

VAR00002 ,673

VAR00003 517

VAR00004 ,718

VARO00005 ,557

VAR00006 ,631

VARO00007 ,758

VAR00008 ,769
VARO00009 , 743
VARO00010 ,763
VARO00011 ,800
VARO00012 ,533

VARO00013 ,602

VAR00014 ,561

Extraction Method: Principal Axis Factoring.
Rotation Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 5 iterations.
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J. STAKEHOLDERS MANAGEMENT COMPLEXITY AREA

Correlation Matrix @

VAR00001 | VARO0002 | VAR00003 | VAR0O0004 | VARO0OO5 |VARO00006 |VARO0007

Correlation VARO00001 | 1,000 , 784 ,646 ,521 ,233 ,283 ,578
VAR00002 |,784 1,000 ,635 475 ,299 ,304 ,503
VARO00003 | ,646 ,635 1,000 ,570 ,269 ,301 ,602
VAR00004 | ,521 475 ,570 1,000 ,262 ,351 431
VARO00005 |,233 ,299 ,269 ,262 1,000 ,569 ,326
VARO00006 |,283 ,304 ,301 ,351 ,569 1,000 441
VARO00007 |,578 ,503 ,602 431 ,326 441 1,000

Sig. (tailed) | VAR00001 ,000 ,000 ,000 ,009 ,002 ,000
VARO00002 |,000 ,000 ,000 ,001 ,001 ,000
VARO00003 |,000 ,000 ,000 ,003 ,001 ,000
VAR00004 |,000 ,000 ,000 ,004 ,000 ,000
VARO00005 |,009 ,001 ,003 ,004 ,000 ,000
VARO00006 |,002 ,001 ,001 ,000 ,000 ,000
VARO00007 |,000 ,000 ,000 ,000 ,000 ,000

a. Determinant = ,038

KMO and Bartlett's Test

KaiserMeyerOlkin Measure of Sampling Adequacy. ,812

Bartlett's Test of Sphericity Approx. ChiSquare 320,485

df 21
Sig. ,000
Anti -image Matrices
VARO00001 | VAR00002 | VAR00003 | VAR00004 | VAR00005 | VAR00006 | VARO0007
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Anti-image Covarianc§ VAR00001 | ,316 -,202 -,048 -,072 ,033 ,016 -,100
VARO00002 | -,202 347 -,089 -,004 -,060 -,012 ,017
VARO00003 | -,048 -,089 427 -,155 -,016 ,030 -,149
VAR00004 | -,072 -,004 -,155 ,607 -,009 -,099 ,003
VARO00005 | ,033 -,060 -,016 -,009 ,654 -,299 -,024
VARO00006 | ,016 -,012 ,030 -,099 -,299 ,587 -,142
VARO00007 | -,100 ,017 -,149 ,003 -,024 -,142 ,515
Anti-image Correlation VAR00001 | ,786 -,609 -,131 -,165 ,073 ,036 -,249
VARO00002 | -,609 J79F -,231 -,010 -,126 -,027 ,041
VARO00003 | -,131 -,231 861 -,305 -,030 ,061 -,318
VARO00004 | -,165 -,010 -,305 ,890 -,014 -,165 ,005
VARO00005 | ,073 -,126 -,030 -,014 7368 -,482 -,041
VARO00006 | ,036 -,027 ,061 -,165 -,482 J73EF -,258
VAR00007 | -,249 ,041 -,318 ,005 -,041 -,258 ,860"

a. Measures of Samplirddequacy(MSA)

Communalities

Initial Extraction
VARO00001 ,684 775
VAR00002 ,653 ,670
VAR00003 ,573 ,645
VAR00004 ,393 ,405
VARO00005 ,346 377
VARO00006 ,413 ,872
VARO00007 ,485 ,499

Extraction Method: Principal Axis Factoring.
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Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings| Rotation Sums of Squared Loadings
% of | Cumulative % of | Cumulative % of | Cumulative
Factor| Total Variance % Total Variance % Total Variance %
1 3,743 | 53,474 53,474 3,369 48,129 48,129 2,774 39,625 39,625
2 1,184 |16,912 70,387 ,874 12,480 60,610 1,469 20,985 60,610
3 ,596 8,510 78,897
4 ,544 7,765 86,661
5 416 5,941 92,602
6 ,320 4,569 97,172
7 ,198 2,828 100,000
Extraction Method: Principal AxiBactoring.
Scree Plot
4
3-—
@
=
S
c 27
a
o
11}
-
0
T T T T T
1 2 3 4 5 G 7

Factor Number
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Reproduced Correlations

VARO00001 | VAR0O0002 | VAR00003 | VAR00004 | VAR00005 | VAR0O0006 | VAR00007
Reproduced Correlatior] VAR00001 | ,775 ,719 ,703 ,537 ,250 ,269 ,575
VARO00002|,719 670" ,657 ,509 ,264 ,303 ,549
VARO00003|,703 ,657 ,6458' ,503 ,276 ,325 ,546
VAR00004 | ,537 ,509 ,503 408 271 ,346 447
VARO00005 | ,250 ,264 ,276 271 37T ,567 ,331
VARO00006 | ,269 ,303 ,325 ,346 ,567 872 ,437
VARO00007 | ,575 ,549 ,546 447 ,331 437 499
Residudl VAR00001 ,066 -,057 -,016 -,016 ,014 ,003
VARO00002 | ,066 -,022 -,034 ,035 ,001 -,046
VARO00003| -,057 -,022 ,067 -,008 -,025 ,056
VARO00004 | -,016 -,034 ,067 -,009 ,006 -,016
VARO00005 | -,016 ,035 -,008 -,009 ,002 -,006
VARO00006 | ,014 ,001 -,025 ,006 ,002 ,004
VARO00007|,003 -,046 ,056 -,016 -,006 ,004

Extraction Method: Principal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 4 (19,0%) nonredundant residuate

values greater than 0.05.

Rotated Factor Matrix?

Factor

VAR00001 871

VAR00002 , 799

VAR00003 776

318




VARO00004 ,578

VARO00005 ,580

VARO00006 ,917

VARO00007 ,607

Extraction Method: Principal Axis Factoring

Rotation Method: Varimax with Kaise

Normalization?

a.Rotation converged in 3 iterations.
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K. TECHNICAL SOFTWARE DEVELOPMENT COMPLEXITY
FACTORS
Correlation Matrix 2
VA [VA |VA |VA (VA |VA |VA |VA |VA [VA |VA |VA |[VA |VA |[VA |VA |VA
ROO | ROO [ ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO [ ROO | ROO | ROO | ROO
001 [002 | 003 | 004 (005 |006 |007 |008 |009 {010 |011 |012 {013 |015 |016 |017 |018
Correl | VA
1,00
ation | ROO ,186 | ,560 |,193 |,308 |,363 |,242 | ,141 |,171|,369 |,176 |,255 |,255 |,196 |,159 |,186 |,193
0
001
VA
1,00
R0OO |,186 ,259 | ,385 |,339 |,503 | ,496 |,352 |,250 |,295 |,365 |,357 |,368 |,190 |,288 |,231 |,206
0
002
VA
1,00 - )
R0OO | ,560 |,259 ,244 | ,094 | ,388 |,289 | ,259 ,183 |,159 |,273 |,386 | ,223 |,169 |,019
0 ,037 ,001
003
VA
1,00
ROO |,193 |,385 | ,244 ,418 | ,520 | ,463 | ,451 | ,206 |,300 |,331 |,481 |,585 |,378 | ,505 |,239 |,173
0
004
VA
1,00
R0OO |,308 |,339 |,094 |,418 ,488 | ,419 | ,355 | ,616 | ,671 |,594 |,280 | ,455 |,191 | ,497 | ,618 | ,637
0
005
VA
1,00
ROO |,363 |,503 |,388 |,520 |,488 ,403 | ,542 |,217 | ,343 | ,353 | ,471 | ,591 | ,407 |,431|,181 |,263
0
006
VA
1,00
R0OO |,242 |,496 |,289 | ,463 |,419 | ,403 ,387 | ,305 |,363 |,496 |,338 | ,467 |,191 |,353 |,385 | ,404
0
007
VA
1,00
ROO |,141 | ,352 |,259 |,451 | ,355 | ,542 | ,387 ,151 1,290 | ,274 | ,343 | ,415 | ,251 | ,312 |,271 | ,200
0
008
VA
_ 1,00
ROO |,171 | ,250 ,206 | ,616 | ,217 | ,305 |,151 ,435 | ,419 | ,142 | ,277 |,098 | ,234 | ,649 |,771
,037 0
009
VA
1,00
ROO |,369 |,295 |,183 |,300 |,671 |,343 |,363 |,290 | ,435 ,540 | ,212 | ,315 |,045 | ,243 | ,516 |,550
0
010
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VA
R0OO
011

176

,365

,159

,331

,594

,353

,496

274

419

,540

1,00

,332

476

,230

,391

727

,556

VA
ROO
012

,255

,357

273

,481

,280

471

,338

,343

,142

,212

,332

1,00

,506

,700

,532

,210

,326

VA
R0OO
013

,255

,368

,386

,585

,455

,591

467

,415

277

,315

476

,506

1,00

421

440

,340

319

VA
R0OO
015

,196

,190

223

,378

,191

,407

,191

,251

,098

,045

,230

,700

421

1,00

,592

124

,228

VA
R0OO
016

,159

,288

,169

,505

,497

431

,353

,312

,234

,243

,391

,532

/440

,592

1,00

,324

,319

VA
R0OO
017

,186

,231

,019

,239

,618

,181

,385

271

,649

,516

727

,210

,340

124

324

1,00

, 707

VA
R0OO
018

,193

,206

,001

,173

,637

,263

404

,200

771

,550

,556

,326

,319

,228

,319

, 707

1,00

Sig.
(-

tailed)

VA
R0OO
001

,030

,000

,026

,001

,000

,007

,079

,043

,000

,039

,005

,005

,024

,055

,030

,026

VA
R0OO
002

,030

,004

,000

,000

,000

,000

,000

,006

,001

,000

,000

,000

,028

,002

,010

,019

VA
R0OO
003

,000

,004

,007

,173

,000

,002

,004

,354

,033

,055

,003

,000

,012

,045

425

497

VA
R0OO
004

,026

,000

,007

,000

,000

,000

,000

,019

,001

,000

,000

,000

,000

,000

,008

,041

VA
R0OO
005

,001

,000

173

,000

,000

,000

,000

,000

,000

,000

,002

,000

,027

,000

,000

,000
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VA
R0OO
006

,000

,000

,000

,000

,000

,000

,000

,014

,000

,000

,000

,000

,000

,000

,034

,004

VA
ROO
007

,007

,000

,002

,000

,000

,000

,000

,001

,000

,000

,000

,000

,027

,000

,000

,000

VA
R0OO
008

,079

,000

,004

,000

,000

,000

,000

,065

,002

,003

,000

,000

,005

,001

,003

,022

VA
ROO
009

,043

,006

,354

,019

,000

,014

,001

,065

,000

,000

,078

,002

,164

,009

,000

,000

VA
R0OO
010

,000

,001

,033

,001

,000

,000

,000

,002

,000

,000

,016

,001

,326

,007

,000

,000

VA
R0OO
011

,039

,000

,055

,000

,000

,000

,000

,003

,000

,000

,000

,000

,010

,000

,000

,000

VA
R0OO
012

,005

,000

,003

,000

,002

,000

,000

,000

,078

,016

,000

,000

,000

,000

,017

,000

VA
R0OO
013

,005

,000

,000

,000

,000

,000

,000

,000

,002

,001

,000

,000

,000

,000

,000

,001

VA
R0OO
015

,024

,028

,012

,000

,027

,000

,027

,005

,164

,326

,010

,000

,000

,000

,107

,011

VA
R0OO
016

,055

,002

,045

,000

,000

,000

,000

,001

,009

,007

,000

,000

,000

,000

,000

,001

VA
R0OO
017

,030

,010

,425

,008

,000

,034

,000

,003

,000

,000

,000

,017

,000

,107

,000

,000

VA
R0OO
018

,026

,019

497

,041

,000

,004

,000

,022

,000

,000

,000

,000

,001

,011

,001

,000

a. Determinant = 4,62805
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KMO and Bartlett's Test

KaiserMeyerOlkin Measure of Sampling Adequacy. ,836
Bartlett's Test of Sphericity Approx. ChiSquare 943,290
df 136
Sig. ,000
Anti-image Matrices
VA |VA |VA |VA |VA |VA |VA |VA |VA |VA |VA |VA |VA |VA |VA |VA |VA
R0OO | ROO | ROO [ ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO [ ROO | ROO
001 | 002 | 003 | 004 | 005 | 006 | 007 | 008 | 009 | 010 |011 |012 | 013 |015 |016 |017 |018
Anti- VA
image ROO | ,533|,047 ,021 ,107 ,075 ,054 ,050 ,031
,275 ,054 | ,079 | ,042 ,015 | ,099 ,044 ,038 ,058
Covarianc| 001
e
VA
ROO |,047 |,580 ,007 | ,011 ,044 | ,045 ,006 | ,077
,032 ,129 | ,163 | ,007 | ,092 | ,036 | ,044 | ,092 ,004
002
VA
ROO ,528 | ,030 | ,069 ,011 ,008 ,000 ,030 | ,020
,275|,032 ,025|,047 | ,064 ,024 1,032 ,113 ,023
003
VA -
ROO |,021 |,007 |,030 |,463 ,025 7,41 ,093
,022 |,035|,108 | ,062 | ,055 | ,055 ,075|,116 ,083 |,010
004 1E-5
VA
R0OO ,011 | ,069 272 ,014 ,034 ,042
,054 ,022 ,071 ,020|,067 | ,125 | ,034 ,029 ,122 |,013|,020
005
VA
ROO ,378 | ,037 ,008 | ,021 ,004 ,085
,079(,129 | ,025 | ,035 | ,071 ,160 ,033 ,095 |,040 | ,001 ,025
006
VA
R0OO ,014 | ,037 | ,515 ,033 |,032 ,019 ,053 ,026
,042 | ,163 | ,047 | ,108 ,076 ,075 ,045 ,036 ,087
007
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VA
R0OO
008

,107

,007

,064

,062

,020

,160

,076

,587

,040

,042

,080

,028

,006

,008

,023

,100

,022

VA
ROO
009

,015

,092

,011

,055

,067

,008

,033

,040

,303

,049

,065

,062

,023

,008

,033

,069

,150

VA
R0OO
010

,099

,036

,024

,055

,125

,021

,032

,042

,049

,425

,069

,006

,028

,061

,045

,013

,078

VA
R0OO
011

,075

044

,032

,025

,034

,033

,075

,080

,065

,069

,322

,010

,054

,022

,000

,165

,003

VA
R0OO
012

044

,092

,008

,075

,034

,004

,019

,028

,062

,006

,010

374

,051

,182

,032

,018

,080

VA
ROO
013

,054

044

,113

,116

,029

,095

,045

,006

,023

,028

,054

,051

434

,030

,026

,013

,012

VA
R0OO
015

,038

,045

,000

7,41
1E5

,042

,040

,053

,008

,008

,061

,022

,182

,030

,388

,162

,022

,027

VA
R0OO
016

,050

,004

,023

,083

122

,001

,036

,023

,033

,045

,000

,032

,026

,162

442

,028

,009

VA
R0OO
017

,058

,006

,030

,010

,013

,085

,026

,100

,069

,013

,165

,018

,013

,022

,028

,264

,059

VA
R0OO
018

,031

,077

,020

,093

,020

,025

,087

,022

,150

,078

,003

,080

,012

,027

,009

,059

,231

Anti-
image
Correlatio

n

VA
R0OO
001

,688

,084

,519

,043

,142

,176

,081

,191

,037

,208

,182

,099

112

,084

,104

,155

,090

VA
R0OO
002

,084

,837

,057

,014

,027

,276

,299

,012

,219

,072

,103

,197

,087

,095

,008

,015

211
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VA
R0OO
003

,519

,057

, 730

,060

,182

,055

,091

,114

,028

,050

,078

,019

,236

,000

,048

,079

,057

VA
ROO
004

,043

,014

,060

878

,061

,085

,222

,118

,146

,125

,065

,179

,258

,000

,183

,029

,284

VA
R0OO
005

142

,027

,182

,061

,878

223

,038

,051

,232

,368

114

,107

,085

,128

,353

,047

,082

VA
ROO
006

,176

,276

,055

,085

,223

,863

,085

,339

,023

,051

,096

,010

,234

,103

,003

,268

,084

VA
R0OO
007

,081

,299

,091

222

,038

,085

,879

,138

,084

,068

,185

044

,096

,119

,074

,070

,253

VA
ROO
008

,191

,012

,114

,118

,051

,339

,138

,842

,094

,084

,184

,060

,011

,016

,046

,253

,059

VA
R0OO
009

,037

,219

,028

,146

,232

,023

,084

,094

779

,136

,207

,183

,064

,024

,090

,243

,566

VA
R0OO
010

,208

,072

,050

,125

,368

,051

,068

,084

,136

,865

,186

,065

,151

,105

,039

,248

VA
R0OO
011

,182

,103

,078

,065

114

,096

,185

,184

,207

,186

,838

,029

,145

,063

,001

,566

,012

VA
R0OO
012

,099

,197

,019

,179

,107

,010

,044

,060

,183

,016

,029

,838

,128

476

,079

,056

273

VA
R0OO
013

112

,087

,236

,258

,085

,234

,096

,011

,064

,065

,145

,128

,914

,073

,060

,038

,037

VA
R0OO
015

,084

,095

,000

,000

,128

,103

119

,016

,024

,151

,063

476

,073

,780

,391

,068

,092
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VA
R0OO
016

,104

,008

,048 |,183

,353

,003

,074

,046

,090

,105

,001

,079

,060

,391

,864

,082

,027

VA
ROO
017

,155

,015

,079
,029

,047

,268

,070

,253

,243

,039

,566

,056

,038

,068

,082

,815

,238

VA
R0OO
018

,090

211

,057 | ,284

,082

,084

253

,059

,566

,248

,012

273

,037

,092

,027

,238

, 794

a. Measures of Sampling Adequacy(MSA)

Communalities

Initial Extraction
VARO00001 467 ,895
VAR00002 420 373
VAR00003 AT2 479
VARO00004 ,537 ,5638
VARO00005 , 728 ,691
VARO00006 ,622 ,610
VARO00007 ,485 ,454
VARO00008 413 ,385
VARO00009 ,697 ,602
VARO00010 575 ,528
VARO00011 ,678 ,563
VAR00012 ,626 ,616
VAR00013 ,566 ,558
VAR00015 ,612 ,930
VAR00016 ,558 ,510
VAR00017 , 736 , 711
VAR00018 , 769 , 798

Extraction Method: Principal Axis Factoring.
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Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

% of | Cumulative % of | Cumulative % of | Cumulative

Factor| Total Variance % Total Variance % Total Variance %

1 6,682 39,306 39,306 6,283 36,956 36,956 3,709 21,815 21,815
2 2,385 |14,028 53,334 2,044 12,023 48,979 3,116 18,330 40,145
3 1,401 |8,243 61,577 1,120 6,587 55,565 2,014 11,846 51,991
4 1,114 6,551 68,128 , 795 4,677 60,242 1,403 8,251 60,242
5 , 763 4,486 72,614

6 ,684 4,025 76,639

7 ,623 3,666 80,305

8 ,584 3,438 83,743

9 ,523 3,075 86,817

10 479 2,816 89,633

11 ,405 2,380 92,013

12 ,357 2,097 94,111

13 272 1,602 95,712

14 ,245 1,443 97,155

15 ,194 1,141 98,296

16 ,153 ,898 99,194

17 ,137 ,806 100,000

Extraction Method: Principal Axis Factoring.
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Scree Plot

.
a
=2 47
]
e
c
a
=
1]
2
0=
T T T T T T T T T T T T
1 2 5 7 8 9 10 11 12 13 14 15 16 17
Factor Number
ReproducedCorrelations
VA |[VA |VA |VA |VA |VA VA |VA |VA (VA |VA |VA |VA (VA |VA |VA |VA
R0OO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO | ROO
001 [ 002 | 003 | 004 | 005 | 006 | 007 |008 |009 |010 |011 {012 |013 |015 (016 |017 | 018
Reproduce| VA
,895
d R0OO ,196 | ,558 | ,167 | ,287 | ,358|,237 | ,159 | ,163 | ,363 | ,202 | ,250|,280 | ,200 | ,146 | ,171|,215
Correlation| 001
VA
,373
ROO | ,196 ,259 | ,425|,376 | ,456 | ,401|,375|,195]|,309 | ,349|,312|,432|,188 | ,314 | ,256 | ,216
a
002
VA
479 - - -
ROO | ,558 | ,259 ,287 | ,159 | ,409 | ,252 | ,253 , 195,122 | ,280|,326 | ,217 | ,182
2 ,024 ,002 | ,010
003
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VA
R0OO
004

167

425

287

,538

,393

,552

446

446

178

,282

,379

476

,536

,402

,452

247

223

VA
ROO
005

,287

,376

,159

,393

,691

,426

,488

,352

,591

,579

,620

,331

464

,202

,399

,664

,671

VA
R0OO
006

,358

,456

,409

,552

426

,610

,481

467

,185

,345

,395

,490

571

,393

445

,253

,230

VA
R0OO
007

,237

,401

252

446

,488

481

454

,396

,315

,405

446

,335

471

,198

,355

,383

,352

VA
R0OO
008

,159

,375

,253

446

,352

467

,396

,385

,164

274

,333

,345

445

,239

,339

,225

,188

VA
ROO
009

,163

,195

,024

,178

,591

,185

,315

,164

,602

,493

,524

171

,256

,095

,266

,651

,685

VA
R0OO
010

,363

,309

,195

,282

,579

,345

,405

274

,493

,528

,504

,198

,356

,047

,254

,549

,545

VA
R0OO
011

,202

,349

122

,379

,620

,395

446

,333

,524

,504

,563

,323

434

,214

,386

,593

,598

VA
R0OO
012

,250

,312

,280

476

,331

,490

,335

,345

171

,198

,323

,616

,501

,701

,539

,218

,273

VA
R0OO
013

,280

432

,326

,536

464

571

A71

/445

,256

,356

434

,501

,558

,430

JAT5

,325

,317

VA
R0OO
015

,200

,188

217

,402

,202

,393

,198

,239

,095

,047

,214

,701

,430

,930

,583

121

,233

VA
R0OO
016

,146

314

,182

452

,399

/445

,355

,339

,266

254

,386

,539

475

,583

,510

,320

,361
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VA
R0OO
017

171

,256

,002

247

,664

,253

,383

,225

,651

,549

,593

,218

,325

121

,320

, 711

, 7138

VA
ROO
018

,215

,216

,010

,223

,671

,230

,352

,188

,685

,545

,598

,273

317

,233

,361

, 738

, 798

Residudl

VA
R0OO
001

,010

,003

,026

,021

,005

,005

,019

,008

,005

,026

,005

,026

,004

,013

,015

,022

VA
ROO
002

,010

,001

,040

,037

,047

,095

,023

,055

,014

,016

,045

,064

,002

,025

,025

,010

VA
R0OO
003

,003

,001

,043

,065

,021

,036

,005

,013

,012

,037

,007

,061

,006

,014

,021

,009

VA
R0OO
004

,026

,040

,043

,025

,031

,018

,006

,028

,018

,048

,005

,049

,024

,053

,008

,050

VA
R0OO
005

,021

,037

,065

,025

,061

,068

,004

,025

,092

,027

,052

,009

,010

,098

,046

,034

VA
R0OO
006

,005

,047

,021

,031

,061

,078

,075

,032

,002

,042

,020

,020

,014

,014

,072

,033

VA
R0OO
007

,005

,095

,036

,018

,068

,078

,009

,009

,042

,050

,002

,004

,006

,002

,002

,052

VA
R0OO
008

,019

,023

,005

,006

,004

,075

,009

,014

,016

,059

,002

,030

,012

,027

,046

,013

VA
R0OO
009

,008

,055

,013

,028

,025

,032

,009

,014

,058

,105

,030

,022

,003

,032

,002

,087

VA
R0OO
010

,005

,014

,012

,018

,092

,002

,042

,016

,058

,036

,014

,041

,001

,011

,033

,005
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VA

R0OO ,016 | ,037 ,050 ,036 ,008 |,042|,016|,005|,134
,026 ,048 | ,027 | ,042 ,059 | ,105 ,042
011

VA

ROO |,005 | ,045 ,005 ,002 ,014 | ,008 ,005 ,053
,007 ,052 1,020 ,002|,030 ,001 | ,007 | ,009
012

VA

R0OO ,061 | ,049 ,020 ,022 ,042 | ,005 ,016 | ,002
,026 | ,064 ,009 ,004|,030 ,041 ,009 | ,035
013

VA

ROO ,002 | ,006 ,014 ,012 |,003 ,016 ,009 |,003
,004 ,024 1,010 ,006 ,001 ,001|,009 ,005
015

VA

ROO |,013 ,053 |,098 ,005 ,009 ,004
,025|,014 ,014,002|,027|,032|,011 ,007 | ,035 ,041
016

VA

ROO |,015 ,021 ,002 | ,046 ,134 ,016 | ,003 | ,004
,025 ,008 | ,046 | ,072 ,002|,033 ,009 ,031
017

VA

R0OO ,009 ,033|,052 |,013|,087 | ,005 ,053 1,002
,022 |,010 ,050 | ,034 ,042 ,005 |,041 |,031
018

Extraction MethodPrincipal Axis Factoring.

a. Reproduced communalities

b. Residuals are computed between observed and reproduced correlations. There are 21 (15,0%) nonredundant residuaie

values greater than 0.05.

Rotated Factor Matrix?

Factor

1 2 3 4
VAR00001 ,917
VAR00002 ,565
VAR00003 577
VAR00004 ,652
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VARO00005 ,718

VARO00006 ,670
VARO00007 ,561
VARO00008 ,584

VARO00009 , 769

VARO00010 ,612

VAR00011 ,630

VARO00012 ,655
VARO00013 ,608

VARO00015 944
VARO00016 ,539

VAR00017 ,822

VAR00018 ,867

Extraction Method: Principal Axis Factoring.

Rotation Method: Varimax with Kaiser Normalizatidn.

a. Rotation converged in 5 iterations.
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Appendix C

Questionnaire of 2¢ survey
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Compare the relative importance with respect to:

A. TIME MANAGEMENT
Circle one number per row below using the scale:

1 = Equal 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme

DENSITY OF PRO,
ACTIVITIES PROJECT ACTIVI

RESOURCE CONSTRA
(in terms of activitie9 >
number, variance | (in terms of availability
duration, ] specialization, variety a
interdependencies  ar overlapping resources
criticality)
DENSITY OF PRO|
ACTIVITIES DENSHY g OF PRO
(in terms of activitie9 > (in terms of

. ] parallg

gﬂgggﬁ vanance | activities, number ¢
interdependencies  ar deliverables an
criticality) deliverable density
DENSITY OF PRO,
ACTIVITIES R AN Tl
(in terms of activitig > CAPABILITIES
gﬂggg:{ variance | (indtermls of elx%elrienc
interdepéndencies ar and tools availability
criticality) management team)
DENSITY OF PRO|

PROTRACTED
ACTIVITIES PROJECT/ACTIVITIES
(in terms of activitiel > DURATION
Qﬂgﬁgﬁ varnance | (in terms of long proje
interdependencies  ar| %%rata%r;aﬁgg aréltmtti)gg)
criticality) 9
PROJECT ACTIVI DENSITY OF PRO
RESOURCE CONSTRA SCHEDULE
(in terms of availabilitg9 g agicntivittigrsms ngfmbg?ra”é
specialization, variety af deliverab’les ) an
overlapping resources deliverable density
PROJECT ACTIVI ORGANIZATION  TI
RESOURCE CONSTRA gﬁyﬁéﬁﬁ\#l‘gg—
(in terms of availability9 g (in terms of experiend
specialization, variety al and tools availability td
overlapping resources management team)
PROJECT ACTIVI PROTRACTED
RESOURCE CONSTRA BB%JAEI'ICOTI/\IACTIVITIES
. R (] 2
(in terms of availability (in terms of long projec
specialization, variety at duration and number ¢
overlapping resources long duration activities)
DENSITY OF PRO,

ORGANIZATION TI
SCHEDULE MANAGEMENT
. CAPABILITIES
(in terms of parallg9 2
activities, number ¢ (in terms of experieng
deli bl and tools availability {
eliverables an management team)
deliverable density
DENSITY OF PRO,;

PROTRACTED
SCHEDULE PROJECT/ACTIVITIES
. DURATION
(in terms of parallgg 2
activities, number ¢ gﬂr;%romnsa?\fdlonndqm‘t))reorje
deliverables an long duration activities)
deliverable density
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10

ORGANIZATION TI
MANAGEMENT
CAPABILITIES

(in terms of experiend
and tools availability f{
management team)

PROTRACTED
PROJECT/ACTIVITIES
DURATION

(in terms of long proje
duration and number
long duration activities)

B. COST MANAGEMENT
Circle one number per row below using the scale:

1 = Equal 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme

ORGANIZATION Cf
MANAGEMENT
CAPABILITIES

(in terms of experience al
tools available t|
management teanand dug
barriers from  externg
dependencies)

COMPLICATED FINAN
STRUCTURE A
PROCESSES

(in terms of number ¢
financiers and tim
consuming processes
payment approvals ar|
financial reporting)

ORGANIZATION Cf
MANAGEMENT
CAPABILITIES

(in terms of experience al
tools available ti
management team and di
barriers from  externg

LONG PROJECT DURA

dependencies)
COMPLICATED FINAN
STRUCTURE A
PROCESSES

(in terms of number (
financiers and tim|
consuming processes |
payment approvals ar
financial reporting)

©

LONG PROJECT DURA

C. QUALITY MANAGEMENT
Circle one number per row below using the scale:

1 = Equal 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme

INADEQUECIES IN QUA

MANAGEMENT DESIGN ORGANIZATION
QUALITYMANAGEMENT

(in terms of insufficier CAPABILITIES

1 communication of quality9 >
goals, not use of we) (in terms of manageme
known quality commitment to quality
management procedur quality culture, existence
and tools, proceg QA department)
immaturity)

INADEQUECIES

QUALITYMANAGEMENT RIGOROUS QUAI|
DESIGN CONTROL PROCEDUR
(in terms of insufficier - -

2 |communication of qualit9 2 ggtetﬁ‘:gl]S Ofafc)i(lltsstem%n
Eﬁg\lﬁh not use Ofue\ll}lig thorough quality contrd
mana a b procedures withi

gement procedurg organization)
and tools, procey 9
immaturity)
ORGANIZATION ~ QUA| SE&T%%%NTROL
MANAGEMENT PROCEDURES
CAPABILITIES

3 (in terms of manageme9 2 thet?rﬁQS ofagé(:tsstencean
commitment to . quality thorough quality contrd
quality culture, existence procedures withi
QA department) organization)
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D. COMMUNICATION MANAGEMENT
Circle one number per row below using the scale:

1 = Equal 3 = Moderate 5 = Strong 7 =\4trong 9 = Extreme

ORGANIZATION
COMMUNICATION
MANAGEMENT
CAPABILITIES

1 |(in terms of experiend® |8 [7 6 5 4 3 2 1 2 3 4 |5
within management tean|
availability 0
communication tools, cle;
communication lines ar
work assignment)

COMMUNICATION
CONSTRAINTS DUE
PROJECT STRUCTURE
STAFFING

(in terms of geographig
distribution, diversity i
ERs 1SK2f RS NJ
and culture)

ORGANIZATION
COMMUNICATION
MANAGEMENT
CAPABILITIES

[
[e3)
~
[}
[
=
w
N
=
N
w
=
[&]

2 |(in terms of experiency
within management tean|
availability 0
communication tools, cle;
communication lines ar
work assignment)

DENSITY OF PRO
COMMUNICATION

(in terms of labour tim
spending t
communication, reportin
frequency, frequency

meetings, /presentations

COMMUNICATION
CONSTRAINTS DUE
PROJECT STRUCTURE
STAFFING

(in terms of geographig
distribution, diversity il
X SK2f RSNJ
and culture)

DENSITY OF PRO
COMMUNICATION

(in terms of labour tim
spending t
communication, reportin
frequency, frequency

meetings, /presentations

E. HUMAN RESOURCES MANAGEMENT
Circle one number per row below using the scale:
1 = Equal 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme

PROJECT TEAM COHES

(in terms of staff turnover

ORGANIZATION
MANAGEMENT
CAPABILITIES

(in terms of staff turnover

new recruitments
2 existence  of pamme9 s P pPPrRRPERPREP
employees, differer|
nationalities, cultures

geographlcal distribution)

new recruitments (in terms of manageme
1 lexistence  of pa|=t|me9 S A N S L N O G O C O S team experience
employees, differer| avallablllt of tools t
nationalities, cultures support HR managemer|
geographical distribution) tasks, existence
Department)
PROJECT TEAM COHE( HR MANAGEME

CONSTRAINTS DUE
TEAM STRUCTURE

(in terms of number an
diversity of project team
high percentage
outsourced work)

PROJECT TEAM COHEY

(in terms of staff turnover
recruitments|
3eX|stenceofpaFt|me 9 B8 (7 6 p 4 B 2 1 2 3 K4 |5

employees, differer
nationalities, ~culturey
geographlcal distribution)

ROJECT TEAM, SIZE
SKILL DIVERSITY

(in terms of project teal
size and variety of ski
required)

ORGANIZATION
MANAGEMENT
CAPABILITIES

(in terms of manageme
4 lteam experience> °© | PP PP R REPR P AP

availability of tools ti
support HR manageme
tasks, existence of H

HR MANAGEME
CONSTRAINTS DUE
TEAM STRUCTURE

(in terms of number an
diversity of project team
high percentage
outsourced work)

department)
ORGANIZATION
ROJECT TEAM, SIZE

MANAGEMENT .
5CAPABILITIES b bbb L bb bbbk SKILL DIVERSITY

toay > " ”‘&”p%‘ﬂim‘& e ing aben of o
avallablllt?:| tools tf required)

support HR manageme
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tasks, existence
department)

HR MANAGEME
CONSTRAINTS DUE
TEAM STRUCTURE

(in terms of number an9

diversity of project team;
high percentage q
outsourced work)

ROJECT TEAM, SIZE
SKILL DIVERSITY

(in terms of project teai|
size and variety of ski
required)

F. PROCUREMENT MANAGEMENT
Circle one number per row below using the scale:

1 = Equal 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme

DENSITY [
PROCUREMENT PROCEH

(in terms of number an
variety of supplies ar
suppliers, number ar
\variety of contracts)

EXTERNAL BARRIERS
PROJECT PROCUREI
PROCESS

(in terms of unknow|
A dzLJLJX A SN a
unavailability —or scarg
supplies, andbrocuremen
restrictions)

DENSITY [
PROCUREMENT PROCEF

(in terms of number an
variety of supplies ar
suppliers, number ar
\variety of contracts)

ORGANIZATION
PROCUREMENT
MANAGEMENT
CAPABILITIES

(in terms of cleg
procurement policies ar
procedures,  lack
automation in  suppl
chain, experience with
management team  ar
tools availability to suppo|
procurement
management)

EXTERNAL BARRIERS
PROJECT PROCUREI
PROCESS

(in terms of unknow,|
a dzLJLX A SN &
unavailability —or scarg
supplies, and procureme|
restrictions)

ORGANIZATION
PROCUREMENT
MANAGEMENT
CAPABILITIES

(in terms of cleg
procurement policies ar
procedures,  lack
automation in  suppl
chain, experience with
management team  ar
tools availability to suppo|
procurement
management)

G. RISK MANAGEMENT
Circle one number per row below using the scale:

1 = Equal 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme

ORGANIZATION
MANAGEMENT
CAPABILITIES

(in terms of manageme
eam experience
availability of tools to
support managemel
procedures)

PROJECT RISK DENSIT|

(in terms of number (¢
risks, impact of risks, lack
flexibility in implementin
risk responses, not cleg
definition of respons
strategy)
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H. SCOPE MANAGEMENT _
Circle one number per row below using the scale:

1 = Equal 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme

DENSITY OF PRO|
REQUIREMENTS

(in terms of number ¢
requirements,
1 interdependencies,

©
[e5)
~
[¢)]
3]
N
w
N
(=Y
N
w
=
[
[o))

dependencies fron
external factors, number |
non-functional

requirements and numby
of interfaces with othe
systems)

QUALITY
REQUIREMENTS

(in terms of requiremen
characteristics  such
\volatility, ambiguity|
immaturity, conflictg
inconsistency etc.)

DENSITY OF  PRO|
REQUIREMENTS

(in terms of number (
requirements,
2 interdependencies,

[
[e3)
~
[}
[
=
w
N
=
N
w
=
[&]
[}

dependencies fron
external factors, number |
non-functiond

requirements and numbsg
of interfaces with othe

ORGANIZATION SC
MANAGEMENT
CAPABILITIES

(in terms of experiend
within management teal
and availability of tools {
support manageme
process)

3 (in terms of requirement
characteristics  such
\volatility, ambiguity|
immaturity, conflictg

inconsistency etc.)

©
[e5)
~
&)
&3]
=
w
)
=)
o
w
=
&3]
&)

systems)
ORGANIZATION — SC
%EJSHJQYEMENTS MANAGEMENT
CAPABILITIES

(in terms of experieng
within management tea
and availability of tools {
support manageme
process)

I. INTEGRATION MANAGEMENT
Circle one number per row below using the scale:

1 = Equal 3 = Moderate5Strong 7 = Very strong 9 = Extreme

INTEGRATION
CONSTRAINTS UE
PROJECT CHARACTER

gmh terlrpbs of projed
echnical/business

1|nnovat|ve volatility ||9 S TP pPrRrRERERLREAEPES
requirements, architectur
complexity, new q
unproven technology beir]
used, uncertainty dueto
external changes

ORGANIZATION
INTEGRATION
MANAGEMENT
CAPABILITIES

(in terms of experiend
within management tean
availability of tools
support the process, lack
change manageme
process)

innovative, volatility i
requirements, archltectur
complexity, new
unproven technoloqy belr
used, uncertainty due
external changes

INTEGRATION
CONSTRAINTS  DUE
PROJECT CHARACTER
DENSITY OF DELIVERA
(in terms _of projeq
2 [technical/business o8 7 6 b la I3 L2 B U4 |5 6 (in terms of number o

intermediate deliverablg
and control of deliverab
e.g. lifecycle of acceptand

ORGANIZATION
INTEGRATION
MANAGEMENT
CAPABILITIES

3 |(in terms of experiend
within management tean
availability of tools t
support the process, lack
change manageme
process)

o)
[e3)
~
=)
[3)]
=
w
)
=
o
w
=
[&]
=)

DENSITY OF DELIVERA

(in terms of number ¢
intermediate deliverablg
and control of deliverab
e.g. lifecycle of acceptand
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J. STAKEHOLDERS MANAGEMENT (L:,091)
Circle one number per row below using the scale:

1 = Equal 3 = Moderate= Strong 7 = Very strong 9 = Extreme

DENSITY OF STAKEHOL
MANAGEMENT

(in terms of number (
1 Stakeholders, differer]

AUl ]l SK2t RSNE
existence of stakeholde
with different /conflicting
interests  or  negatiy
attitude about the project)

[
[e3)
=
[*))
[8)]
=
w
N
=
N
w
=
[8)]
[*))

ORGANIZATION
STAKEHOLDERS'

MANAGEMENT
CAPABILITIES

(in terms of definin
specific sStrategy
SYKIyOS a
engagement an
availability of means {
support that)

K. SOFTWARE DEVELOPMENT TECHNICAL FACTORTS
Circle one number per row below using the scale:
1 = Equal 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme

ORGANIZATION
TECHNOLOGICAL
CAPABILITIES

(in terms of use ofwell-
1 known developmer
models, programmir]
language generation, la
of tools to aid thg
development, low levs
technical expertise and/(
knowledge of domain)

[
[e3)
=
[o))
[&]
~
w
N
=
N
w
~
[8)]
[o))

PRODUCT DEVELOPMN
CONSTRAINTS

(in terms of platforn
\volatility, completeness
design, hardwal
concurrent developmen|
low development flexibilit
etc.)

ORGANIZATION
TECHNOLOGICAL
CAPABILITIES

En terms of c;Jse Iof we|
nown evelopmer|

2mode|s, programmin9 8 |7 6 p |4 3 |2 1 |2 B 4 [ |6
language generation, lac
of tools to aid thg
development, low levg
technical expertise and/(
knowledge of domain)

PRODUCT QUAL
REQUIREMENTS

(in terms of require
reliability, executio
running’ and respong
constraints, number off
non-functional
requirements)

ORGANIZATION
TECHNOLOGICAL
CAPABILITIES

(in terms of use of we|
3 known developmer
models, programmir|
language generation, la
of tools to aid the
development, low levs
technical expertise and/o|
knowledge of domain)

©
[e9)
]
[e))
[&]
D
w
N
(==
N
w
D
[&]
[e))

PRODUCT SIZE

in terms of softwar
code) and database sizg

PRODUCT DEVELOPNMN
CONSTRAINTS

(in terms of platforn
4 \volatility, completeness |{
design, hardwat|
concurrent developmen
low development flexibilit]
etc.)

o)
[e3)
=
[*))
[3)]
=
w
N
=
N
w
=
[8)]
[*))

PRODUCT QUAL
REQUIREMENTS

(in terms of require

reliability, executio
running and
response constraint

number of nonfunctiona
requirements)

PRODUCT DEVELOPN
CONSTRAINTS

(in terms of platforn
5 |volatility, completeness ({
dedgn, hardwar
concurrent  developmen
low development flexibilit]

©
[¢9)
]
&)
[&]
Y
w
N
=
N
w
Y
[&]
&)

PRODUCT SIZE

(in terms of softwar
(code) and database size

number of norfunctiona
requirements)

etc.)

PRODUCT QUAL

%EE%EEMENT%(IIigéﬁg PRODUCT SIZE
g o A o o (T

(code) and database size
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Appendix D

Charer documents of projects used in case study
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Project RefProject 1

Subject: Management Information System (MIS) for Ministry of Finance of
an EU Member State

Background

The Project aimed to create an MIS for the management and the monitoring of the projects
financed from the EU Structural Funds, the EU Cohesion Fund, and the European Maritime and
Fisheries Fund.

Goals

1 [Management Information for the top hierany users]
1 [Monitoring of each managed project at the lower level of detail]
1 [Tracing and accountability of each user action]

Scope
Inception
Elaboration

Construction and Testing

Key Stakeholders

Client Ministry of Finance of an EU Member State

Sponsor Ministry of Finance of an EU Member State

Project manager 25 years of experience in project management 18 of whict
managing software projects, PhD in Computer Science

Project team| Teams of @ LISNE 2y as> { Sy A 2 NJ Gtedin two

members sites in Greece and another EU member state, working full tim
project.

Project Duration
Project duration: 11 months

(Delivered, Accepted, and paid in full without any penalties)

Project Budget
t N22SO0G 06dzRISGY dmdnnndnnne

Constraints, Assumptions, Risks and Dependencies

Constraints Specific technology platform requirements that have restricted
flexibility to take some more efficient design decisions.
Assumptions Client stakeholders with decision making power able to qui

resolve any misinterpretations/ conflicts of the user requirement
Uninterruptable financial flow.

Risks and Changes of the requirements amid the construction phase (Cha
Dependencies inthe EU or National Legislation).
Client stakeholders was spread to many departments, resultin
rising bureaucracy obstacles in the Quality Assurance that were
difficult to overcame in a timely manner.
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Project RefProject 2

Subject:Geographidnformation System (GIS) for a major Greek city

Background
The Project aimed to create a GIS for the management and the monitoring oatlestreand
city plan data of a major Greek city.

Goals

1 To offer Management Information reporting to the tdyerarchy users

1 To offer Information exchange and application submission facility to special authorized third
party users, and the public

1 Tracing and accountability of each user action

Scope
Inception
Elaboration

Construction and Testing

Key Stakeholders

Client Major Greek municipality

Sponsor Greek state and EU funds

Project manager 25 years of experience in project management 18 of whict
managing software projects, PhD in Computer Science

Project team| Teamsof @ LISNAR2y as> {SYyA2N ¢h* a

members sites in Greece, working full time in project.
Every team consisted of a various specialties such as soft
developers, topographers, urban planners etc.

Project Duration
Project durdion: 8 months

(Delivered, Accepted, and paid in full without any penalties)

Project Budget
t N22SO0 060dzRISGY dpnndnnne

Constraints, Assumptions, Risks and Dependencies

Constraints Lack of digital data.

Partially completed or missing digital data.

Not clearly defined owner of the data (Central government

municipality).

Assumptions A stable situation of the city plan based on a solid legislg
foundations (many times this assumption is broken due to many |
regulations or decisions thabntradict with the general legislation).

Risks and Large percentage of missing digital data, therefore manual entry
Dependencies needed.

Messy legal foundation of the city plan.
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Project RefProject 3

Subject: Integrated Support System for Efficienater Usage and Resources
Management

Background

Better water management in households and urban level

Goals
At household level:

a) An information system for gathering data about water usage is planned to increase the
awareness of water consumption; thetata will be interpreted and presented to household
consumers in an understandable way using mobile devices (smartphones, tablets),

b) A household Decision Support System (DSS) will be developed for mobile devices to reduce
water consumption. Recommendatie regarding watesaving devices and behaviour will be
produced,

c) A sociaiedia platform will be developed to reinforce watsaving behaviour of consumers

via the social

Interactions among users (and between consumers and experts of \wateng techiques).

At urban level:

a) An innovative decision support system for reducing leaks in the water delivery system will be
built based on the dynamic modifications of pumping schedules to reduce leakages at municipal
level,

b) An adaptive pricing policy Wite developed, as the economic instrument to induce water
saving behaviour and reduce peaks in water and energy distribution loads.

Scope
The overall goal will be achieved by developing an innovative, Hfiagtor system capable to
optimise water managment and reduce water usage.

Key Stakeholders

Client Municipal organisations in Greece and EU member states

Sponsor National and EU funds

Project manager 14 years of experience in managing projects, PhD holder and fg
member. In additionlocal managers exists in each country.

Project team| 33 persons, 10 specialties, Distributed in 5 countries across Eurg

members Various groups consisted of analysts, developers, project mang
soft engineers, civil engineers, mechanical engine
telecommunications and networks, Hydrologists, Decision mal
Administrative employees.

Project Duration
Project duration:36 months

Project Budget
t N22SO0 06dzRISGY dodopndnnne

Project Milestones
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1 Project setup

1 Spatictemporal data available

1 DSS ahousehold level

1 DSS at urban level

1 Sociaimedia platform

1 Adaptive pricing model and simulation software

1 Completion of ISEWATUS validation and evaluation

Deliverables

9 Dissemination plan: ISSNATUS dissemination will be described in details [month 2]

1 Dissemination results: report on the dissemination activities will be prepared [month 11]

1 Dissemination results: report on the dissemination activities will be prepared [month 23]

9 Dissemination results: report on the dissemination activities will be prepgmnedth 35]

1 Exploitation plan: exploitation plan will describe the perspective of future exploitation of the
ISSEWATUS

T Dby third parties and business [month 30]

1 Impact assessment: report will cover all issues of impact assessment of tBE&MISBUS

[month 36

Constraints, Assumptions, Risks and Dependencies

Constraints Network or its part is in bad condition, lack of information ab
geometry of the network.

Technical parameters, pressure control issue, adjusting of preg
of water to the reademand.
Quality issue, either data are sparse, so there is no monitorin
water quality or water is very low quality.

Assumptions All parties are committed to the project.
Risks and Partner risks (e.g. a partner underperforms or a key mparieaves
Dependencies the project).
Project execution risks (e.g. key milestones or critical deliverable
delayed).

Agreement risks (e.g. partners cannot reach an agreemen
important issues, e.g. due to conflicts of interest).

Problem with installations at h@eholds.

Delay in implementation of DSS at the household or city level, sc
media platform.
ISSEWATUS system cannot be made ready for the implement
at the pilot sites.

Competitive technology appears.

Poor quality of the scientific content of tlielivered document.
Contact person is not available i.e. does not respond to emails
the periodof the declared availability
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Project RefProject 4

Subject: Decision Support System (DSS) based on advanced clinical theranostics
protocols for the cet-effective, personalised management of HPV related diseases

Background

To develop a software produtitat consists of &nowledgeintensive servicéhat will allow the
design of screening programs with personalised parameteéessonalised Based Screening
(PBS)for everyanticipatingwoman.

Goals

The expected goals of this project can be categorised as follows:

1. Medical

I Balance the scale between sensitivity and specificity of each biomarkdrod-medical
practice in identifiation of women at true risk of CxCa development.

1 Reduce unnecessary referrals for colposcopy.

1 Minimise unnecessary surgical therapeutic interventions that are possible to create side
effects.

1 Define intime and with credibility the cumulative risk of e&ral cancer development within
5 years in women that have been treated for ingpithelial lesions.

1 Intercalate personalised medical and biological data in the definition of the necessary
follow-up intervals and aid in outlining triaging strategies fopplation based screening
programs, based on the rational calculation of the cumulative risk of progression of the
current clinical state to a preancerous lesion.

2. Technological

1 Design of a multiplex mRNA analysis assay targeting the quantificatidiffesent CxCa
related biomarkers at a single cell analysis level (Cytomics).

1 Design of a Bead based multiplexPolymerase Chain Reaction (PCR) detection assay
targeting DNA methylation profiling of CxCa (Methylomics).

1 Design of a FC based platform aling Cytomics and Methylomics analysis in a single
instrument.

1 Development of a ®lassifier/predictor weighted majority voting system composed by
advanced intelligent systems, such as an Optimised NeuroFuzzy Artificial Neural Network by
Genetic Algorithm, a Fuzzy Bayesian Network, and a Fuzzy SVM, or even a predictor based
on Quantum Computing (Bioinformatics and Artificial Intelligence).

3. Social

1 Flexible design of population based screening programs according to the specific
requirements of eacimvolved catchment area and country.

1 Optimised allocation of resources especially under stringeonhomicconditions.

1 Reduction of the social cost due to the increased accuracy of the PBS program and due to
the reduction of the umecessary therapeuticéatments and the associated psychological
overhead of the involved women.

4. Commercial
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1 Exploitation of the usage of Cytomics and Methylomics in CxCa early detection and PBS.

1 Exploitation of the software product the DSS potentials in the medical markieased to
healthcare providers, insurance companies and public investment national health decision
makers.

1 Exploitation of software product for the creation of cdsased reasoningOrganised
Screening Program{®SP).

Scope

The scope of the proposed peat is the development of a complete Decision Support System
based on advanced diagnostic tests, intelligent classification and prediction models and a cost
effectiveness model. The system will be developed from data obtained under the monitoring of
a conpany, aiming to manage future OSPs using developed software and the experience gained
from this project

Key Stakeholders

Client A consortium of public and private organisations and universitie

Sponsor Greek state and EU funds

Project manager 5 years of experience in managing software projects, MSc hold
business.

Project team| 36 team members, from Universities and Industry, with vari

members specialties.
6 Basic specialties such as biologists, cytologists, econo
engineers, gftware developers.

Project Duration
Project duration: 27 months

Project Budget
t N22SO0 06dzRISGY dtrpndnnne

Project Milestones

Analysis of requirements

5Fd0F O02ttSOGA2yk 5AlF3Iy2aiA0a k bSg YIN]SNE
Development of informational infrastructures

Research and development of C/P models and cost effectiveness model

Components integration

Study monitoring and quality assurance

Software product validation

= =4 4 4 -8 -8 -2

Constraints, Assumptions, Risks and Dependencies
Constraints Possible lack of data.
Concurent research and development of models required to
implemented by software.
Assumptions Progress of necessary research within schedule.
Clear datasets from patients.
Efficient and effective collaboration between all stakeholders.
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Risks
Dependencies

ang

Low attendance of follovup cases and or low patient compliance
Failure to develop Cytomics and or Methylomics.

Failure to collect the minimum number of complete cases.
Many missing or noisy values in the collected dataset.

Failure to integrte the costeffectiveness model.
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Project RefProject 5

Subject:Career and Employment Structure (DASTA) IT System

Background

The Career and Employment Structure (DASTA) is an administrative structure aiming in helping
students and companies alike the process of vocational training and employment allocation.
Moreover, DASTA cooperates closely and assists the Career Office, The Vocational Placement
Office and the Entrepreneurship Unit in delivering their goals.

Goals

The process of finding and @dlating both vocational placement and graduate job positions is a
very fragmented, tedious and time consuming process. Hence the simplification, standardization
and (to an extent) the automation of the whole process in favour of students, staff and
participating companies and institutions is the goal of the project.

Scope

To create an IT system that will assist students and staff in the process of finding and allocating
both vocational placement and graduate job positions, and help participating compamies
institutions find the appropriate candidate for a job opening or placement.

Key Stakeholders

Client All students of Technological Education Institute (TEI) of Thessal
are to undertake the placement part of their studies.

Public and priate companies and institutions.

Sponsor National Strategic Reference Framework (NSRF)

Project manager A 10 year of expertise in managing projects, PhD holder in Bus
and Management having managed projects with total budge
SEOSaa 2F Hace

Project team | Project manager x 1.

members Assistant Project manager x 1, Engineer/MBA.

IT system designer x 3, IT professionals with PhD, Engineer.

IT system programmer x 1, IT professionals with MSc.

IT system tech support x 1, IT professionals with MSc.

Project Duration
Project duration: 16 months

Project Budget
t N22SO0G 060dzRISGY MHNndnnne

Project Milestones

Assess current status in terms of available resources

Study the processes/procedures/bureaucracy necessary to follow
5SaA3dy (KS 2LISNIGA2yaQ Ft2g60KI NI
Design/code the IT system

Design/ implement the GUI of the system
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Procure new equipment

Test run the system

Train the end users and create user guides
Provide tech support to users

Constraints, Assumptions, Risks and Dependencies

Constraints

Pressig timeframes for deliverables.

Funding limits.

Legal framework regarding staff outsourcing procedures.
Legal framework regarding procurement procedures.

Legal framework regarding project management procedures.

Dependencies

Assumptions The bureaucratic and legarocedures involved will not chang
AAIYATFAOLIyGte Rdz2NAYy3a (GKS O2dz
The project will receive funding uninterruptedly, in a perio
manner.

Risks and The changing bureaucratic and legal procedures involved.

Nontimely receipt of funding.
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Appendix E

Questionnaireused forProject ComplexityAssessment

350



Evaluating Project Complexity

Please assess the level of complexity for each one of the following factors that related to project
management. The assessment is based on the perceived level of value of each factor as you experienced
it during the project execution.

"Required

Time management

1. Density of project activities *
(Consider: large number of activities/critical activities, large number of interdependencies, high
variance in activities duration)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Extremely

No i

high

i OO0 00 OO0 0 OO0 O s
density

2. Project activities resource capabilities *
(Consider: low availability of resources, highly specialised resources required , high variety of resource
types, overlapping resource requirements)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Extremely
No g
high
macs () O OO OO OO0 OO0 s
constraints :
constraints
3. Density of project schedule *
(Consider: number of parallel activities, deliverable density, number of intermediate deliverables)
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
No Extremely
high
aee O O O OO OO0 OO O e
density

4. Organisation time management capabilities *
(Consider: insufficient time management experience within project management team, lack/shortage of
tools for planning and monitoring project schedule)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

No time E‘xthretmely
igh time
mmagement () (O O O O O O O O O O management
ARy immaturity
5. Protracted project/activities duration *
(Consider: long project duration, number of activities with long duration)
Mark only one oval,
0 1 2 3 4 5 6 7 8 9 10
No Extremely
high
mied O O OO OO OO OO O B
duration

Cost management
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6. Organisation cost management capabilities *
(Consider: low project management team experience, lack/shortage of tools for cost estimations,
lack/shortage of historical cost estimation data from similar projects, accuracy of cost estimates due
to project extemal dependencies, imegularities in project cash flows)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10
No cost Extremely
et X ) OO0 OO O OO OO
immaturity ) 4
immaturity
7. Complicated financial structure and processes *

(Consider: Time consuming processes for project payments approvals, intensive and time consuming

financial reporting, large number of project financiers)

Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10
Extremely
No financial high

Geisae 2 OO I LI L I CI LD L0 s

complication
8. Protracted project duration *
(Consider protracted duration in relation to cost management)
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
No Extremely
high
re (OO OO0 OO0 OO0 0 -
duration

Quality management

9. Inadequacies in quality management design *
(Consider: insufficient communication of quality goals, policies and responsibilities, process
immaturity, not use of well-known quality management procedures, lack of tools and processes for
tracing, monitoring and reporting project quality management results )
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Extremely

No quality S ?
mnagement (O (O O O O O O O O O O lihaualty

inadequecies

inadequecies
10. Organisation quality management capabilities *
(Consider: low management commitment to quality management, lack of quality culture within project
stakeholders, Missing of QA department )
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
i Extremely
Na quality high quality
mapagenent (3 C ) CD 0 £ O QO © £ ©O L0 gsgenan
g
immaturity 4 t
immaturity
11. Rigorous quality control procedures *
(Consider: existence of extemal quality audits, strict quality requirements as stated in project quality
plan, existence of thorough quality management procedures within customer/contractor organisation)
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
Extremely
No rigorus high
quality rigorous
a2 L0 OO OO0 OO0 OO0 b
procedures control
procedures

Communication management
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12. Organisation cammunication management capabilities *

(Consider: insufficient communication management experience within project management team,
shortage in commination media, not clear communication lines, not clear job descriptions and work
assignment)

Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Extremely high

communicti,:)ll?l C) O O Q C) Q O O O O O communication

immaturity immaturity

13. Communication constraints due to project structure and staffing *
(Consider: Geographical distribution of project stakeholders, diversity in nationalities and cultures,
number of organisations composing the project team)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Extremely high

communicatiNog O Q O o O Q O O O Q O communication

constraints constraints

14. Density of project communication *

(Consider: labour time spending in communication processes, heavy and frequent reporting, frequency
of formal in person communication, communication requirements due to high project visibility)
Mark only one oval.

0 1 2 3 4 5 6 ® 8 9 10

Extremely high

communicatiNog D D O D O (:) C) D O D (:) communication

density density

Human resources

15. Project team cohesion *
{Consider: Tumover of project staff members, new recruitments, existence of part time employees,
project not fully staffed)
Mark only one oval.

0 1 2 3 4 5 6 7 8 g 10
Extremely
No t Y
o Y2 O OO OO 54 O higi feam

16. Organisation HR management capabilities *
(Consider: insufficient HR management experience, lack/shortage of historical HR management data,
lack/shortage of tools and processes for planning, monitoring and tracking HR management, Existence
of HR department or Hr services within hosting organisation)
Mark only one oval.

0 1 2 3 4 5 6 i 8 g 10

No HR E_xtremely

immsmity 2 £ LD £ CO 0D €2 O £ £ C D Hhne
immaturity
17. HR management constraints due to team structure *
(Consider: high percentage of outsourced work, number of project sub-groups within the project,
number of different type of project groups)
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
No HR EAxtremely
mmenat () OO0 1O OO OO0 O O 9 2
constraints managerrient
constraints
18. Project team size and skill diversity *
(Consider: large size of project team, number of different technical, behavioural and contextual skills
required )
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
No Extremely

g <2 40 O OO O O OO O i .

Procurement management
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19. Density of procurement process *

21.

(Consider: number/variety of supplies and suppliers, new suppliers/subcontractors, variety of contract
types, number of contracts must be managed simultaneously)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10
- I’flf'xtr:'(ﬂsme'ly
Rlosmment D2 2 OO O L3O € Stiemens
density

. Organisation procurement management capabilities *

(Consider: lack or not clear definition of procurement policies and procedures, lack of automation within
supply chain, insufficient procurement management experience, lack of historical procurement data,
lack of tools and processes for planning, monitoring and tracking processes)

Mark only one oval.

0 1 2 3 4 5 6 T 8 9 10
No Extremely
high
poarenent (O (O O OO OO O O O O Bine
immaturity immaturity
External barriers in project procurement process *
(Consider: restriction imposed by extemal (e.g. legislation, regulation) and intemal (e.g. preferred
suppliers, compatible technology) project factors, unavailability/scarcity of supplies and/or services,
unknown suppliers quality)
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
: Extremely
No ba""eirsn high bamiers
s OO SOOI T T s
P processes procurement
processes

Risk management

22. Organisation risk management capabilities *

(Consider: insufficient risk management experience, lack/shortage of historical risk management data,
lack/shortage of tools for analysing, accessing, quantifying and implementing risk responses)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10
No risk Extremely
mmarrt (O (D OO OO0 OO0 OO phm
ALY immaturity
23. Project risk density *
(Consider: number of major risk, not clear definition of risk management policy and response strategy,
lack of flexibility of project management plan for implementing risk responses, existing of risk
responses with major impact to project)
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
No risk Extremely
iy OO O OO0 OO O g
Scope management
24. Density of project requirements *
(Consider: number of requirements, requirements interdependencies, number of sources for eliciting
requirements, number of interfaces with other systems, number of non-functional requirements
Mark only one oval.
0 1 2 3 4 5 6 4 8 9 10
No Extremely
; high
raismete O O O O OO OO O OO iemens
density
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25. Quality of requirements *
(Consider: requirements characteristics causing uncertainty, low quality of product/service
requirements specification)
Mark only one oval.

0 1 2 3 4 5 6 T 8 9 10
q;n;r”;y CSOO000000 00

26. Organisation scope management capabilities *
(Consider: insufficient scope management experience, lack of historical scope management data,
lack/shortage of specialised tools in defining requirements)
Mark only one oval.

0 1 2 3 4 5 6 T 8 9 10

No scope

management 3 () D O O OO O € € O O

immaturity

Integration management

Extremely
high
requirements
quality

Extremely
high scope
management
immaturity

27. Integration constraints due to project characteristics *
(Consider: project technical/business innovative, system architecture complexity, volatility in project

requirements, diversity and conflicts of interests of project stakeholders, uncertainty of project product

development due to extemal changes)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

wagaton O O OO OO OO0OOO

constraints

28. Organisation integration management capabilities *
(Consider: insufficient integration management experience, lack/shortage of historical integration

Extremely
high
integration
constraints

management data, not fully defined scope and requirements, lack/shortage of tools and processes for

supporting change management, lack /shortage of tools and processes for monitoring and measure
performance of various project stages)
Mark only one oval.

0 1 2 3 4 5 6 7 8 8 10

mgte O OO O0O0000O00 OO

immaturity

29. Density of deliverables *

(Consider: number of intermediate deliverables, contro! of deliverables)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

etk (IO OOOCODODD O

density

Stakeholders management

Extremely
high

integration
immaturity

Extremely
high
deliverable
density

30. Density of stakeholders management *

(Consider: number of stakeholders, different stakeholders’ categories, existing of stakeholders with
different/conflicting interests, stakeholders with negative attitude about the project, communication
bamiers between stakeholders)

Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

saeroes O O O O OO OO0 OO

density
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31.

Organisation stakeholders’ management capabilities *

(Consider: lack of structured methodology and tools in stakeholders management, lack of specific
strategy to enchance stakeholders engagement to project)

Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10
No Extremely
high
ol OO DO OO0 OO O OO sk
immaturity !'nanage[nent
immaturity
Software development technical complexity factors
32. Organisation technological capabilities *
(Consider: lack / not use of software tools that aid the development (CASE tools), not use of well-
known development models, low level of technical expertise of development team, low level
domain/application knowiedge of development team)
Mark only one oval.
0 1 2 3 4 5 6 7 8 9 10
No Extremely
. high
temaogd O O O O O O O O O O O 1 hnciogen
immaturity
33. Product development constraints *
(Consider: low development flexibility, platform volatility, software portability, completeness of design,
hardware concurrent development, product functional complexity)
Mark only one oval.
0 1 e 3 4 5 6 7 8 9 10
No E};]remely
di‘;er:g?r:ﬁ?st development
constraints

35.

. Product quality requirements *

(Consider: number of non-functional requirements, number of security requirements / constraints,
required high software reliability)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10

Extremely

e D OO OC OO0 OO0 O e

requirements

Software size *
(Consider: code size, size of application database)
Mark only one oval.

0 1 2 3 4 5 6 7 8 9 10
Extremely
Not large
st G0 KD @10 O €3 QO LD (L2 T Sewm
size
Overall project complexity
36. A§ioAoyroTE TNV ocuvoAIK] TIOAUTTAOKGTNTO TOU Epyou TTou SiaxeipioTrkate (Overall project
complexity) *
Mark only one oval.
0 1 2 3 4 § 6 7 8 9 10
No Elxterme|y
il CY OO OO0 D0 OO0 &
project project
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