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ABSTRACT: Evaluating complexity, in order to manage it effectively, has been stressed by many
researchers as one of the key areas of project management. This, as literature shows, has been done
using different methodologies and assessing it from different perspectives resulting in measures that
differ in their characteristics, their application, and their relevance with respect to location or
typography. Since no such quantitative study with respect to Indian construction sector was found in
literature, the aim of this research is, therefore, to develop a model for evaluating complexity in
projects in Indian construction sector with aim of enabling informed interventions at the planning
stage to manage the complexity better. A comprehensive literature study enabled identification of 23
such determinants initially which were grouped under 7 components of complexity, each component
representing a different type of complexity. Using a two-stage Delphi process, the determinants were
narrowed down to 21 and were weighed using mean rank weightages. The results of the survey were
used to develop a framework for evaluating complexity which was further idealized into a model in
the form of Project Complexity Index that could provide a single quantitative value of complexity at
any stage of the project and highlight the areas of concern. Application of the developed model was
demonstrated on two case studies of similar infrastructure projects. The framework made it possible
to evaluate the complexity as well as highlight the areas needing attention on the basis of component
complexity scores thereby indicating that the framework was robust.
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1. Introduction Consequently, a lot of research has been carried out on

complexity in projects and it has been acknowledged that
The success of a construction project has been often

construction projects must be viewed as complex and
measured as performance achieved on three parameters of

planned accordingly. For example, in [4] authors opined

time, cost and quality. In order to improve the probability  y,¢ construction problems are complex, the elements of

of achieving this performance, numerous established
techniques like time scheduling, cost scheduling, risk
assessment etc. have been used extensively by project
managers. However, despite this, a large number of

the problem are numerous and the interrelationships
among the elements are extremely complicated. In [5]
author reinforced this by stating that construction is more

than a straightforward linear process that can be managed
projects still fail to achieve performance criteria on these

parameters and many other parameters of project success
put forward by different researchers from time to time.
One of the reasons for this, cited by many researchers, is
not understanding the project complexity and its

top-down. Many researchers [1-3] stressed on the need to
not only acknowledge construction projects as complex
but also to understand this complexity so that it could be
managed effectively. Therefore, it follows that for

) o _ ) ] achieving project success, managing complexity gains
implications on project planning and execution, even

though it is a commonly held opinion that the reason for
the poor performance is the design and construction
process being particularly complex for several reasons [1-
3] such as complex processes of communication among
project stakeholders, ambiguity and equivocality related
to project performance criteria, complex construction

significant importance. However, in order to drive the
project complexity management efficiently, it is
imperative that the project complexity is clearly defined
and measured beforehand [6] This has been reinforced by
many empirical studies in the construction field which
reflect that project complexity would affect the project

duration, cost, and quality and should be objectively
techniques etc.
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measured in order to provide continuous feedback to help
control the process of project development [1], [7], [8].

The importance of measuring project complexity has
been widely acknowledged, but there are not many
universal objective measures available for assessing it.
Researchers have attributed this to complexity being
largely connected to the subjectivity of the observer [9],
[10] which suggests that the measurement of complexity
in context of projects too will differ among various project
stakeholders.

Considerable research has been carried out on
identification of factors that contribute to complexity and
also on methods that can be used for measuring such
complexity in a project. Several authors have looked at the
problem of managing projects from the complex systems’
point of view. While analyzing the complexity, they have
often used a specific angle. For example, characterizing
complexity as structural uncertainty and uncertainty in
goals and methods only [11] or complexity being a
function of how social systems work in projects [12]. The
basic premise of all such studies has been that managing
complexity needs to be viewed separately from traditional
project management approach. As a result, the factors
proposed have been different from those that reflect the
general character of a project or those which are used often
in project management vocabulary by people managing
projects.

Other studies have tried to view or identify complexity
in a project from within the existing characteristics of a
project by simply analyzing the usual project parameters
of cost, design, quality standards, specifications etc. [13].
The premise behind these studies is that it is possible to
gather simple project complexity factors which are often
encountered and dealt with at site level and thus are
familiar to people managing projects. However, such
studies are often specific with respect to various factors
and local nuances like type of project, project delivery
mechanism, country specific factors etc. affecting their
management. Thus, a uniform approach having a
universal implication on complexity management has not
evolved, though the studies do provide insights into
various methodologies used. Since such methodologies
are often geographically specific and take into account the
local nuances, very little research is available on objective
quantification of complexity in India construction
industry scenario thereby indicating that research on
methodology for evaluating complexity in projects in an
Indian context needs attention. This would enable
informed interventions by project managers for reducing
the complexity and managing project outcomes efficiently.

It can be argued, basis study of existing literature as
mentioned above, that by simply analyzing the usual
project parameters of cost, design, quality standards,
specifications etc,, it is possible to gather simple factors

that make a project complex. For example, a project using
only an established schedule of items with no additional
items specific to the project can be termed as non-complex
because the established items have fixed specifications
and there’s nothing peculiar about them as far as
executing the specifications or even cost of item is
concerned. At the same time, however, project will be
considered complex if knowledge of processes involved in
executing the project is new and requires higher skills or
professional delivery.

Therefore, by considering the premise already
established in the literature [13] that complexity can be
established from within project parameters and fine-tuned
to the geographical or locational peculiarities, evaluation
of complexity can be made simpler. Also, in India though
some studies have been carried out on issues of project
complexity, for example, finding measures of complexity
but limited to engineering design projects [14], while some
studies explore complexity in governance of projects [15],
others explore complexity in project interfaces [16], but no
significant study on an objective evaluation of complexity
in projects in Indian Construction Sector can be found in
literature,. Therefore, this study was carried out to identify
determinants that contribute to project complexity from
the existing project parameters like design, quality,
location etc. using existing available research and
establishing a framework, based on identified
determinants, for evaluating the same. The methodology
for such a framework shall be such as can be easily applied
by project professionals without prior expert knowledge
of complexity modelling and complexity measurement
techniques.

The study aims to develop a framework that can
objectively measure complexity of projects in Indian
construction sector so that project managers can make
managerial interventions at appropriate stages for
effective project management.

To achieve the above-mentioned aim of the study, the
following are the objectives to be met:

1. To identify determinants of
characterize project complexity determinants (factors) and
establish key interrelationships between them.

complexity and

2. To develop a model for effectively measuring project
complexity as an index for assisting project managers in
evaluating complexity.

3. To validate the model by testing its application to a
case example generally perceived to be complex.

2. Research Method

This study tries to look at complexity using an
approach wherein complexity is considered a general
characteristic of a project rather than application of
complexity theory and is based upon following successive
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steps, which are a modified combination of methodology
used by researchers [17] and [18] in their respective studies
on measuring complexity.

* Reviewing literature in order to provide documentary
evidence of the subject matter and to provide a wider
understanding of the key issues.

® Determining, from reviewed literature, key factors
contributing to complexity and group them under
relevant heads to form a preliminary framework for
complexity evaluation.

e Carrying out validation and refinement of preliminary
framework through a questionnaire survey using
Delphi method.

* Analyzing the results of the Delphi survey for the
purpose of refining the framework and assign weights
to each determinant.

¢ Idealizing the refined framework into a model to
determine the complexity index of a project so that
areas needing improvement through managerial
interventions are highlighted.

* Testing the model by applying it to analyze a few real-
life projects.

3. Background Study

A common view that one comes across often when
dealing with the construction industry is that construction
is a complex process, and it continues to get more and
more complex with projects employing sophisticated
technologies to serve diversified requirements of varied
end-users. In [1], the author opines that the building
projects have become progressively more complex since
World War II. Although Project complexity has not been
clearly defined [19] it is regarded as one of the critical
project characteristics that determine appropriate actions
to result in successful project outcomes [1]. The fact that
project complexity influences project performance and
affect the success of a project has been widely recognized
by various researchers in the past [20-23]. Despite this and
years of research on the concept of complexity, there has
been a lack of consensus on what project complexity
means. Many researchers have suggested that processes
comprising innovative operations and conducted in an
uncertain situation are complex. On the other hand,
complexity of a task is defined as being the degree of
difficulty in the search process, in performing the task, the
amount of thinking time required and the body of
knowledge in existence [24-26]. In [27] the author
presented a view that a large number of elements in a
process did not make it complex but the complexity was
in the interactions between elements. This seems to fit well
with the construction sector with its wide variety of
disciplines, varied project types, organizational structures
etc. For example, just by differing methods of procurement
used may result in high or low levels of subcontracting
[28] adding to the problems of integrating numerous,

diverse organizations. Having no general definition of
complexity, the difficulty in defining it is mainly
circumvented by defining its key drivers. But according to
authors in [29]
because those drivers depend on the environment and
context of the project and reiterate that “when modelling
the complexity of the design process it is first essential to
determine the context” (work context, time context,

defining those key drivers is not easy

motivational context and social context). They also suggest
that there is very little information on the interrelations
between these drivers due to a lack of consensus on project
complexity drivers themselves. Project complexity is
therefore difficult to define as a whole in general. As a
result, many researchers have tried to express project
complexity as composed of different kinds of complexity.
That way they could easily define and explore the drivers
of that particular aspect of the project which had the
potential of making it complex. For instance, in [1] the
author explores project complexity as a function to two
distinct complexities depending upon the nature of
organization and technology used and called them
organizational complexity (number of hierarchical levels
in organization, the degree of interaction between the
project organizational elements, etc.) and technological
complexity (number and diversity of inputs/outputs,
number of interdependencies between tasks, etc.). The
benefit of such a differentiation or breaking up of total
complexity into components is that managing complexity
becomes simpler to some extent as project managers can
fine tune their approach if they know the kind of
complexity they are dealing with. Consequently, complex
projects have been defined by various researchers
depending upon different characteristics they could
possess. For example, lack of clarity on the goals of the
project [30] dynamism in overall project methodology [31]
direct or indirect communication among project elements
[32] uncertainty in events [11], though simply having
uncertain events during project lifecycle does not
constitute complexity as some amount of uncertainty is
always present in a project [33], and uniqueness of project
[34]. These characteristics have been used by various
researchers while propounding different complexity
models with a view to assess and manage complexity in
projects. For example, in [30] the authors having
developed a 'Goals and Methods Matrix' classify projects
using two parameters: How well defined the goals are,
and how well defined are the methods of achieving those
goals. They suggest that if methods are uncertain, the
fundamental building blocks of Project Management like,
tasks required to complete the job etc. will not be known.
aspect of
complexity but does not address the interdependence of
the elements in a model. Similarly, in [11] the author
extends the model presented by Baccarini by adding one
more dimension of Uncertainty to two components of “No.

This model addresses the ‘Uncertainty’
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of elements’ and ‘Interdependence of these elements’
presented by Baccarini. The uncertainty could be that of
Goals or it could be in Uncertainty of methods. This model
was further modified by researchers in [35] by including
social interactions as one of the major determinants of
complexity. According to them, the previous models
neglected the effect of social interactions and their
contribution to Complexity. Their model, therefore is an
extension of William’s model which in itself is a
combination of Baccarinis’s and Turner & Cochrane’s
model of uncertainty. Based on the source of complexity
the authors in [36] suggest four types of project complexity

e Structural complexity: Arises in large scale projects
which are broken down into smaller parts

¢ Technical complexity: Arises in projects “which have
design characteristics or technical aspects that are
unknown or untried”

¢ Directional complexity: found in change projects,
“when it is clear that something must be done to
improve a problematic situation, but it is unclear what
this ‘something’ should be.” [36]

¢ Temporal complexity: results in projects where there is
a high level of uncertainty regarding future constraints
like change in laws, guidelines etc.

This was further developed by researchers in [37] by

stating that structural complexity is compounded by

uncertainty increased by constraints. These constraints

could be either environmental constraints, resource

constraints or constraints of objectives.

Reviewing these models, it is clear that every model
looks at complexity from a different perspective. While
some of the key factors like structural complexity,
uncertainty, technical complexity and clarity of goals seem
to resonate in different models, yet it cannot be concluded
that one model shall fit all the project scenarios. The
researchers [38] in their study on complexity model
conclude that existing models of project complexity do not
suffice for an overall definition of project complexity.
However, these models provide a base for identifying
complexity measures particularly for infrastructure
projects in the context of Indian construction industry.

Given the fact that project complexity is hard to be
quantified precisely, many researchers focus on
identifying factors/aspects relating to the project
complexity while others focus on identifying specific
variables and rating systems to quantify the project
complexity. For example, in [39], the author classified
construction projects based on scale of complexity into
three categories of normal, complex, and singular.
Classification is done on the basis of ten groups of
variables and each variable is quantified on a 10-point
Likert scale, and the average rating is then calculated to
obtain the complexity category. However, no weights
have been provided for these variables according to their

relative importance. In [7], the author on the other hand
worked on a construction complexity index (CCI) using
ten variables that define the project complexity. The CCl is
calculated as the sum of products of weight coefficients
and complexity rating scores which are calculated using
factor analysis and cluster analysis respectively, carried
out with respect to an opinion survey. This is a robust
model; however, it only focuses on measuring the
complexity of the construction process only and does not
focus on entire or all phases of project and also limits the
study to building projects only. The model, however, does
provide a working methodology for quantifying
complexity in different project types carried out in
different geographies. Researchers [13] further this
methodology by presenting a complexity index consisting
of six key measures of complexity for building projects in
China. They use a three-round Delphi questionnaire
survey for identifying key parameters and based on their
relative importance and weightages, they calculate an
index for quantifying complexity under each parameter.
However, the study is restricted to building projects in
PRC only. Therefore, it would not be appropriate to use
the same variables for construction projects in India.

It can be concluded that there is no consensus on the
identification of complexity measures for construction
projects. Researchers assess the project complexity from
different perspectives. The identified measures include
not only specific characteristics of construction projects
but also conceptual aspects relating to the theory of
complex system. Furthermore, considering that the
complexity in this study is defined as the degrees of
difficulty when delivering projects, the complexity
measures would vary in different geographical locations
due to their unique market conditions. Therefore, in order
to meet our objectives, it was evident that any new
proposed framework must have specific measures or
determinants that usually come across in a project and
could be easily identified and quantified by a regular
project manager. The determinants must further be able to
be grouped under different heads for the purpose of
classification of complexity into various components
which again correspond to different aspects of project
management.

4. Proposed Framework of Project Complexity

Having carried out a detailed literature study on issues
related to complexity and analyzing different complexity
models proposed by researchers, the next step involved
listing the measures that could be used to assess
complexity in an infrastructure project. While doing so it
was imperative that all aspects of project complexity are
captured keeping the above mentioned two main
objectives in mind. As a whole, a very large number of
possible project complexity measures can be identified
when structuring a literature review. From among these, a
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set of measures were identified after discussions among
researchers which were objective in nature and
corresponded to the denominations commonly used in
field. The measures listed are presented in Table 1.

The measures were then further classified and grouped
according to the type of complexity they attribute to. This
grouping was carried out through a new model of
complexity wherein overall complexity has been proposed
to be of three main types and each type to be composed of
different components each of which can be evaluated
through measures listed above and grouped under each
such component.

Accordingly, the proposed framework classifies overall
complexity into three main types with each type
composed of different components:

2. Complexity with respect to Context

a. Environmental complexity

b. Social complexity

c. Institutional complexity
3. Complexity with respect to Organization

a. Vertical organizational complexity

b. Horizontal organizational complexity

The primary objective of evaluating complexity under

these three heads is to clearly differentiate between
complexities that are either stemming directly out of the
project and inherent to it or arise as a result of interactions
that the project is going to have with external environment
and stakeholders or those complexities that are not specific
to project but are associated to it on account of the
organizational structure of the project proponent or client
organization.

1. Complexity with respect to Scope
a. Functional Complexity

A summary of these three types is presented in Table 2
below followed by proposed new framework as Figure 1 .

b. Technical complexity

Table 1: Listed Measures of Complexity

S No. | Complexity Determinant Description

1 No. of elements or work More no. of elements in a project or more number of work packages would make a project more complex

packages to deal with due to a large number of interactions between these elements

2 No. of stakeholders If stakeholders are larger in number, it involves more complexity as one has to manage large no of diverse
interests these stakeholders would bring with them.

3 Diversity of Stakeholders | Stakeholders coming from different cultures and different geographical regions are more difficult to
manage as it poses difficulty in understanding mutual concerns.

4 Uncertainty in goals and Uncertainty leads to complexity. Uncertainty in goals might arise due to various stakeholders having

methods different expectations and goals from the project or when the scope is poorly defined.

5 Workspace/Site location Difficult locations or constrained site conditions make a project more complex. Difficult locations would
mean far away locations removed from resources, in difficult terrain, hostile terrains etc. Similarly
constrained workspaces would involve more complexity.

6 Project Duration The Urgency of Schedule or an accelerated schedule makes a project more complex. A project with fast-
track schedule is more complex.

7 Project Size/Scale Bigger projects are usually more complex than the smaller ones

8 Buildability of design To construct the design requires complex procedures and techniques making the project more complex

9 High degree of overlap Overlapping stages of design and construction makes it more complex to manage the project. This can

between design & happen for various reasons like no. of interactions required between the two phases, non-availability of
construction drawings at the right time, close monitoring required for both stages to be in sync etc.

10 Multiplicity of Too many technologies or new unused technologies makes a project more complex. This would include

technologies use of new or advanced equipment and techniques of construction.

11 Non-standard If project requires too many non-standard items, it is more complex than a project which runs on standard

specifications/ BOQ items | items/specifications

12 Environmental Impact Requires high degree of environmental clearances and procedures for mitigation of adverse effects

13 Resources Affected If a project involves affecting too many natural resources and people, it becomes more complex due to
mitigation and rehabilitation processes getting involved which increase the elements and consequently
interactions between these elements to be managed.

14 Interaction with Negative interactions with public/surroundings make it more complex to handle a project as interactions

surroundings now fall outside the regular or envisaged scope of the project.

15 Geopolitical Factors Adverse geopolitical factors make a project more complex. This includes projects coming up in politically
unstable locations, disturbing territories, violence prone areas etc.

16 No. of approvals or Too many and varied approvals required for project make it more complex to handle

permits

17 No. and variety of sources | More number and different types of funding make a project more complex from a financial perspective.

of funds

18 Unstable laws/ policies High probability of frequently changing laws or policies related to a project make a project more complex

19 Conflicting Laws Laws or policies not conducive to project execution make it more complex, for example, too many
restrictions on methods of disposal of waste, methods of construction etc.

20 No. of departments More departments mean more interactions hence more complexity.

within a client
organization
21 Reporting Structure Complex and a long reporting structure delays decision making and hence is more complex to deal with.
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22 Roles/Tasks with no Roles or tasks without precedence or known procedure can cause a high degree of organizational
known procedure complexity
23 Variety of MI Systems Too many and varied management information systems are more complex to deal with.
Table 2: Summary of types of Complexity
Complexity Definition Objective Details

With respect to Scope Complexities associated with
the project’s deliverables and
the work required to create

those deliverables.

To have a measure of complexity which is
inherent to the project due to its structure so
that interventions required for mitigating its
effects are identified

It includes aspects like basic structure of
project, project size and scale, execution
methodology, technologies used etc

With respect to Context Complexities arising out of
interactions of project with its
environment in a specific

context factors.

To have a measure of complexity that arises
due to external factors affecting project and
also management actions in response to such

It includes aspect like environmental impact,
geopolitical factors, effect on
resources/populations, interactions with
statutory and other bodies

organizational structure of
project organization

With respect to Organization | Complexities arising out of the | To identify and optimize the organizational
structure for the project so that organizational
differentiation is minimized.

This is characterized by depth of hierarchical
and reporting structure and Number of
departments or formal organizational units
across organization

Project
Complexity

Organizational

Contextual

[
Functional Technical Environmental

-Intricacy in
buildability of
design

-No. of elements/
work packages

| I—I—l

Institutional Vertical Horizontal

-No. of

Social

-No. & diversity
of stakeholders
-Uncertainty in
goals & methods

-Work Space/Site

-High degree of
overlap between
design & const.
-Multiplicity of

-Impact on
environment
-No. of Resources

-Geopolitical
factors
-Relation with

-No. of Sources of
funding, Variety
of funding

-No. of approvals

-Roles/Tasks with
no known
procedure

-Long reporting

departments
involved within
organization
-Project team

technologies, affected
Untried

technology

-Standard Vs

Non-standard

specs.

location

size: No. of teams
and team
members
-Diversity of staff

structure
-Variety of M|
systems

/permits
-Changeable/
Conflicting laws

neighbourhood/s
urrounding

Figure 1: Proposed framework for evaluating project complexity

4.1. Survey Design

The methodology adopted in this research is based on
the work done by researchers [13] who used three rounds
of Delphi survey to finally calculate a complexity index for
building projects in China. The Delphi Process is a unique
method of eliciting and refining group judgment, based on
the rationale that two heads are better than one when exact
knowledge is not available [40]. It has proven over the
years to be a very popular tool for framework building,
forecasting, issues prioritizing, decision-making, etc. [41].
The Delphi method is used in this study as it is designed
to obtain the most reliable consensus from a panel of
experts basis several rounds of questionnaires with each
subsequent round supplemented by controlled feedback
[13].

As a first step of Delphi method, an expert panel was
chosen for responding to the questionnaire. As suggested
by researchers in [41] the experts selected should have
enough knowledge and experience, willingness and time
to take part in the survey, and good communication skills.
Based on these features, a panel of 20 experts was selected
to perform Delphi process, 18 of them belonging to
construction industry while as 02 of them being
academicians in the field of construction projects
management. 5 out of 18 industry Practitioners were
visiting academic faculty teaching construction projects
management. The selected experts represent a wide
spectrum of construction professionals and provide a
balanced view for the Delphi study. All the experts have
sufficient experience and expertise in building projects.
Figure 2 depicts the details of the experience of the experts

WWW.jenrs.com

Journal of Engineering Research and Sciences, 1(5): 198-212, 2022 203



http://www.jenrs.com/

@3 JENRS

A. Moza et al., Evaluating Project Complexity in Construction

in construction industry, number of projects handled by
them and their role in the construction industry.

Fifty-Eight percent (58%) of the panel members had
experience of more than 15 years in construction industry
while as 26% of respondents had an experience of 5-15
years. Only 16% had less than 5 years’ experience in
construction industry. Almost all the respondents had
acceptable backgrounds and experience in construction
projects.

Thirty-seven percent (37%) of the respondents were
either the owners or clients of the projects. These included
public bodies like CPWD, PWD, DDA and other public
sector units. More than half of the panel of respondents
were consultants or architects. Almost 50% of these were
both consultants as well as academicians and thus were
very well versed with nuances of construction projects.

Experience

M Less than 5
years

5-15 years

Role in Construction Industry

H Client

No. of projects handled

M Less than 5
projects

Figure 2: Details of experts selected for Delphi survey

The balance 2% of the respondents were academicians
who specialized in field of construction and project
management.

Because of the purpose of this research, the number of
completed projects is more important than the number of
years a respondent has worked. 70% of the experts had
participated in more than 5 projects and out of these 50%
had carried out more than 15 projects.

The questionnaire besides recording the personal
details of experts as described above, also had a section
where in all 23 measures classified into 7 groups were
presented to experts with a brief description for each
measure. Respondents expressed their opinion on the
importance level of each measure on a five-point Likert

scale under categories of “1” means not important at all,
“2” means little important, “3” means moderately
important, “4” means very important, and “5” means
extremely important. For measures to be important from a
respondent’s perception means that the importance level
should be significantly higher than three. Also, an
applicable measure with mean value should be higher
than three for it to be included in the framework.

4.2. Survey -Results & Analysis

The purpose of the first round of the questionnaire
survey was to finalize the list of measures of complexity
and also begin the process of building consensus among
the experts. A list of 23 complexity determinants or
measures were provided to experts in the form of a
questionnaire, and they were required to record their
responses against each one as per the scale explained
above and were also asked to provide any other measure
along with its importance on liker scale, which they felt
was necessary for inclusion in the framework. In all 19 out
of 20 experts selected for the panel returned their
responses. In this research, the mean score of 3.0 was
adopted as a cut-off point. Only the measure regarded as
‘Important’ remains for the re-evaluation in round 2.
Table 3 below shows the results of round 1 of the Delphi
questionnaire survey.

Table 3: Results of round 1 of survey

Determinants N |Mean S,t d', Mean Rank
Deviation| Ranks

No. of elements 19 | 4.05 621 14.63| 4
No. of stakeholders 19 | 4.26 .653 16.00] 2
Diversity of stakeholders 19 | 3.79 .535 12.11) 13
Uncertainty in goals & methods | 19 | 442 .769 17.24| 1
Workspace/Site location 19 | 3.84 .898 12.63| 10
Urgency of schedule 19 | 347 .905 10.03| 20
Project size/scale 19 | 3.16 .688 7.61| 23
Buildability of design 19 | 3.89 .658 12.95| 7
?;gsrtee of overlap design & 19 [379| 631 | 1266/ 9
Multiplicity of technologies 19 | 3.74 991 12.50] 11
Non-standard specifications 19 | 353 .964 10.66| 18
Impact on environment 19 | 3.58 1.071 10.82| 17
No. of resources affected 19 | 3.63 .895 11.21] 15
Interaction with surroundings | 19 | 3.21 1.084 7.87| 21
Geopolitical factors 19 | 4.00 .882 14.00] 5
No. of approvals 19 [ 316 | 1.068 7.76| 22
No. of sources of funds 19 | 3.74 733 11.45| 14
Unstable laws/policies 19 | 3.84 .688 12.74| 8
Conflicting laws 19 | 3.84 .688 13.00] 6
No. of departments 19 | 3.63 .831 11.11] 16
Reporting structure of client org| 19 | 3.58 .607 10.13| 19
Tasks/roles with no known 19 | a11 567 1a74| 3
procedure

Variety of MI systems 19 | 3.74 .806 12.18| 12

Based on results in table 4-3, it can be observed that lowest
average score against a determinant is 3.16 for ‘No. of
approvals’ and ‘project size/scale’ which is still slightly
above the cut off score of 3.0. Therefore, all of the twenty-
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three determinants were carried to the second round of
the survey for re-evaluation.

Though mean standard deviation of all the responses is
0.7 which is moderately high, standard deviations of
many responses are quite high, in a few cases going well
beyond 1.0. This indicates that an acceptable consensus
has not been achieved. This is confirmed by a low value
of 0.161 of Kendall's Coefficient of Concordance (W)
calculated with the aid of the SPSS software.

Therefore, a second round of survey was carried out
for allowing the respondents to re-evaluate their ratings
on the basis of consolidated results of round one with the
aim of building a reliable consensus.

In the second round of the Delphi survey, the experts
were asked to re-assess their ratings. For this purpose, they
were provided a copy of the consolidated results of the
first round of survey along with their individual ratings.
The consolidated results included median ratings and
standard deviations of each determinant. It also presented
percentage responses received against each rating for a
particular determinant. The purpose of providing these
details was to provide the experts with enough data to
assess their ratings vis-a-vis the entire panel.

Finally, all 19 experts returned back the second-round
questionnaire. Most of the experts had reconsidered their
ratings and had accordingly made adjustments in their
ratings. From the results it was observed that two
determinants had got an average value less than the cut-
off score of 3 meaning that they are not considered
important in determining the complexity of a project. The
two determinants are ‘interaction with surroundings” and
approvals. Consequently,
determinants are dropped from the list of determinants for
further analysis.

‘number of these two

Furthermore, it is also observed that these two
determinants had received very low ranks in the round 1
survey and had only one determinant ranked below them.

After these two determinants were removed from the
data, further statistical analysis was carried out to find out
the mean ranks and the weightage of each determinant.
Mean Ranks have been used instead of statistical averages
because the rating scale is not a purely equal interval scale
and hence doesn’t justify usage of the averages for
calculating weights.

On the basis of ratings provided by experts, mean
ranks were calculated using SPSS software. Based on the
mean ranks so calculated, similar to [13] the weightages of
each determinant were computed.

Table 4-4 consolidates the results of the 2nd round of
the survey. It can be observed that when compared to the
results of round 1 survey, all the standard deviations have

reduced and are now less than 1. The mean standard
deviations too are calculated for the entire framework and
found to be 0.56 which is lower than 0.7 obtained after the
first round of survey. This indicates that a reasonable
consensus has been achieved.

Table 4: Consolidated results of second round of survey

Std.

Complexity Determinant Rit‘ilﬁg D‘eviat II:/; :;(r; Weight | Rank
ion
No. of elements 4.05 405 | 13.05 | 0.057 5
No. of stakeholders 4.42 507 | 15.79 | 0.068 2
Diversity of stakeholders 3.79 | 419 | 10.58 | 0.046 11
Uncertainty in goals & 468 | 478 | 1808 | 0.078 | 1
methods
Workspace/Site location 3.79 713 | 1042 | 0.045 14
Urgency of schedule 3.58 | .607 | 8.89 | 0.039 18
Project size/scale 3.11 459 4.61 0.020 21
Buildability of design 3.89 | .567 | 11.63 | 0.050 7
Degree of overlap design& | 379 | 419 | 1076 | 0.047 | 10
construction

Multiplicity of technologies | 3.79 | .787 | 10.50 | 0.045 13
Non-standard specifications | 3.89 | .658 | 11.82 | 0.051 6

Impact on environment 353 | .697 | 8.08 | 0.035 20
No. of resources affected 358 | .692 | 892 | 0.039 17
Geopolitical factors 411 .658 | 13.24 | 0.057 4
No. of sources of funds 3.58 | 507 | 847 | 0.037 19
Unstable laws/policies 3.89 | .459 | 11.53 | 0.050 8
Conflicting laws 3.79 | .631 | 10.55 | 0.046 12
No. of departments 374 | 733 | 9.92 | 0.043 15
Reporting structure of client 363 | 496 | 926 | 0.040 16
org

Tasks/roles with no known 416 501 | 1382 | 0.060 3
procedure

Variety of MI systems 3.84 | .501 | 11.08 | 0.048 9

To verify this and to find out the degree of variance in
the rankings, Kendal’s coefficient of concordance is once
again calculated and is found to be 0.291. The value of
coefficient of concordance obtained is not substantial, but
when compared to the result of first round, the value has
almost doubled. This means that a reasonable consensus
has been built up. Also, a low value of coefficient can be
attributed to the fact that experts were asked to rate each
determinant on a rating scale of 1 to 5 and were not
required to rank the determinants directly. The rankings
were calculated based on these ratings. Consequently,
what it means is that the experts believe that some of the
determinants are equally important in the evaluation of
complexity of a project. This is corroborated by the fact
that many determinants have values of mean ranks very
close to each other. The presence of a rating scale allowed
them to do so. Had they been required to rank each
determinant from 1 to 23, it would have been unlikely that
two or more determinants would have same mean ranks
which would have resulted in a far improved value of the
coefficient of concordance.

From Table 4 it can be observed that only five
determinants have average scores above 4 which means
that respondent experts feel that these five are extremely
important in evaluating complexity. Furthermore, all
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three complexity types of Scope, Contextual and
Organizational in these top five
determinants. ‘Uncertainty in goals and methods’ has
been ranked as the highest determinant of complexity
followed by ‘number of stakeholders involved’. Both of
these determinants have their genesis in complexity
related to Scope. Though they are ranked as top two, there
is no significant correlation between the two as suggested
by a low value of coefficient of correlation (0.2) between

are represented

In order to understand better the relationships between
the identified project complexity factors, a correlation
analysis has been performed by calculating Spearman
Rank correlation coefficient. The aim is to check for
possible existing correlations between factors in the
answers of the experts.

The correlations above critical values of the Spearman
Rank for the value of 19 pairs have been highlighted in

the two.

Figure-3.

Di it Uncertai U Degree Multiplici Non ) " No. of No. of | Unstabl Reportin Taslzks/r Variet
No. of | No. of verf5| nity in | Worksp rge?c Project |Buildabil of :I IprCI standar| 2% | resourc Geopolit 0. 0 nsta Conflicti No. of " 9 " (')t:S afn:/"y
element [stakehol| Y ° goals & |ace/Site yo size/sc | ity of |overlap Y o d qn es ical [SOUrces e ntiiet departm strueturjwithno o
stakehol .| schedul . . technol ... | environ of |laws/po|nglaws eof [ known |system
s ders method | location ale design | design . specific affecte | factors o ents )
ders e ogies . ment funds | licies client |prcedur s
s & const ations d org o

No. of elements 1.000[ .169| -.260| .098| -.151| -.156| -.335| -.484°| -.260| .065| .031| -.100| -277[ -226| .123| -228| -170| -.137[ -173| -.035] .051

No. of stakeholders 1.000[ .179| .121] .085| .023| .274| -416| .179] -.063] .101| .409| -011| -132| .511°| .438] .077| .095 -012| .190| .266

Diversity of stakeholders 1.000] .205] .205| -.139| .398| -.086| .050[ -.013] -.061| -.027| .407] .292| .083[ .166] .241| .153| -.127 -.092| .368

Uﬁ;f:;;as'”"y in goals & 1.000( -045( .232| .174| -126| -073| .399| .347| .164| .391| -070| .109| .349| 516°| .022| 420 .201| 484’

Workspace/Site location 1.000| .390| .054| .128| -.308| .256| .536| .360| .5117| .289| .339| .221| .337| .380| -.043| .231| .216

Urgency of schedule 1.000] .194| .219] .111| 513" .332| 625°| .169] .4867| .057| .370| .407[ .001| .353| -.167| -.268

Project size/scale 1.000{ -.173| .398] .391| .260 .341) .319] .348 .192] .316] .270[ .238| .196| .428| .048

Buildability of design 1.000( .129| .047| -.026| -.094| -.118] .025| -.166| -.057| .125| .255| -.146| -.134| -.054

Degree of overiap design & 1.000| .038| -305| -134| -144| -106| .083| .166| .067| .013| .141| -092| -184

Muttiplicity of technologies 1.000| .633°| .210| .088| .142| .292| .195| .399| .246| .385| .233| .026

Non standard specifications 1.000| .438| .370 -.139| .339| .174| .569°| .473°| .154| .431 170

Impact on environment 1.000| .422| .288| -.044| .493°| .548°| .120| -.034| .029| -.134

No. of resources affected 1.000[ .259| -.054) .458° .661°| .189] .022| .347| .421

Geopolitical factors 1.000] -.022| .228| -.087 -.273| .112] -.019| -.143

No. of sources of funds 1.000[ .274| .022| .253] .233| .493"| .379

Unstable law s/policies 1.000| .468°| .183| .056| .322| .168

Conflicting law s 1.000] .537| -.079] .068| .249

No. of departments 1.000{ -.443| .269| .180

Ze;ortlng structure of client 1.000 233 194

Tasks/roles w ith no know n 1.000| 527"
prcedure

Variety of Ml systems 1.000

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Figure 3: Spearman Correlation Analysis

From the correlation analysis, it could be concluded
that the project complexity determinants tend to be
positively correlated with less than 30% of the values
being negatively correlated. However, the average value
of rs2 is equal to 0.16 indicating that the positive
correlations are not very high. Finally, less than 8% of the
values are above the critical value for p <0.05 and less than
1.5% of them are above the critical value for p <0.01, which
means that strong correlations are rare in this case.

Despite the positive correlation being limited among
determinants, there are significant correlations between
some of them. For example, the highest value of r = 0.661
indicates that ‘No. of resources affected” and ‘conflicting
laws’ are significantly positively correlated determinants

in evaluation of overall complexity. Similarly, with r
0.633 ‘multiplicity of technologies’ and ‘non-standard
specifications” are significantly positively correlated and
so are ‘impact on environment’ and “urgency of Schedule’.
It must, however, be noted that these correlations are not
very intuitive and yet are significant at p<0.01. Also,
another important observation that must be made is that

these correlations are significant but not strong because
the value of ‘r" must be above 0.85 for correlations to be
strong. Therefore, in case of fitting this data in a model, it
is valid to assume a linear relationship between the
determinants.

4.3. Complexity Model: Project Complexity Index

Referring to the framework of complexity evaluation
presented in Figure 1, the overall complexity of a project is
divided into three main types which are further composed
of different components which can be directly measured
from the project details.

Therefore, for evaluating the overall complexity of the
project, the component complexity indices are first
evaluated. These component indices are then added, as
per the grouping finalized in proposed framework, to
provide values of each type of complexity which can be
further added to give a consolidated complexity index for
the project. The final refined framework is presented in
Table 4-5.
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Table 5: Final refined framework of project complexity

No. of elements FD1 13.05 0.057
No. of stakeholders FD2 15.79 0.068
Diversity of stakeholders FD3 10.58 0.046
Functional Uncertainty in goals & methods FD4 18.08 0.078
Workspace/Site location FD5 10.42 0.045
Urgency of schedule FD6 8.89 0.039
Size/Scale of Project FD7 4.61 0.020
Buildability of design TD1 11.63 0.050
Degree of overlap design & TD2 10.76 0.047
Technical construction
Multiplicity of technologies TD3 10.50 0.045
Use of non-standard specifications TD4 11.82 0.051
Environmental Impact on environment ED1 8.08 0.035
No. of resources affected ED2 8.92 0.039
Social Presence of adverse geopolitical factors SD1 13.24 0.057
No. and variety of sources of funds ID1 8.47 0.037
L. Likelihood of unstable laws/policies ID2 11.53 0.050
Institutional . . . n
Laws in conflict with a project 1ID3 10.55 0.046
implementation strategy

Number of departments in Client OD1 9.92 0.043

organization/project setup
Long Reporting structure of client OD2 9.26 0.040

Organizational organization
Tasks/roles with no known procedure OD3 13.82 0.060
Variety of Management Information OD4 11.08 0.048
systems

4.3.1.  Component Complexity Indices

Using the weightages from the framework, the
component complexity indices are developed and

presented in following paragraphs.
Functional Complexity Index

Functional Complexity deals with functional aspects of the
scope like project size and scale, stakeholder number and
mix, financial sources and financial mix, uncertainty in
goals and methods, site location etc. The factors within
functional complexity component bring out those aspects of
project management that deal with functional attributes
of a project having their genesis in Scope Management.
The first component complexity index is developed
which can be represented by the following equation

"FCI = 0.057 x SFD1 + 0.068 x SFD2 + 0.046 x
SFD3 + 0.078 x SFD4 + 0.045 x SFD5 + 0.039 x
SFD6 + 0.020 X SFD7"

where

e  FCl represents the Functional Complexity Index
* Sep1 to Sepy represent the scores of functional
complexity determinants.
The above index has been derived on the basis of
assumption that the model is a linear and additive one.
This assumption is confirmed by the correlation analysis
carried out wherein it is apparent that the determinants

are not strongly correlated with each other. Additionally,
it has been the view of many researchers that using non-
linear models is not recommended when the sample size
is not sufficiently large. [42]

Also, from the above equation, it is observed that the
complexity index is defined by two main components: the
weight coefficient of a determinant and the score of a
determinant. The score of a determinant can be obtained
on the basis of values of a determinant for an individual
project. The methodology for obtaining these scores can
be decided by the project organization or the project
manager. For example, a rating system may be developed
by an organization for determining the scores against
complexity determinants to be used in all its projects.

Technical Complexity Index

Technical Complexity deals with technical aspects of scope
like a number and mix of technologies used in both
machines as well as methods, constructability of design,
nature of specifications, contract delivery mechanism etc.
The factors within this component of complexity
essentially cover operations, that is, equipping and
sequencing of activities, characteristics of materials and
characteristics of knowledge. All of these three aspects
have their genesis again within the scope management
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Similar to procedure above, second component

complexity index is developed and is represented by
following equation

TCI=0.050xS1D1+0.047%STD2+0.045% STD3+0.051%STD4
where

®  TClI represents the Technical Complexity Index
* Sm to Sros represent the scores of technical
complexity determinants mentioned in the
framework.
Based on the procedure illustrated above, all other
component complexity indices are developed and are
presented as following equations

Environmental Complexity Index
ECI=0.035xSED1+0.039%SED2
Social Complexity Index
SCI=0.050xSsp1
Institutional Complexity Index
ICI=0.037xS101+0.050xS102+0.046xS13
Organizational Complexity Index
OCI=0.043xS0p1+0.040xS0D2+0.060xSons+0.048xSop4

The overall complexity index for a project is calculated
by adding the component complexity indices which are
obtained by applying the method explained in preceding
section.

Therefore, overall project complexity is calculated as
per following equation

PCI = FCI + TCI + ECI + SCI + ICI + OCI
Where

PCI represents the Project Complexity Index and FCI,
TCI, ECI, SCI, ICI and OCI represent individual
component indices.

Also, from the above equation for overall complexity,
complexity with respect to Scope can be determined as

Complexity with respect to scope = FCI + TCL

Similarly, Complexity with respect to Context =
ECI+SCI+ICI and Complexity with respect to
Organization = OCI

4.4. Evaluating Determinant Scores and Complexity Indices

The mathematical equations representing the model
are simple linear equations containing constants and
variables. Constants are the weightages obtained on the
basis of the Delphi study results while variables are the
complexity determinant scores explained earlier.

In order to evaluate the component complexity and the
overall complexity, determinant scores need to be
determined for a particular project. These determinant
scores can be evaluated for each project as per procedures
typical and suitable to a particular organization. For
example, every organization may have a different
benchmark on the number of stakeholders beyond which
they may feel project becomes complex to handle. This is
true for all the determinants that make up this model.
However, in order to demonstrate the application of the
model, a procedure for obtaining this score for a project is
illustrated. This procedure may be adopted by any
organization for their projects in the initial period of
application of the model. When sufficient data has been
collected on several projects handled, organizations can
use scientific methods to find out and benchmark
maximum values of component complexities for their
organizations.

The procedure is based on the methodology proposed
in an earlier study of modelling complexity [17] and
consists in framing a questionnaire for project managers to
respond for their respective project, for which complexity
needs to be determined. The methodology involves posing
a set of questions in a number of phases, minimum two.
Phase-1 poses a series of questions relating to the project
which have been formulated based upon the project
complexity determinants that have been identified and
finalized through the research. The questionnaire, format
conceived by researcher [17] in her research, contains 19
questions pertaining to each determinant in the model.
The user of the model must score each determinant
between 0 and 10. The question should be scored zero if it
has no significance or does not apply to the project. A low
number should be scored for lower impact of that
determinant on complexity, with the score increasing
towards 10 based upon the magnitude of impact the
determinant has on that complexity. The questions are
also provided with ‘cues’ to guide the user in filling the
scores. The ‘cues’ provide information of what that
determinant encompasses and points the user towards
various aspects that particular determinant is supposed to
capture.

The project complexity is then calculated using the
model equation. This is called the ‘baseline’ calculation
and should be preferably carried out immediately after
project brief is ready and one has all the information
related to project in hand. The outcome of Phase 1 is the
baseline component complexity figures and highlights the
areas which need improving in order to reduce the project
complexity.

In Phase-2 a new series of questions are posed relating
only to the areas which need improving. These are scored
in the same way as the original questions in Phase-1 so that
the project complexity can be recalculated. However, stage
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two questionnaire can be used effectively only if the target
maximum level of component complexities are known
and established. If target values are not established, it will
only provide relative values of complexity for comparison
with baseline values, for a particular project. Since the
scope of this study is limited to demonstrate the
application of model to a particular project at the
beginning, the application of phase 2 calculations shall not
be covered because due to limited time available for
completing this study, it will be difficult to match the
progress of the study with a project which is at a
preliminary stage of life cycle and then follow as the
project moves along.

The whole evaluation process works in the following
way:

* Baseline evaluation process determines if the
project complexity is at an acceptable level. It is so if all of
the component indices score below the target maximum
established and the identified complexity can be managed
asitis.

e If any of the component complexity indexes is
higher than the target maximum, additional information
and intervention in terms of strategy is required and
therefore phase two of questions must be completed.

® The phase two questions specifically target the
areas which have a higher than recommended project
complexity value.

e When the stage two questions have been
completed, the project complexity calculation and
evaluation process is repeated,

¢ If the project complexity for all of the component
complexities is now below the target maximum, the
project complexity can be managed.

¢ If some components are still scoring above the
recommended maximum, the phase two questions,
calculation and evaluation must be repeated until all of the
indices are within the acceptable limits.

5. Testing of Model: Case Studies

In order to test the model and the methodology of
applying it described in section 4.4 above, two case
studies were analyzed. Since target scores couldn’t be
made available for the case studies, as an initial exercise,
only baseline scores are being determined. Therefore, to
have some meaningful comparisons, case studies selected
are of similar projects. It may, however, be noted that the
model can be applied to any project in any situation. After
obtaining the details of both the projects, the project heads
of both the projects were asked to fill the baseline sheet
for their respective projects. While doing these they were
urged to consider the initial conditions at the beginning
of the project life cycle. The overview of the case studies

and the model application analysis is provided in the
following paragraphs

5.1. Case Study 1: International Airport at Chandigarh
Background

The ambitious ¥900-crore project was conceived as a
joint venture between Airports Authority of India (AAI)
and the governments of Punjab and Haryana. Designed on
the green building concept, the terminal in Mohali
(Punjab) is spread over 53,000 sq.m and can handle 1,600
passengers, including 450 international travellers, during
peak time

The project had several features that could make the
planning for the project complex. First of all, the design of
the terminal building was based on green concept, which
was a first in the country. Consequently, new technologies
were also envisaged in the construction of building as well
as allied facilities. This was a planning challenge for the
project proponents as many of these initiatives were new
for them.

Two of the three major stakeholders of the project had
a lot of differences among themselves which led to
uncertainty in the naming of the project. The project team
had to ensure coordination between these two primary
and sensitive stakeholders. Thus, from the point of view of
stakeholder management, the project had a different type
of complexity.

On the basis of the data related to project, the
determinant scores provided by the project proponents in
the baseline sheets as ratings on a scale of 0 to 10 were
entered in the model after dividing the ratings by 10. This
was done to normalize the scores to a 1/10th scale and was
necessary because the overall complexity index is a score
between 0 and 1. In order to maintain the complexity score
in this range, it is necessary to reduce the ratings in
baseline sheet to a similar scale. Figure 6 presents an
overview of the results of the baseline phase.

Component Complexity Scores-Project 1
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Complexity | Complexity | Complexity | Complexity | Complexity | Complexity
Index Index Index Index Index Index

W Score 0252 0.115 0.048 0.029 0.054 0.095
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Figure 4: Phase -1 score of Project No 1

The overall project complexity index determined as a
sum of component complexities works outs to be 0.593.
Corresponding complexity types are as follows:
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Complexity with respect scope = 0.368

Complexity with respect to context =0.131

Complexity with respect to organization = 0.095

The results from the baseline phase show that the
functional complexity has the maximum value among all
and accounts for almost 43% of the total complexity in the
project. This is in line with what one could have intuitively
guessed from the details of the project as it was evident
that most of the complexity must lie with respect to scope
of the project, both in function and technical aspects. The
project involved a number of new technologies and
processes, had diverse and very sensitive stakeholders,
had a lot of uncertainty in terms of final goals of the project
due to sparring between two major stakeholders etc. and
all these were bound to add to the respective complexities.

Even though the bare or absolute numbers in absence
of benchmarks or target values do not provide many
insights as to which areas need immediate attention, the
indices still provide a relative scale of importance of areas
that need more focused attention. Over some time, as
already described in preceding paragraphs, this model can
become a knowledge-based system so that appropriate
benchmarks are available to compare the values.

5.2. Case Study 2: New Airport at Ajmer

The proposed project involves development of
domestic airport spread over an area of 283 hectare which
is to be constructed after the dismantling of existing
airstrip which is not in working condition. The proposed
project is located at a distance of 2km from Kishangarh
towards the northwest direction.

The estimated cost of the project is 3161 crores and was
to be constructed in 36 months. The development plan
includes 16 different work packages.

The project is a green-field airport project and does not
involve too many technological innovations and is a
general type of airport project for the project proponents
who deal with airports projects extensively. Therefore,
complexities with respect to scope are expected to be at
reasonable levels. However, the project land acquisition
has been a major problem due to the displacement of local
population. As a result, the project had been going on
getting delayed. This would mean that the value of
contextual complexity ought to be more for this project
and the same should be highlighted by the model.

Following the procedure similar to the one followed for
case study 1, on the basis of the data related to project, the
determinant scores provided by the project proponents in
the baseline sheets as ratings on a scale of 0 to 10 were
entered in the model after dividing the ratings by 10. This
was done to normalize the scores to a 1/10th scale and was
necessary because the overall complexity index is a score
between 0 and 1. In order to maintain the complexity score
in this range, it is necessary to reduce the ratings in

baseline sheet to a similar scale. Figure 7 presents an
overview of the results of the baseline phase for this case
study.

The overall project complexity index determined as a
sum of component complexities is determined to be 0.383
and corresponding complexity types are as follows:

Complexity with respect scope = 0.200
Complexity with respect to context = 0.120
Complexity with respect to organization = 0.063
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Figure 5: Baseline score of Project 2

These results show that though the functional and
technical complexity is lower as compared to project 1,
they are still high as compared to other complexity
components within this project. The complexity with
respect to scope thus, is close to 0.2 which again accounts
for around 40% of the total complexity of the project.
Similarly, as anticipated, the environmental and social
scores of this project are much higher than the project 1
and they account for more than 30% of the total
complexity of the project. What appears to be slightly
against intuition is that this value of complexity ought to
have been the highest in this case as can be gathered from
the project details. Instead scope complexity is yet again a
major component of total complexity which was not
expected given that project did not entail any new
technologies or complex procedures. However, the reason
for this becomes apparent on studying the baseline data
sheet in which determinant scores against No. of elements,
no. of stakeholders and urgency of schedule determinants
are the highest. This indicates that the functional
complexity is increasing on account of some different
factors which are not immediately apparent from the
general data usually available. Thus, it shows that the
results from the model are robust and present a picture of
complexity taking into account underlying factors too
which are not apparent otherwise.

Itis being again reiterated that the implications and the
full potential of the model can only be realized when target
scores are benchmarked so that phase 2 questions can be
used to bring down the complexity values to target limits
in case they are exceeding them. However, at the same
time, it is clearly seen from the results of above two case
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studies that the model is capable of evaluating
complexities across projects. It enables one to compare the
projects across on complexity scale and will also be able to
compare the same project for complexity score before and
after interventions for improvements are made.

Therefore, it can be concluded that the model is robust
and can be used to provide demonstrable results. The
authors declare no conflict of interest.

6. Conclusion

This study tried to focus on identifying key parameters
that can be used by industrial practitioners to measure the
complexity of projects in the construction sector of India
and using these determinants propose a model for
evaluating the complexity quantitatively.

A number of factors affecting complexity in a project
were identified from the literature. It was proposed that
the entire complexity of a project can be attributed mainly
to three types. One with respect to scope, second with
respect to context and third with respect to Organization.
These three types of complexities were further proposed
to be composed of different components which formed the
basic components of overall complexity too. The number
of factors identified from literature were then grouped
under each such component and were called the
determinants of that component of complexity. Thus, an
initial framework of complexity evaluation was proposed
which
complexity grouped under seven components which were
further organized under three main types of complexities
explained above.

consisted of twenty-three determinants of

To have the framework validated through experts in
projects a consensus building exercise was carried out
through a Delphi Study. All 23 determinants were framed
in the form of a questionnaire and were given to experts
for rating each one of them on an importance scale of 1 to
5. The final analysis of results of the Delphi study resulted
in a reduction of the number of determinants from 23 to
21. Further, using the results of the Delphi study, the mean
ranks of determinants were calculated in SPSS and the
corresponding weightage of each determinant in the
overall framework of complexity evaluation was
determined. Thus, a final framework of evaluation of
complexity was proposed.

Using this framework, a model for evaluating the
overall complexity of a project using a single index was
derived and presented in a form of an equation and was
called Project Complexity Index. The project complexity
index was determined as a sum of individual component
complexities which were in turn derived in the form of
equations from the final framework.

This index could be used for any project in India for
obtaining a single score which could be used for

determining its complexity. The index may also be used
for comparing two projects and can assist organizations in
setting target maximum component complexities that can
be handled and shall also highlight the areas that need
interventions to reduce that particular complexity with the
purpose of managing this complexity in a better way.

In order to demonstrate the application of this
framework in the Indian construction sector, two case
studies of similar public infrastructure projects were
examined. Using a set of questions, quantifiable values
were obtained for each determinant of complexity.

Finally using the component complexity indices
equations, component complexities were determined
which were further added to determine the overall
complexity of the project which clearly indicated that on
an overall basis project 1 was more complex to handle than
project 2 and thus needed specific interventions to manage
this complexity. The model made it possible to evaluate
the complexity as well as compare two projects against
each component of complexity thereby indicating that the
framework was robust.

7. Limitations and Future Research

This study proposed a simple model for evaluating
complexity in a construction project in Indian context. The
model is a result of the combination between practical
construction industry experts’ and academic experts’
points of view. The model provides a great deal of
flexibility by which it can be modified to suit the
individual requirements of each organization as the
method of determining the scores of determinants can be
decided by individual organizations based on their
internal procedures and processes.

At the same time the study can further be improved to
mitigate the following limitations:

*  The model can be used more effectively if target
maximum values of overall complexity as well as
complexities of various types are established and
benchmarked. Methodology for carrying out such a
benchmarking was not in the scope of this study and may
be taken up further.

e The
demonstrated on a limited number of case studies and that
too only for ascertaining the baseline values of complexity
at the initial stage of project lifecycle (for the reasons

application of the model has been

already enumerated in this report at relevant places). More
number of cases studies may be taken up for study to
demonstrate the application of model at various stages of
life cycle of project. The above-mentioned limitations can
be taken up for further research and study.
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