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Abstract  

Supply chain operations of construction industry including road projects in disaster regions 

results in exceeding project budget and timelines. In road construction projects, supply chain with 

poor performance can affect efficiency and completion time of the project. This is also the case of 

the road projects in disaster areas. Disaster areas consider both natural and man-made 

disasters. Few examples of disaster zones are; Pakistan,  Afghanistan, Iraq, Sri Lanka, India, 

Japan, Haiti and many other countries with similar environments. The key factors affecting 

project performance and execution are insecurity, uncertainties in demand and supply, poor 

communication and technology, poor infrastructure, lack of political and government will, 

unmotivated organizational staff, restricted accessibility to construction materials, legal hitches, 

multiple challenges of hiring labour force and exponential construction rates due to high risk 

environment along with multiple other factors. The managers at all tiers are facing challenges of 

overrunning time and budget of supply chain operations during planning as well as execution 

phase of development projects. 

The aim of research is to develop a Multiple Linear Regression Model (MLRM) and a Rule Based 

Decision Support System by incorporating various factors affecting supply chain management of 

road projects in disaster areas in the order of importance. This knowledge base (KB)  

(importance / coefficient of each factor) will assist infrastructure managers (road projects) and 

practitioners in disaster regions in decision making to minimize the effect of each factor which will 

further help them in project improvement. Conduct of Literature Review in the fields of disaster 

areas, supply chain operational environments of road project, statistical techniques, Artificial 

Intelligence (AI) and types of research approaches has provided deep insights to the 

researchers. An initial questionnaire was developed and distributed amongst participants as pilot 

�S�U�R�M�H�F�W���D�Q�G���F�R�Q�V�H�T�X�H�Q�W�O�\���U�H�V�X�O�W�V���Z�H�U�H���D�Q�D�O�\�V�H�G�����7�K�H���U�H�V�X�O�W�V�¶���D�Q�D�O�\�V�L�V���H�Q�D�E�O�H�G���W�K�H���U�H�Vearcher to 

extract key variables impacting supply chain performance of road project. The results of 

questionnaire analysis will facilitate development of Multiple Linear Regression Model, which will 

eventually be verified and validated with real data from actual environments. The development of 

Multiple Linear Regression Model and Rule Based Decision Support System incorporating all 

factors which affect supply chain performance of road projects in disastrous regions is the most 

vital contribution to the research. The significance and novelty of this research is the 

methodology developed that is the integration of those different methods which will be employed 

to measure the SCM performance of road projects in disaster areas.  

Keywords : Supply Chain Management, Supply Chain Performance, Multiple Linear 

Regression Model (MLRM), Rule Based Decision Support System (RBDSS), 

Artificial Intelligence (AI), Fuzzy Logic, Knowledge Based (KB) System and 

Project Performance 
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CHAPTER 1 

Introduction  

1.1 Background of the  Research Study  

Historically, calamities / catastrophic both natural and human induced have triggered 

massive human and economic losses in construction industry primarily due to weak 

logistics in the ambit of supply chain management (Wang, 2004). Natural disasters like 

(Hernan, 2010): earthquake of Haiti in 2010 which led to more than 200,000 deaths and 

2.1 million homeless and 3.2 million in need of emergent aid;  Cyclone Nargis in Indian 

Ocean in 2008 caused 85000 deaths and more than 55000 missing at Myanmar; 

earthquake of Pakistan in year 2005 resulted in 85000 death casualties and more than 

105000 injuries; Hurricane Katrina in United States of America caused property damage 

of $85 billion; Indian Ocean earthquake in year 2005 (affecting Indonesia, Sri Lanka, 

Thailand and south India) caused death toll of 350000  (Brunsma et al., 2008);  volcano 

eruption in Tolima in 1985 caused 55000 deaths; and earthquake in China in 1976 

caused 250000 deaths and 175000 injuries (Eshghi et al., 2008). Man-made disasters 

like conflict of Rwanda in year 1994 raised death toll to one million people, civil disorder 

in Burundi killed over 300,000 people, civil unrest of Liberia resulted into 500,000 

causalities and led to mass migrations. The politically turbulent regions of Guinea forced 

internal displacement of over two million people (Hammes, 2007). Congo witnessed 

three million deaths and displacement of over four million citizens during emergencies 

imposed in the country in different eras (Coghlan et al., 2006). Lastly, more than 50,000 

people lost their lives and the struggle continues up till  now in tribal region of Islamic 

republic of Pakistan (Ramasamy et al., 2009).  

The researchers and analysts in public and private sector has identified weak key 

performance indicators (KPIs) of SCM of development ventures being implemented in 
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disaster areas of the world with similar conditions. These KPIs are weak because they 

are not selected or defined appropriately. Well managed logistic is important in improving 

productivity of the road projects. Supply chain management domain includes logistics 

activities like providing the project teams the correct material, at correct site and within 

stipulated time (Thomas et al., 1996). Disasters has negatively impacted the economy 

and caused substantial losses to the supply chain management of road projects due to 

uncertain environment (Assaf et al., 2006). The hierarchy in public and private sectors 

associated with supply chain of road projects in these regions confront challenges of 

untimely provision of supplies, material mismanagement, uneven distribution and 

interrupted flow of information which results in overshooting time, unmet deadlines, 

overrunning budgets in the implementation cycle of infrastructure development projects 

(Pheng et al., 2006). The major reasons remained environmental uncertainties due to 

disasters including criminal acts, uncertainties in demand and supply, repulsive trend of 

local population, socio-economic deprivations, sectarian violence, undue interference of 

politicians, drug mafia, long and over stretched logistic support, defence and security 

underpinnings, rugged topography, non-existence of infrastructure, locals norms and 

culture in specified areas, lack of skilled human resource, difficulty in transporting plants 

and machinery, uncertain situations, hostile attitude of locals towards allied contractors, 

limited working hours and operating in hinterland away from base camps (Shahriari, 

2004) which resulted in inefficient transfer of goods / material from source of supply 

through manufacture place to project site.   

The supply chain and project managers need to consider all above mentioned factors 

before planning road construction projects in disaster regions. The effect of these factors 

on performance of supply chain also varies with the severity of disaster which depends 

upon the judgment of planners and practitioners. The detailed analysis will help in 

identifying the effects of each factor on SCM of road construction projects. In this regard, 
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a Multiple Linear Regression Model (MLRM), also known as an Applied Multivariate 

Statistical Model (AMSM),  will be formulated by using Statistical Package for Social 

Sciences (SPSS) that will asses and improve the components of SCM thereby improving 

construction industry performance in road projects. In parallel, expert systems using 

uncertainty factor will be employed to find out the effects of above factors on supply 

chain performance. In this regard, a expert system will be  will be prepared by using 

Artificial Management (AM) software.  Comparison of both methodologies will carried out 

to check the internal validity of the model. The methodology and model developed for SC 

operations of road projects is applicable to environments in disaster regions including 

natural and human induced. It will be validated with two detailed case studies; 

earthquake transpired in Pakistan in year 2005 (natural disaster) and insurgency in 

Afghanistan (human induced disaster). This model / methodology will help the supply 

chain / project managers to support their decisions with a view to achieve supply chain 

management improvement and also help them to plan their projects better.  

1.2 Aim of  Research  

The aim of the project is to develop a Multiple Linear Regression Model (MLRM) and 

Rule Based Decision Support System (RBDSS) to improve supply chain performance of 

road projects in disaster regions. In this regard, various factors which affect supply chain 

performance of road construction projects will be identified by carrying out detailed 

literature review and will be incorporated in both models. A MLRM will be developed 

through SPSS package. The RBDSS, an expert system, which will be formulated by 

coding in Artificial Management (AM) software. The purpose of both models and 

methodologies is to asses and improve the components of SCM thereby improving 

construction industry performance in road projects. These models will measure the 

influence of factors affecting supply chain performance of road construction in the order 

of dominance. Comparison of both models will be able to carry out the verification. 
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However, validation of model will be carried out by comparing the results with two case 

studies. Both models will be applicable for supply chain performance of road construction 

projects which are being executed in different types of disasters in different disaster 

regions of the world. These models will also help the project / supply chain managers to 

plan supply chain management of road projects in disaster areas during planning phase. 

These will also assist stakeholders to take timely decisions and make corrections where 

necessary during implementation phase. In this way, these approaches will provide a 

systematic way to support improving the performance of the execution of such road 

construction projects.  

1.3 Objectives of Research   

In order to achieve the overall aim of research discussed above, the following research 

objectives have been defined:- 

a. To carry out contemporary literature review about dynamics of disaster areas 

including natural (earthquakes, Tsunami, floods, volcanoes etc) and human 

induced (terrorism and insurgencies) which affect supply chain performance of 

road projects globally. 

b. To carry out the literature review about artificial intelligence with emphasis on 

backward chaining expert system using uncertainty factor. This knowledge will 

help in developing a Rule Based Decision Support System (RBDSS) to assess 

and improve the influence of various factors on supply chain performance of road 

construction projects in disaster regions.    

c. To design and implement survey to collect data and information by developing, 

distributing and analyzing questionnaire using various variables influencing SCM 

of road construction projects obtained from detailed literature review and 

interviews of experts from disaster areas.  
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d. To develop a Multiple Linear Regression Model (MLRM) using SPSS by 

processing and analyzing data received from questionnaire studies and interviews 

(multivariate analysis).  The purpose is to asses and improve the components of 

SCM thereby improving construction industry performance in road projects in 

disaster regions. This model will measure the influence of factors affecting supply 

chain performance of road construction in the order of dominance. 

e. To develop Rule Based Decision Support System (RBDSS) using Artificial 

Management (AM) Software  by developing knowledge rules incorporating various 

factors obtained from detailed literature review. The purpose of this expert system 

is to asses and improves the components of SCM of road construction projects. 

This model will measure the influence of factors affecting supply chain 

performance of road construction in the order of prominence. 

f. To compare the results of Multiple Linear Regression Model (MLRM) with the 

results of Rule Based Decision System (RBDSS) in order to verify both models. 

The results are the effects of various factors on supply chain performance of road 

construction projects in disaster areas in the order of prominence.  

g. To asses and evaluate supply chain performance of road construction projects by 

applying Multiple Linear Regression Model (MLRM) on two case studies (one on 

natural disasters and other on man-made disaster) across the globe to validate 

the model. 

h. To recommend  guidelines for project / supply chain stakeholders to plan and 

improve supply chain management of road construction projects in disaster 

regions in the light of MLRM and RBDSS. 

i. To provide recommendations for future work on MLRM and RBDSS by developing 

Knowledge Based (KB) system which incorporates those factors which have not 

been included. 
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1.4 Research Questions  

The researcher crafted a flurry of research questions to investigate the influences which 

matter SCM of road construction in disastrous regions. The findings of below 

questionnaire will assist this study to identify and characterize variables of SC 

performance:- 

a. What are the causes (factors / variables) of underperforming SCM of road projects 

in disaster regions of the world? This question is related to researching conditions 

contributing towards truncated productivity of supply chain of road projects in 

disastrous regions (linked to objective a). 

b. How the identified variables effect performance (time and cost) of supply chain of 

road projects in catastrophic regions? This question relates to gauge effects 

contributing factors of disaster areas on supply chain improvement (linked to 

objective b, c, d and e). 

c. Are the underperforming causal effects of disaster areas on supply chain 

performance of road projects comparable with other similar constructions which 

are being carried out in the similar environments? This question gauges influence 

of variables affecting SC performance of road projects actually being implemented 

in disaster areas (linked to objective c, d, e, f). 

d. How the improved performance of SCM of road projects be achieved in disastrous 

regions? The aim of this question is to substantially eliminate the effects of 

underlying factors contributing in low productivity using recommended measures 

(linked to objective g and h). 

e. What can be the standard benchmark which can act as leading catalyst in SCM 

related to road projects to plan future projects in disaster areas? The answer to 

this question will contribute in controlling time and cost performance of SCM of 
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road projects. Therefore, it will act like a guide for managers to map SCM of road 

projects in future (linked to objective g, h and i). 

1.5 Theoretical  Research  Framework  

The theoretical outline of the study is given at figure 1.1. It has four important phases. 

Literature review does not offer any single widely adoptable model to assess efficiency of 

supply chain management model of road construction in disastrous regions. Thereby, 

this dissertation not only measures the performance of supply chain of road projects in 

disaster areas, will also suggest methods to improve it by synthesizing descriptive 

explanation of the factors which affect efficiency of supply chain of road projects in these 

areas.  

Figure 1.1: Theoretical Research Framework - Supply Chain Management of Road 

Projects in Disaster Regions 

1.6 Research Methodology  

This study will cover disaster areas, being catastrophe (natural or man-made) as the 

core cause of low productivity of supply chain management. Various regions of the world 

will be subsequently discussed in the study for affecting supply chain management of 

road projects. Pakistan (exclusively FATA), India (specific regions), Iraq, Sri Lanka, and 
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many other countries will be intellectually analysed as relevant case studies. Thereafter, 

the research will analyse already unleashed road projects or currently ongoing. The 

underlying causes of low productivity of supply chain management of road projects will 

be quantified and a strategy to improve the both will be devised. Finally, the researcher 

will develop Multiple Linear Regression Model and Rule Based Decision Support System  

as a decision tool (diagnostic and predictive) to accelerate the  supply chain efficiency of 

the project. 

Elaborate study of literature review has already established objectives of the study. 

Intellectual input of experts in the field and study of specific literature review will add 

specialized knowledge to the research. The researcher will use two sorts of research 

methodologies: qualitative and quantitative both. In qualitative methodology, the research 

will include interviews of experts and insights using confidence / uncertainty factor and 

fuzzy logic (MYCIN approach) by making a program of Rule Based Decision Support 

System. MYCIN is prototypical rule based expert system which is a computer program 

developed in  year 1970.  It is also known as backward chaining expert system which 

identifies its goal and then starts with goals as hypothetical solution and the inference 

engine find evidence to prove it.  The second approach includes data gathering and its 

analysis using a comprehensive questionnaire and software analysis tool. 

The researcher will compare analyzed results received from two approaches and 

determine results (weights). Basing on Literature Review and synthesized / analyzed 

data, a Multiple Linear Regression Model and Rule Based Decision Support System be 

developed. The model validation and verification will be done by comparing it with three 

already exacted supply chain projects in disaster regions.   

1.6.1 Flow of Research Methodology  

Figure 1.2 as below illustrates road map to this research. Cascade of the map flows from 

comprehensive literature review and synthesized knowledge sought from 
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multidisciplinary background as well as associated impact of various factors on supply 

chain management of road construction in disastrous region. AM expert system (Artificial 

Intelligence), uncertainty factor, MYCIN Approach for developing backward chaining 

expert system, Statistical Package for Social Sciences (SPSS) are the various tools of 

this research. Design of conceptual model get verification, validation and refinement from 

ongoing / existing road projects having intense supply chain activity. 

Figure1.2: Stages of Research 

1.7 Contribution to Knowledge  

The development of Multiple Linear Regression Model and Rule Based Decision Support 

System incorporating all factors which affect supply chain performance of road projects 

in disastrous regions is the most vital contribution to the research. The significance and 

novelty of this research is the methodology developed that is the integration of those 

different methods which will be employed to measure the SCM performance of road 

projects in disaster areas. Another important contribution, is the application of 

methodology on different kind of road projects being executed in the similar type of 

environment. Its applicability can be extended to many different industrial applications. 
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The use of this model and this system will assist in improving the supply chain 

performance of road projects in variety of disaster areas. It will explore deep and 

recommend better and best solutions on SCM performance basing upon the expert 

opinion, statistical analysis.  

This study introduces an efficient and effective DSS (Decision Support System) and 

model which can facilitate top hierarchy, supply chain managers and clients to set order 

of precedence and supervise their activities for improving SCM. 

1.8 Research Skeleton  

The research report will have ten chapters as given below:- 

a. Chapter 1 - Introduction  

 This chapter explains the background to the study, few concepts, objectives of the 

research, quick introduction to research methodology and the contribution to the 

knowledge. 

b. Chapter 2 - Literature Review of Supply Chain Performance of Road Projects 

in Disastrous Areas  

 This chapter addresses objective a. It elaborates disaster regions both natural and 

artificial and discusses background of the problem. Multiple variables having 

effects on SCM of road projects in disastrous areas in the world were analysed. 

c. Chapter 3 - Literature Review of AI �± Key Concepts and Methodology  

 This chapter addresses objective b of research. It provides a background to 

understand the applicability of experts systems for the research. Various concepts 

and application of AI, certainty factor and fuzzy logic were discussed for problems 

in hand. 

d. Chapter 4 - Literature Review of Research Methodology and Statistical Tools  

 This chapter addresses objective c, d and g. It provides the base for developing 

Linear Regression Statistical Model which will assess supply chain performance of 
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road projects. It explains research methodology of the study, and 

comprehensively describes employed and adopted methods. 

e. Chapter 5 - Conceptual Framework for  Improving  Supply Chain Management  

of Road Construction Projects in Disaster Regions  

 This chapter addresses the objective a of the research. Various variables are 

extracted from the literature review already carried out in previous chapters. 

These variables will be employed for developing the questionnaire which will  be 

used to collect data.  The relationship between various factors are established by 

analyzing statistical data collected through structured questionnaire using SPSS.  

f. Chapter 6 - Development , Implementation and Validation  of Survey  

This chapter addresses research objective c. The questions are developed by 

incorporating all the factors which are extracted in previous chapters. Questions 

were validated by collection of data from sample population and processing it in 

package SPSS. After validation, the questionnaire will be distributed and the data 

will be collected.  

g. Chapter 7 - Quantitative Analysis of Data  - Multiple Linear Regression Model  

 This chapter addresses the research objective d. The quantitative data is received 

from respondents of different disaster regions of the world. The data is processed  

in SPSS and relationship between varying variables is calculated and order of 

significance is found out.  

h. Chapter 8 - Qualitative Data Analysis -  Rule Based Decision Support 

System using Confidence Factor (Fuzzy Logic ) and Expert  System  

 This chapter addresses the research objective e. It aims at developing a backward 

chaining expert system by use of MYCIN approach (confidence factor). The 

interviews are conducted to find out the significance of each factor.  
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i. Chapter 9 - Multiple Linear Regression Model (MLRM) -  Development, 

Verification and Validation  

 This chapter addresses the research objective f and g. A Multiple Linear 

Regression Model is developed by processing the data in SPSS. The developed 

model is then verified by comparing it with Rule Based Decision Support System. 

The model so developed is validated by comparison of data received from two 

contemporary studies. One will be from natural disasters and other will be from 

man-made disasters. 

j. Chapter 10 - Conclusions and Recommendations  

 This chapter addresses the research objective h and i.  The inferences are drawn 

and the contribution of the above studies in research, academia and practical 

problems are discussed. Way forward for future research is also recommended. 
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CHAPTER 2 

Literature Review o f Supply Chain Management of Road Construction 

Projects  in Disaster Regions  

2.1 Introduction  

Since last century, there is an exponential increase in the calamities / catastrophe 

resulting in substantial life and material losses. Disasters are defined by International 

Federation of Red Cross (IFRC) and the Red Crescent as; "Intense disruption in 

functioning of area or region causing widespread person, material  and environmental 

losses that exceeds the ability of effected region to cope employing integral resource" 

(Allen, 2006). Disasters may be natural or anthropogenic, both produce similar results 

with few variations i.e. substantial loss of life and infrastructure, critical injuries, massive 

health issues, miseries, education deprivations, negative employment trends (Pantti et 

al., 2012).  Natural hazards can be tsunamis, floods, earthquakes, volcano eruptions, 

cyclones, flash flooding, hurricanes, epidemics,  wildfires and landslides. Examples are: 

Spanish Influenza (1918), black death due to epidemic in 1348,Gujarat Earthquake in 

2001, Pakistan Earthquake in 2005, Hurricane in Texas in 2017, European heat wave in 

2003, New Zealand Earthquake in 2011, Earthquake followed by Tsunami in Japan etc. 

Anthropogenic disasters can be terrorism, insurgency, civil unrest, internally displaced 

people, wars, insurgencies, epidemics, nuclear accident and massive wood fires 

(Flanagan, 2001). Examples are: Terrorism / extremism in FATA areas of Pakistan, 

Afghanistan insurgency, Freedom movement in Kashmir and Palestine, Terrorism in Sri 

Lanka and India etc. Last many years, not only the number of events have increased, but 

also the there is an increase in human losses and material damages . From 1976 to 

2010, there is a considerable increase in frequency of calamities and catastrophe from 

less than hundred events to more than four hundred events per year. Same thing has 

been reported by Research Centre on Disasters Epidemiology (CRED, 2009). The trend 
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line has increased ten times more from 1976 (US$ 10 B) to 2010 (US$ 90 B). Massive 

casualties and huge material and property losses are recorded in every disastrous 

region. The upward trend in intensity and spread of natural / man-made disasters are 

due to obvious reasons like population growth, global warming, global integration and 

unresolved conflicts due to scarcity of resources etc. The definition of disaster 

management is: " It is a form of applied science which observes disaster  systematically 

and then analyse in order to take necessary measures to prevent, minimize effects and 

prepare emergent retaliation and revival (Faulkner, 2001). Developing and developed 

countries of the world have used contemporary management models in Haiti, United 

States, Indonesia, Iraq, Afghanistan, Pakistan, India and Sri Lanka (Hernan, 2010). 

These ubiquitous disasters have also aroused intensive concerns of SCM in road 

projects. 

2.2 Relationship - SCM of Road Construction Projects In Disastrous Regions  

Challenges of supply chain performance not only affects emergency relief efforts of the 

Government and Non-Government Organizations but also impede/ delay road 

construction projects for which a coordinated and rapid responses is required. The 

supply chain operation plays an important role during three phases of disastrous cycle 

(Oliver-Smith et al., 1999). During pre-disastrous phase, the measures are taken to 

prevent and minimize; well planned supply chain design if implemented in this phase can 

avert the disastrous environments suitable for logistics of road construction project.  

Infrastructural situational factor if consider earlier can be sustainable and losses in terms 

of destruction of facilities can be minimized. Second is disastrous phase, which is also 

known as emergent stage. In this phase, functionality of communication infrastructure 

plays a vital role for supply chain operations. Disruptive movement of all types of 

transport in and out of project site is major constraint for provision of effective and 

efficient response to projects (Nakamura et al., 2010). Functioning road network save 
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lives and material losses by timely evacuation, it also facilitate logistics into the affected 

regions. During post-disastrous phase, the line of communication infrastructure if 

functional and serviceable, it will help the rescue and recovery operation.  Substandard 

road is an important variable which escalates overall cost of logistics and lead time of 

supply chain (Chang et al., 2011). 

Supply chain can be explained as  �µ�µVarious organizational networking system which are 

involved in different activities and processes that can add a value in terms of products 

and services. The organizations are linked upwards and downwards (Mentzer et al., 

2001)".  Efficient and effective SCM can improve the performance of road projects in 

case of larger disasters. The uncertain demands for relief operations make the SCM 

operations more difficult (Love et al., 2004). The demands of the affected people are not 

calculated timely and accurately and therefore would put strain on contracting firms for 

speedy construction of road infrastructures. Despite the urgent necessity of collaboration 

for SCM, no efficient model is available. However, optimized supply and demand model 

can be employed to deal with more complex issue of supply chain of disastrous areas. 

2.3 Evolution of SCM 

The industrial engineering and the research of the operations primarily deals with 

important function  of SC - logistics. Fredrick Taylor is one of the founders of industrial 

engineering  wrote a book in 1911; "The Principles of Scientific Management" (C. R. 

Carter et al., 2011). His study focussed on the up-gradation of processes of manual 

loading. He unleashed the operations research once he has to deal with the logistics 

related to military in 1939 as result of supply chain requirements (strategic) of second 

world war. Erstwhile, operations research and industrial engineering were considered as 

separate and different entities. These two were integrated to resolve supply chain and 
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matters related to logistics. Later on, it was referred as "Supply Chain Engineering (Lee 

et al., 1995)��� ́

During 1940-50, the research of logistics was carried out on mechanizations (innovation 

of pallet lifts). The processes of material handling by use of labour and space 

management using racks was addressed. The better designs and layout of warehouses 

were carried out (Ballou, 2007). The concept of unit weight became popular and pallets 

became common. During 1950s, the idea of unit weight was percolated into 

transportation management and containers were designed and prepared for trains, ships 

and trucks. During 1960s, time based freights were developed. There was requirement of 

more warehouse, maintenance of inventory, transportation and handling of materials.  In 

1980s, computers took over the strategic planning of supply chain management by using 

spreadsheets which are flexible and interfaces which help in improving logistics plans 

and its implementation (Rajeev et al., 2017). 

During 1982, SCM term was first used by Keith Oliver in Financial Times (Field et al., 

2012). SCM is universal network which is employed to deliver products and services 

from raw form to customers by use of information, physical distribution and cash. SCM is 

aimed at managing goods flow and services involving move and storing raw products of 

WIP (work in process), inventory and of final product starting from point of origin to 

customers through interrelated / connected network links. The product which reaches the 

customer is representation of  key accumulative effort of multiple organizations. It begins 

with design/ planning stage, then execution and at the end controlling and monitoring of 

all activities with the ultimate aim to create net value. Furthermore, to develop an 

infrastructure model which is competitive / dynamic in nature, to impress logistics globally 

and to synchronize supply with demand and lastly to gauge performance world-wide 

(Tan et al., 1998). Identification �R�I�� �³�V�X�S�S�O�\�� �F�K�D�L�Q�´�� �K�D�V��become common due to 

widespread of manufacturing all over the world  during 1990s. It was due to exponential 
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expansion of China. United States imports from China increases from $43 B per year 

during 1994 to $ 285 B per year during year 2007. The focus on globalization 

accentuated requirement for supply chain strategies to deal with compound networks. 

Figure 2.1: Graphical representation of supply chain management (Nikolopoulou et al., 

2012) 

2.4 Categories of CSM 

There are two classical categories of SCM. Firstly, vertical integration and secondly, 

horizontal integration (Mason et al., 2007).  

2.4.1 Vertical SCM (Vertical Integration) . This category entails an arrangement 

wherein; supply chain of company is earned. Every element of SC  produces various 

category of products as per market specification. The products are grouped for 

satisfaction of common needs (Fine, 2000). This model is found in very rare companies. 

Vertical integration may grow from entrepreneurial base from amalgamation and 

attainment. As an instance, to become self-sufficient entrepreneur, Ford is owner of 

mines, steel mills, manufacturing plants, and vehicles showrooms and last but not the 

least the distributors of Ford cars.  

a. Advantages of Vertical Integration  

1) More control on the supply chain management from raw material till the 

delivery of finished product. 
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2) No dependency on the multiple components.  

3) Synchronization of operations as all components of supply chain belong to 

one company. 

2.4.2 Horizontal Supply Chain Management (Horizontal Integration) . The company 

purchases different items from suppliers of another company. It is in fact an expansion of 

business through acquiring similar company in the same industry (Rudberg et al., 2003). 

It is contrastable vertical integration by a company which purchases different category of 

things which are relevant to the same product. Business corporation can do that because 

of merger, external expansion and acquisition. This system is related to monopoly if the 

company is able to capture a large chunk from the market of goods or services. For 

instance; Company producing shampoo may add other brand to publicise through wider 

customer base.  

a. Benefits of Lateral Integration  

1) Economies of scale and scope is achieved. 

2) The corporation concentrates on single business, therefore, more expertise 

of the company are developed.  

3) The company knows its market well.  

2.4.3 Differences between Vertical and Horizontal Integration  

Table 2.1 Vertical and Horizontal Integration 

Serial  Vertical Integration  Horizontal Integration  
a. Strengthen supply chain Grow in size 
b. Minimize production cost Diversify products and services 

c. Earn upstream/ downstream profits Acquire economies of scale 
d. Access downstream distribution channels Competition is reduced 

It attracts new customers 

 
2.5 Supply Chain Strategies  

Supply chain strategies are of three types i.e. Stable, Reactive and Efficient Reactive 

(Simchi-Levi et al., 2008). 
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a. Stable  Supply Chain Strategy . This strategy is suitable for supply chain which 

concentrate on efficiency, cost performance and execution. It uses simple 

connectivity technology and have needed very little real time information. Minerals 

for example, uses manufacturers scale production and dedicated capital assets. 

b. Reactive Supply Chain Strategy .  This strategy outperforms in case supply 

chain make up requirement from trade partners.  For example, producer of sports 

team shirts. For winning team, demand is increased and demand for losing team 

virtually decreases and later disappears. 

c. Efficient Reactive Supply Chain Strategy . This strategy concentrates on cost 

management and efficiency.  For example, in super market, distribution centres, 

logistic warehouses suppliers cooperate to sell a good in less than 24 hours.  

2.6 Flows in Supply Chain  Management . There are four flows of supply chain 

management (Mentzer et al., 2001):- 

a. Flow of Information : It covers literature for sales, invoices, specifications, orders, 

receipts and rules / regulations. 

b. Flow of Primary Cash :  It covers payments of products and suppliers. 

c. Flow of Primary Product : It covers components, suppliers, materials, services 

and finished / final products. 

d. Flow of Reverse Product : It covers replacements, recycling, returns for repairs, 

and disposals. 
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Figure 2.2: Flows in supply chain management (Garavelli, 2003) 

2.7 Stages of SCM 

Five stages of SCM are taken globally and within the organizations. These stages are 

a. Stage 0: Stable. 

b. Stage1: Multi-dysfunctional. 

c. Stage2: Semi-function Enterprise. 

d. Stage3:  Integrated Enterprise. 

e. Stage4: Extended Enterprise. 

The organizations adopt these five stages.  Some companies are not immune to 

changes, therefore they are less advanced. Some companies embrace change and draw 

due advantage. Some organizations have conviction that they are in most advanced 

stage (Garavelli, 2003). 

a. Stage 1 . Multi -dysfunction  

 �1�X�F�O�H�X�V�� �R�U�J�D�Q�L�]�D�W�L�R�Q�V�� �G�R�Q�¶�W�� �K�D�Y�H��external definition in goals. They do lack 

external connections except few transactional links. The figure below 

demonstrates weak coordinated transactional flow of information. These 

organizations do not possess potential partners. Therefore these category of 

organizations have more threats, less forecasting, unplanned activities, demand 

and supply issues and flow of payments is poor.    
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Figure 2.3: Multi-dysfunction stage 

b. Stage 2. Semi Functional Enterprise  

 Organizations begin to focus on efficiency, efficacy and quality within functional 

domain (Ba et al., 1997). The information flow is upgraded and functional area is 

clearly defined. Departments undertake responsibilities as per roles one after the 

other. No collaboration found amongst different branches. Partnership between 

customers and suppliers is not established. 

Figure 2.4: Semi functional Enterprise 

c. Stage 3: Integrated Enterprise  

 Such organizations are completely integrated in between integral departments 

using Enterprise Resource Planning (ERP) (Stevens et al., 2016). Individual firms 

focus on the businesses, processes rather than compartmental functions. 
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Figure 2.5 Integrated Enterprise 

d. Stage 4: Extended Enterprise  

 The company amalgamate into inner network information flow with components to 

increase product, efficiency and quality (Ba et al., 1997). This framework allows 

complete sharing of information in integrated networks, planning and team 

building corporate boundaries.  

Figure 2.6: Extended Enterprise 

2.8 Road Construction Supply Chain Management  (RCSCM) 

Efficient and effective SCM addresses the day to day problems of road construction and 

fulfil the deficient requirements of road activity. The project execution involves very 

complex and versatile activities. The success or failure of  project depends upon SCM 

which is required to be implemented in the complete life cycle of the project. Many 

challenges are encountered during construction activity. Besides suppliers, the 

responsibility of SCM also lies on the other stakeholders including contractors and client. 
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The aim of SCM is to meet all the demands of contractors and clients of road project  by 

employing efficient and effective resources. The success lies in optimal management in 

terms of distribution and inventory management in warehouses. Hypothetically, efficient 

supply chain is the matching of demand and supply with optimized inventory 

management. Timely decision taking regarding SCM will help in better planning of road 

construction. Project execution requires contribution by many expert teams and other 

stakeholders like consultants, clients, local population and people from government 

organization. These teams are fully to be chipped in execution phase of the supply chain.  

If new project is started, the job nature is taken as linear which need similar activities to 

be carried out by similar resources for each defined section. For these project types, i.e., 

regular recurring operation cycles, the execution of SCM is advantageous and 

productive. Important aspects which are taken into consideration for successful 

execution of SCM are given as under:- 

a. Integrated and incentivized supply chain  - Articulating supply chain with expert 

knowledge and offering rewards for out of box ideas leading to value added 

solutions.  

b. Maintaining a competitive and sustainable supply chain  - Keeping efficient 

and motivated team of suppliers who are geared up to take on any task assigned 

in road hierarchy.  

c. Early creation of delivery team �±Involvement of contractors at early stage of the 

project for innovation, well risk management, future farsightedness and allocation 

of resources.  

d. Defining responsibilities - Undesired hierarchy for supervision - defining 

functions and responsibilities to minimize contractual interface problems, avoiding 

resource depletion from unnecessary layers of administration.  
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e. E-procurement  system - Formulating tender procedures, communications, quality 

/ progress measurement more efficient and effective.  

f. Choosing suppliers offering best value �±Selecting quality aspects which can 

add virtual, affordable value, using reality checks to approve quality standards and 

offered promises.  

g. Partnership with long -term meaningful relationships - Shifting to long-term 

relationships to retain skills, talent, better human resource and programming.  

h. Judicious allotment  of risks  - Risks are awarded to the parties which can able 

to manage these without resentment and administration will believe risks where 

suppliers are ready to work in partnership to manage them and effectively remain 

in control of the consequences.  

i. Best design  - design solutions will have life value basis.  

j. Performance measurement - Creating paybacks in the form of savings, 

accuracy, accidents, and satisfaction with the project. 

2.9 Supply Chain Performance  

Supply chain performance measure is the way to assess the supply chain performance. 

There are two types of supply chain performances. One is the qualitative measures and 

other is quantitative. The qualitative measures the quality of the product and also deals 

with customers satisfaction. Quantitative measures deals with non financial and financial 

measures.   Non financial supply chain measures deals with the time of cycle, levels of 

customer services, levels of inventory, utilization of store and quality. Financial supply 

chain measures deals with cost. In this research, we are only taking two metrics of 

supply chain; one from non-financial supply chain measure; cycle time and other from 

financial supply chain measure; cost of supply chain.  
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a. Cycle Time . Cycle time is usually known as lead time. There are two types 

of lead time. One is supply chain lead time and other is order to delivery 

lead time. This is the time delay between the order placed by the customer 

and the delivery of item to the customer. In case the product is in stock, it is 

the lead time of distribution and management time of the order. If the 

product is not in the stock, the it is the sum of lead time by supplier, lead 

time of manufacturer, lead time of distribution and management time of 

order. Supply chain process lead time is the time taken from the raw 

material transforming to final product and time required to reach to the 

customer's place. It comprises lead time of supplier, lead time of 

manufacturer, lead time of distribution and logistics lead time. 

b. Financial Supply Chain Measure . It is the sum of fixed and 

operational cost of the supply chain.  The objective of this measure is to 

minimize the cost to generate the revenues. The supply chain performance 

in terms of cost is the improved cost of manufacturing, transportation, 

inventories, operations, technology and labour. 

c. Time and Cost .  After listing detailed factors which form supply chain 

performance are, two lead variables are; time and cost. In this research, 

time and cost (supply chain performance) becomes the independent 

variables. Quality of supply chain including customers satisfaction and 

product quality becomes the independent variable for the future research. 

2.10 Supply Chain Management  in Human Induced Disaster Areas (Terrorism and 

Insurgency ) 

2.10.1 Overview of Insurgency / Terrorism   
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Terrorism is an prearranged employment of violence and subversion to nullify, seize or 

challenge political control of an area. The conflicts originate long before it is known to the 

public, thereby, providing sufficient space and time to the insurgents for widespread 

movement and enabling environment for developing into a covert organization in the 

national boundaries until its intention is revealed through overt acts and violence (O'Neill, 

2001). The general purpose of any insurgent organization is to attain socio-political 

foothold of the geographical area or population. Unlike traditional warfare, non-military 

and nonlethal means are more effective and can achieve desired objectives. Uprisings 

are aimed at weakening the writ of the government and growing their influence over the 

population centres. 

Studies prove that insurgent organizations seek support from trans-frontier terrorists and 

external players to maintain momentum of their power struggle. Growing influence of 

electronic media, financial health of organizations and their abettors, ideological positions 

and political links in desperate regions of the world has created new dynamics which 

forms new patterns of conflicts (O'Neill, 2001). The integration of new dynamics with 

local environment gives birth to complex form of insurgencies which is difficult to tackle; 

especially when dependence upon military prowess is enhanced.  

2.10.2 Strategic Environm ent in man-made Disast rous  Regions  (Terrorism  

In glossary of terms,  "terrorism" means employing force or do violent act to get socio-

political motives (Zalman et al., 2009). The insurgents act violently in an organised 

manner using expedients like suicide bombers and improvised explosive devices which 

creates mayhem; violent processions, kidnapping for ransom and coercion to cause fear 

and human killings (Maskaliunaite, 2002); ferocious act of personnel actions through 

organised crime groups and other common criminals; piracy on seas; extremist religious 

motivations to create maximum unrest in society; targeting state institutions to spread 
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anarchy to paralyze State functioning; inflicting human and material losses in pursuance 

of nationalistic, separatist, and political struggles, to enforce changes in the set up 

(Kilcullen, 2006).   

Classical insurgency challenges status quo and counterinsurgency efforts reinforce the 

writ of the State and pin down the internal threat. Recent historical examples are Sri 

Lanka, Colombia and tribal regions of Pakistan. In some scenarios, insurgency 

unleashes after failure of state institutions and therefore is not aimed at taking control of 

political body but focus on dismemberment of its carcass and contest an unruly space 

(Kilcullen, 2006). Relevant examples are East Timor, Haiti and Somalia. In few cases as 

in Afghanistan, insurgents choke the government and establish parallel regime outside 

area of influence (colonial small wars) (Callwell, 1903). Gaulle (2006) affirms that 

radicals can ignite revolutionary wars. Thompson (1986) maintains opinion that 

insurgency emerges when no one is willing to accept that anything wrong is popping up 

and everyone closes eyes in a false hope. This scenario tempts the government for weak 

responses. In modern insurgencies like in Iraq, Syria, Afghanistan, Pakistan and 

Chechnya, the coalition forces launch campaigns whereas insurgents develop a reactive 

strategic response (Asprey, 2002).  

Zidaru and Barbu (2014) concludes insurgency as "mass movement to instigate 

legitimate regimes into overreactions, discredit armed forces and sometimes a grand 

strategy to protest ethnic and sectarian riots and mobilizing specific communities as only 

hope to safeguard itself". This statement amply clarifies shaping of strategic environment 

in human induced disaster regions due to terrorism. 
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Figure: 2.7 : Strategic Environment in Human Induced Disaster Areas due to Insurgency 

/ Terrorism (Goldfein, 2013) 

Human Induced disasters are organized in form of a triangular pattern each corner 

occupied by Military, politicians and strategic environment (Figure 2.2 above). Lack of 

governance expertise and acumen creates fault lines which terrorists / miscreants 

exploit. It may vary from organized propaganda against governments to penetration of 

terrorists in all segments of the society. The growing gap between rich and poor generate 

overt and covert strides of soft targets against governments. Such fragile condition of 

State does not permit fruitful investments in the country. Elimination of this threat 

becomes a compulsion for which military is assigned responsibility to restore the order. 

This military force drives the terrorists momentarily away but often the terrorist activities 

just subside and erupt on the first fault line available. Military action often results in more 

confrontation and terrorist officialdoms inflate them, though mostly underground. This 

whole quagmire can cause the country to increase in troubles as the turbulent 

circumstances turn into the chosen adobe of insurgents. 

Fragile Sates are vulnerable to sponsored terrorism from hostile organizations and 

agencies from across borders which can prompt agitation and unrest in the masses. The 

credibility factor of state institutions diminishes gradually. The administrative structure of 
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the State disintegrates under the troubled situation and adverse prevailing environment 

bars foreign direct investment. The consequently economy falters and combination of 

above three factors makes a devil triangle for any prosperity. 

Terrorists focus on five leading strategies (Harmon, 2001). Firstly, they create chaos and 

social disorder. It may include hijacking of passenger airline which can build fierce public 

pressure and turmoil (disrupting publically as incompetent Government to protect its 

citizens). Secondly, discrediting the government by challenging its legitimacy and 

authority and hence offer an alternative for replacing it through revolution. Thirdly, 

severely damaging economy and State property by targeting infrastructure. Terrorists will 

systematically create hurdles in smooth execution of infrastructure development projects 

(Keeney et al., 2010), and will use violent means to harass and terrorize the population 

like kidnapping project development teams  for ransom, planting improvised explosive 

devices and conduct suicide missions. The main purpose is to create fear and 

demoralization in private contractors and government machinery (client) by barring then 

form work. Fourth, to paralyze state security apparatus and inflict causalities upon 

military (Jenkins, 1985). Objectives are to create an atmosphere of chaos / terror and 

draw attention of international community.   

2.10.3 Operational Environment in Man-made Disastrous Regions (Terrorism)  

Historically, Terrorists have always used violent means to achieve socio-political, 

economic, cultural and religious objectives. Brutal techniques of religiously inspired 

Assassins, Sicari and Thugs helped them achieve their political objectives (Wayne, 

2007). In recent history, The Tamil Tigers of Sri Lankan used suicide bombing and 

improvised explosive devices since 1980 (Hopgood, 2005). For the last two decades, Al-

Qaida and its franchises have extensively carried out terrorist activities against US forces 

and its allies, afterwards Tehreek-i-Taliban and Islamic State of Iraq and Levant (ISIL), 
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posed serious challenges to the existence of Pakistan in Baluchistan and FATA 

(Hoffman, 2003).  

2.10.4 Tactical Environment for Infrastructure Development Projects  

Terrorism and insurgencies hit areas suffer from low productivity and extensively bleed 

due to physical attacks, explosion of improvised explosive devices and suicide missions 

against soft targets. It can be minimized  with effective measures (Gross et al., 2008). 

The political government tends to take ownership of military operations which enhances 

the legitimacy of these operations. Furthermore, popular support at domestic and 

national arena reduces societal space for terrorists (Sepp, 2005). Governments conceive 

development projects for purpose of rehabilitation and reconstruction during follow up 

phase of operations; in terrorist cleared regions, which are appreciated by locals (Pelling 

et al., 2002). Successful military operations besides raising morale of Armed Forces also 

improves combat efficiency of soldiers in disastrous areas. Forces continues to clear 

areas of resistance and sanitize the regions with priority where return of internally 

displaced individuals is timely planned. 

Intermittent economy is the causes of poor SCM which results in low development. 

Crumbling state of infrastructure, state institutions, legal system and high / unsustainable 

rate of employment keeps these areas incomparable with rest of the country (Ali, 2010). 

Government wants to maintain the status quo to avoid political upheavals, the 

bureaucracy has limited capability to address the problems and investors do not see 

worthwhile benefits from investment in these regions. Consequently, outcome is informal 

earning means, large scale weapon manufacturing, smuggling, narcotics, bar minimum 

agriculture or population prefer to migrate to settled areas (Peters, 2010). 
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2.11 Top Challenges  of SCM in Road Construction In Disaster Areas  

2.11.1 Social, Cultural, Ethnicity and Religion Impacts  on SCM of Road Project   

The local population is the Centre of Gravity (COG) which needs to be 'won over' to 

establish concrete supply chain management. Therefore, understanding the local 

population becomes critical during all stages of disaster both natural and man-made. 

Some level of civilian cooperation is always required which can influence the behavior of 

locals to support disaster management teams. How disaster management pursue its 

goals will have repercussions for civilian population which can increase or decrease the 

support of SCM. Characteristics of masses may be different from one country to another, 

or even within same turbulent area. Two constants provide guidelines to comprehend the 

decision making loop of management hanged up in supply chain:-  

a. Irrespective of political affiliations, the population would always side with those 

who can are carrying out relief operations and government machinery. Civil 

population understands control as means to create certainty and tolerable 

�F�R�Q�G�L�W�L�R�Q�V���L�Q�� �W�K�H�� �V�R�F�L�H�W�\���� �L�W�¶�V�� �D�� �F�R�K�H�U�H�Q�W�� �V�H�W���R�I�� �U�X�O�H�V�� �W�K�D�W���L�V�� �F�R�Q�V�L�V�W�H�Q�W�O�\�� �L�P�S�R�V�H�G��

under a political banner where they feel safe and can survive well. Population 

desires immediate relief, security and access to life essentials for survival and 

security measures in longer term. Security includes all full scale potential threats, 

encompassing criminal elements, insurgents, armed groups and security 

establishment which is both transnational and counterinsurgent power. In 

uncertain scenario in man-made disaster areas, where neither writ of insurgents 

nor counterinsurgents is established effectively, civilian population will prefer to 

remain neutral for their survival. 
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b. Project and supply chain managers must endeavor to understand the point of view 

of local population, when there is uncertainty and the writ of government is not 

established. Following understanding may be required:- 

1) Relief and rehabilitation operations may not always be understood in the 

same way as intended. 

2) In insurgency hit areas, the action of security forces which can affect civil 

population during operations will be considered in broader context of 

opportunities, intimidations, rewards, hazards affiliated with war.  

c. Cultural underpinnings and Identity obscure the process of comprehending the 

stance of civilian population. Uncertainty coupled with insecurity and miseries 

during disasters force civilian masses to pursue their interests with rationality. 

They make consistent decisions according to their assessment of current local 

environment. Assessment is formed with circumstantial factors which encompass 

individual and collective characteristics like predominant past narratives, 

normative beliefs, old experiences, socio-economic indicators and how much 

people are dependent upon community membership for their survival.   

d. Identity is shaped by the interests of the local population. The development 

projects help civilians to shape their decisions and attitudes and study group 

identities and the role of people in administrative set ups. Identities are not stable 

and these are evolved or are deliberately manipulated during human induced 

disaster areas. Population strategically employ identities and criminals justify their 

actions in pursuing their interests. Resultantly, criminals take these identities as a 

soft target and a mean to formulate the opinions of the population. Government 

administration consistently review and analyses the strategic narratives and 

perceptions to reshape the political dynamics for gaining support of wider 

population. 
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e. To comprehend the population, project and supply chain managers are required to 

comprehend series of variables which shape perceptions and behavior, which 

includes relationships amongst those factors like relationship between 

demography, society, culture, polity, economy and institutional spheres. 

Characteristics of masses includes:- 

1) Demographics, physical environment and social divisions. 

2) Politically relevant identities and communities includes ethnicity, class, 

caste, tribe / clan, belief, education, geographical region, ideology and 

profession. 

3) Trade and economy, sources of earning both formal / informal and rate of 

employment. 

4) Identity and parameters for choosing political/ social elite at district, 

provincial and national level. 

5) Relationship with State i.e. deviations in social contract / anticipations of 

State with varying strata of society, variations in State institutions such as 

military, judiciary, corporations, police, security services, and parliament, 

level of access / participations in government at different tiers, link within 

civil society leaders and formal government and endeavors to resolve the 

issues. 

f. Social, cultural, ethnicity and religion affect variance distribution in multiple groups 

and major responsibility is shared by vulnerable groups in disaster countries 

(Vanclay, 2003). Following lacks in these regions:- 

1) Fundamental human rights with equal sharing across the whole society. 

2) Basic rights be protected and application of rule of law. 

3) Enjoy the right to work in a conducive environment and live a quality life. 
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4) Societal and cultural spheres of life such as relationships, fearless society, 

sense of belonging and peace are important dimensions of healthy life. 

5) Systematic intervention of people in areas where their life is being 

disturbed. 

6) Field experience and knowledge is useful to enhance systematic 

intervention.  

g. Absence of above factors create sense of non-acceptance in local population 

about project management and supply chain management stakeholders who are 

alien to them and working against their will and without understanding their 

perspective (Struthers et al., 2005). Statistical data gives us an empirical evidence 

that a large number of suppliers leave work sites and re-contracting ratio is 

alarmingly high in disaster areas. (Sims et al., 2002). Several portions of newly 

build structures on roads get damaged, and supply chain is badly damaged. Thus 

makes supply chain neither cost nor time effective. 

h. Conflicting issues of project and supply chain management are usually decided in 

local gatherings either chaired by bureaucracy or local population themselves due 

to bad governance. (Cheema, 2008). Managers accompanied by local officials / 

district administration negotiate local population before taking decisions. There are 

lot of ifs and buts. Local people and government bureaucracy is stake holder in 

every decision. Freedom of action is curtailed with project and supply chain 

teams/ managers, as they are limited in their actions by their company, client, 

consultants and finally by locals of the area. 

2.11.2 Economic Impact on Supply Cha in Management  of Road Projects   

The last phase of relief operation is reconstruction of development projects and 

restoration of economy. Economic and infrastructure development should be based on 

local aspirations and capabilities for greater sustainability. Meeting expectations of local 
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population in service delivery will strengthen the credibility and legitimacy of government, 

and undermine the menace of disaster. Establishment which ignore local conditions and 

aspirations at the start often result into weakening local government structures, 

strengthening the criminal elements, promoting corruption, and generating 

dependencies. To get the loyalties of the local people through construction projects 

weakens the criminals narrative. There are similar Non-Government Organizations 

(NGOs), which carry out long-term development efforts, though, government 

administration should try to confirm that temporary stabilization measures do not weaken 

long-term growth objectives. 

The concept of winning the hearts and minds of the people was built on a theoretical 

concept that providing a number of projects to public will get moral support for 

government. Evidence indicates that such programs are successful, and provides 

stability in the project area. The provision of mass employment by the government helps 

in keeping criminal elements away from hiring the under-employed and using them for 

illegal and terrorist activities. Past research has proved that higher unemployment is 

connected with extremism and violent acts. Another approach is to develop the area, in 

order to regain the local economy. 

In the above mentioned scenarios, the government administration was responding on the 

supposition that the grievances were playing either active or passive role in creating 

unrest in the area.  In some situations, they responded to the clearly expressed 

population demands and notices. The following measures will help in creating favourable 

conditions to implement mega construction projects:- 

a. Provision of Basic Necessities . The basic necessities (service delivery) may 

consist of water, sanitation, energy, health services, education, communication 

infrastructure and transportation means. Research reveals that people who 

affiliate themselves with terrorist organization are usually broke. They hail from 
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meek families, poor economy and religious institutions (Victoroff, 2005). The state 

was unsuccessful in providing them basic amenities like food, shelter, education, 

health, justice and better environment for progression (Silke, 2008). In order to 

discourage such actions by the local population, the state should take decisions to 

provide service delivery which is in line with the local population's expectations.  

b. Partnering and Unity of Effort . The government, local population, and 

international actors may work hand in glove with each other in executing 

infrastructure development projects in disaster areas. Government administration 

must be familiar with complete picture of operational area i.e. all operational and 

developmental activities. Government objectives can also be supported by using 

aid programs. However, it must be ensured that resources are not diverted 

towards criminal elements, which can give a boost to their activities. Instead 

synchronized efforts are to be done at government level to increase the potential 

benefits such as financial and infrastructure growth. 

c. Metrics and Generating Effects . The lines of efforts should create separate 

effects in social spheres, political prongs and security mechanism, aligning with 

goals of the government. Criminals may work as suppliers of financial advantages 

to the populace, to get their input in extortion and other activities. While in such 

cases, construction projects in disastrous regions are aimed to replace criminals 

with more practical establishment. It has been observed in the past that merely 

measuring infrastructure outputs like road length and construction of schools has 

created lesser effects.  

The disaster areas needs considerable time to establish alignment with the 

administrative institutions and urban corporations (Kovács et al., 2003). Absence of good 

communication infrastructure is a main hindrance in the way of development of these 

areas in comparison with developed societies. Initiation of projects in these areas is a 
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dilemma for managers due to non-availability of resources which ultimately affect project 

performance (Unruh et al., 2012).  

2.11.3 Bad Governance Impact on SCM of Road Projects   

The power of nation lies in three major elements which are economic, information and 

military. Thinkers like J T Rouke and M.A. Boyer (cited in Mills, 2006) have categorised 

these elements of power as national core (further listed as national geography, people 

and government) and national infrastructure (country's infrastructure). To examine the 

state infrastructure as component of national power, technological sophistication, 

transportation system and information and communication capabilities need to be 

analysed. Both elements (national core and infrastructure) are interlinked. If the 

government and political systems are weak, the infrastructure of the country will be weak 

(Morgenthau, 2014). 

An inference from comprehensive study of supply chain of development projects, which 

were undergone in Iraq have brought out that small projects which have quick impacts  

were more effective in reducing violence (Perito, 2009). The study also shows that 

power, resources, and access to development funding was seen as an opportunity for 

creating wealth and political power. Experts recommend that individuals from non-

�E�H�Q�H�I�L�F�L�D�U�\�� �F�R�P�P�X�Q�L�W�L�H�V�� �U�H�V�L�V�W�� �³�G�H�Y�H�O�R�S�P�H�Q�W�´�� �E�H�F�D�X�V�H�� �R�I�� �W�K�H�L�U�� �Y�L�H�Z�� �D�V�� �F�D�S�W�X�U�H�� �R�I�� �D�L�G��

processes, rather than the view that aid was a public good that could be beneficial to all. 

Aid distribution in such a fragmented society has often produced more serious issues 

and created isolation, rather than positive hope. The issues emerged probably due to 

weaknesses in the project management structures within restoration team. 

It amply clarifies if problems in supply chain management of current project development 

occurred due to planning or execution. Consistent issues of planning and execution may 

be due to two things. First, it reiterates that development schemes revolves around 

development objectives, such as better health services or generating greater revenues, 
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rather focusing on political aims like facilitating participation in local body governance. It 

was noticed that government apparatus did not adequately take into account local 

political environment in a disaster atmosphere. Second, giant development objectives 

unleash huge projects which are difficult to supervise. Above challenges enhance 

susceptibility of development projects to corruption and distortion. Development projects 

polluted with such allegations can exacerbate concerns of the population which 

downplay efforts of government with repeated trends of political exclusion.  Such notions 

undermine legitimacy of the State. 

Literature provides four lessons for SCM in disastrous regions of the world (Goldfein, 

2013): 

a. Security is the most important concern for the population and it constitutes       

long-and short-term security of the State. People who assume that their lasting 

existence will be detrimental under incumbent regime, are not likely to assist 

security forces. Therefore government must protect people from threats 

emanating from conduct of operations from time to time and boost their 

confidence over the State and establishment. 

b. Having addressed security, second key issue is the inclusion of desperate groups 

in formal / informal governance structures. These representative groups then 

should regulate municipal services which should be in fact an incentive for their 

contribution, although, contribution will only be possible with ample security 

guarantees. 

c. Maintaining legitimacy and generating cooperation among the population cannot 

be achieved by representation only. Solid pay backs in form of quality services 

and development programs needs to be provided to keep it charming. State 

bodies should be reliable (for addressing critical problems), relevant (in terms of 

constancy overtime), and effective (in delivering results). 
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d. Small scale and localized projects are more effective in accelerating economic 

activity and improving quality of services. Counterinsurgent forces wise supervise 

these projects to prevent malpractices. The Government should prevent sabotage 

of governance structures to the extent possible. 

2.11.4 Institutional Impacts on  SCM of Road  Projects  

Supply chain of infrastructure development projects composed of three major elements; 

consultant, client and contractor. Responsibility of these elements is for direction and 

implementation of projects (Sambasivan et al., 2007). In disastrous areas, this 

responsibility is multiplied many folds. Management true aim is to carry out practical 

manifestation of policies, convert vision into practical plans and initiate implementable 

directions for the lower managerial staff. The evaluation, monitoring processes along with 

midcourse corrections are required to be evolved. This is possible, if management is 

inspired and capable (Odeh et al., 2002). 

The custodian of the project should comprehend the dynamics of environment where 

they are working (Aibinu et al., 2002; Hashim, 2005). The initial estimates may be grossly 

wrong due to non-availability of site for factual feasibilities. Project Execution Plans 

(PEP) are not realistic owing to imprecise data and the quality of construction could not 

be ensured for want of consultant staff.  

2.11.5 Other Challenges of SCM in Road Construction in Disastrous Regions  

a. Low Profitability  due to Cost Escalation .  The entry barriers in road 

construction industry are low which are further compounded with saturated 

marketplace with significant competition. It has gradually become difficult to attain 

competitive advantage. The profit margin is shrinking and more investment is 

being made on procuring new technology and latest business practices. Labour 

production is stagnant which further complicate the issue in disastrous regions. A 

substantial time of labour is spent on waiting construction material, plant and 
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equipment. The logistics take longer times to reach at project site and project 

teams take break before last light. Thus profit margins are reduced and project 

suffers due to low production. The contract firms are unable to deliver due to less 

margins in profit and untimely completion of projects. These firms do not analyze 

the project and bid at lower rates without considering the factors of disaster areas 

(Alawar et al., 2009). The supply chain of the road projects suffer in terms of cost 

escalation and time constraint (Williams, 2005). There is a requirement to identify 

the causes of poor performance of supply chain and need to develop a model 

which can forecast the cost and time (Pewdum et al., 2009). Paul et  al., (2009) 

developed a decision support system  which can help the SCM to function rapidly 

and help the construction activities of the road.  

b. Weak Key Performance Indicators . Project design complexity in disaster areas 

compound the problems. As design becomes and more complex, construction 

companies struggle to keep up. They are not able to deliver under budget and 

under time. This leaves project with little margin of profit.  

c. Sustainability Concerns . The road infrastructure industry is a large consumer of 

raw materials which leads to carbon emissions. Adherence to Standard 

Environment Protection Procedures in disaster hit areas become more costly and 

are therefore significantly affect global warming efforts and thus create 

sustainability concerns. 

d. Skilled Labour Shortages .  Many people are scared to join the road construction 

projects in disaster areas due to life risks, prolonged stay in remote areas, 

uncertain situations, less profitability and anticipation of more disasters coming in 

future. Virtually companies are forced to keep less skilled people which may lead 

to low productivity and compromising safety concerns.  
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2.12 Summary - Key Factors Affecting Supply Chain Performance in Disaster 

Areas  

There are two types of factors which affect supply chain performance of road 

construction projects in disaster areas. First one are the primary factors. These factors 

also known as the independent variables which directly influence the dependent variable 

(supply chain performance). In this particular case seven primary factors are identified 

through literature review and opinions of the experts. The secondary factors are also the 

independent variables but these contributes affecting the primary factors. In this case, 

each primary factors comprises  4-6 secondary factors. The effects of each primary and 

secondary factor on supply chain performance are discussed in ensuing paragraphs:-  

2.12.1 Environmental Uncertainties  

a. Suspension of Supplies due to Ongoing Causalities . Bituminous materials, 

soil, aggregates, Portland cement concrete, admixtures, pavement marketing 

material and structural steel are the important raw materials required in road 

construction. 24/7 uninterrupted supply of these materials is essential in disaster 

areas for continuity of the road projects. Disruption of anyone critical material can 

halt progress in disaster areas. In case of massive causalities, emergency relief 

efforts take priority over every other transportation systems. Therefore, the supply 

of raw materials for road project are liable to delay and project progress will 

impede. 

b. Re-contracts due to Abandoning of Work by Outsourced Suppliers . Road 

projects in disaster areas are confronted with several complexities of supply chain. 

The contractors/ subcontractors face continuous problems in availability of goods 

and services, skilled labour, high cost of transportation by the suppliers and many 

other issues which keep them desperate. They have to frequently carry out re-
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contracting for outsourcing of services due to lack of will and resolve on the side 

of suppliers for continuity of logistic chain.    

c. Interrupted Supplies Chain due to Insecure Environment . In disaster areas, 

supply chain is likely to be disrupted by terrorists, sabotage activities, lack of 

government writ in the affected areas, theft, and connivance of the local workers 

with the perpetrators. Unless Law Enforcement Agencies provide proper route 

protection or establish security posts en-route, the supplies will continue to be 

disrupted.   

d. Sabotage Activities  / Vandalism  by Local Population at Warehouses . Lack of 

government writ in the disaster prone areas instigate local population especially 

the criminal elements to conduct sabotage activities at ware houses where 

contractors pile up construction materials, valuable goods and other commodities 

worth market value. Losing valuable commodities required for road construction 

impede the progress of the projects. 

2.12.2 Uncertainty in Demand and Supply (Inventory and Warehouse Management)  

a. Lack of Communication   

Poor communication challenges the logistic chain management of construction 

projects in disaster regions. Effective communication maximizes productivity 

whereas lack of predictability affects functionality of inventory and warehouse 

management to a great extent. Timely decisions of SCM allows the warehouse to 

plan and implement transportation and shipment of projects more faster and 

quicker. Packages and software applications are able to achieve these much 

quicker and easier. 

b. Challenges of Inventory Management in Disaster Areas  
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1) Lower Turnover of the Product . If there is no communication to receive 

demand then the turnover of the product will be less due to lower demand. 

The inventory will become excessive and more space will be utilized which 

tie up the investment. The cost of the product will increase automatically.    

This factor gets pronounced in disaster areas where uncertain prevails 

most of the time. 

2) Excessive Inventory . When inaccurate orders are placed from project site 

due to inaccessibility of site by project teams and availability of product 

locally,  the excessive inventory will happen. This results in the problem of 

storage, prevention of better products and higher costs.  

3) Unable to Keep Stock Track .  If the inventories are not checked 

frequently and manual processes are employed to maintain  supply chain 

then the movement of stock from one point to another cannot be controlled 

properly. Failure to maintain stock track results in errors in accounting thus 

additional cost is incurred by the road projects in disaster areas. 

4) Poor Identification of Patterns of Demand . Irregular demand patterns is 

one of the greatest challenge of road construction projects. At times, the life 

cycle of the product is higher and demand is less, this incurs more cost. 

Similarly, smaller lifecycles of the products increases the demand which is 

difficult to meet, thus the project timelines are disturbed. The track of 

demand and its analysis assist the stakeholders to place orders accurately.  

5) Invisible Inventory due to Uncertain Environment .  Correct assessment 

of inventory is an important factor for successful execution of complex 

SCM. Therefore, it is essential to have complete visibility and in depth  

insight of project inventory from raw material to customer for managing 

effective supply chain network of well performing road projects. 
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c. Challenges of Warehouse Management in Disaster Areas  

1) Insufficient Warehouse s due to Lack of Historical Data . Disaster areas 

may not have accurate data of existence of warehouses in the region, 

therefore would likely to forecast/ decide for construction of more ware 

houses to make up the deficiency.  

2) Product Diversification .  The businesses works on  Pareto's 80/20 rule 

which means that 20 percent of inventory produces 80 percent of sales. 

Ware house operators have to look for 20 percent of more products to see 

what else would be in demand immediately due to unpredictable 

environment of disaster areas. If the demands are met continuously and 

stocks are eliminated which are not in the demand, it will make warehouse 

more beneficial and worthwhile.  

d. Managing Fluctuations in Demand . Insecure environment, post disaster shock 

waves, fluctuating economy, climate, and many other aspects are playing an 

important role in vacillating demand. Warehouses should be able to cater for such 

scenarios. Precise and timely information must be used by the warehouse to 

predict demand. 

e. Redundant Processes .   Repeatedly adopting the same processes results in 

escalated labour expenses. Barcode technique and automation systems may be 

employed to eliminate these processes. 

f. Longer Lead Times .  Delivering supplies at the site in the shortest possible time 

is always a challenge for contractors in disaster areas. The inventory issues arise 

due to time interval between decision of placing order and stock availability 

commencing from that order to meet customer's demand or set up for production. 

This is known as the lead time (Køhler Gudum et al., 2002). The delays in the 
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process of placing order till the stock is replenished is known as delivery delay. 

This delay has very damaging effects on the firm. The risks associated with the 

disaster regions will cause additional cost and time delays if not addressed 

properly by the supply chain managers and construction managers. The risks of 

disaster areas like untimely delivery of raw material, unskilled labour and other 

miscellaneous issues are to be identified and measures to control and mitigate 

these be taken well in time. So that the project is completed in stipulated time and 

cost.  

g. Mismatch between Delivery of Raw Material , Ongoing Site Work and 

Finished Product .   Rightful management of inventory processes play a vital 

function in improving the supply chain performance in disaster areas as it also 

�V�D�W�L�V�I�L�H�V�� �F�O�L�H�Q�W�µ�V�� �U�H�T�X�L�U�H�P�H�Q�W�V����make more efficient construction strategies and 

minimizes operational cost without giving any delay in the completion of project 

(Duerr et al., 2006). One of the main reasons of building bullwhip effect is due to 

employing bad performance inventory policy (Geary et al., 2006). Therefore, it is 

important to eliminate mismatch between delivery of raw material, processes and 

finished product.   

h. Imbalance between Inventory Maintenance , Economies of Scale and Lead 

Time. Lack of visibility, excess inventory and failure to keep track of stocks in the 

inventory can result into more lead time in disaster areas. This gap between 

maintenance of inventory and accentuated by lead gap will unhinge economies of 

scale as large road construction projects typically benefit from economies of scale 

for several reasons.  
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2.12.3 Infrastructural Situational Factor (Transportation Management)  

a. Challenges in Shifting Material s due to Poor Transport Network . High 

infrastructure maintenance cost, difficulties for non-motorized transport, public 

transport inadequacy, longer commuting, and greater frequency of accidents in 

disaster prone regions are the challenging factors in shifting materials from one 

location to another. Not only the transportation costs is sky-rocketed but also 

delay in supplies from one site to another. 

b. Disconn ect  of Transportation �± Raw Material to Warehouse and Final 

Product to Project Site . Disaster areas pose challenges for transportation of raw 

materials initially up till warehouse and then onwards to project site. Crushing 

plants, batching plants and raw material collection areas all are usually sited at 

different places and thus pose challenge in transportation. 

c. Underestimation of Transport Requirement for Material Supplies .  

Transportation systems are designed under specific conditions. Yet, distractions 

such as those caused by disaster natural or manmade are rather common and 

well mitigated. On occasion, a distraction at a much high scale takes place to the 

extent that estimation of transport is not realistically possible. Such scenario may 

lead to delay in material supplies and greater lead time. 

d. Stressed Transportation System of Disaster Areas .  Factors like increased 

mobility due to evacuations, infrastructure and economic interdependency, 

centralization and concentration of distribution in disaster areas put stress on local 

transport system and impede the ongoing project. 

e. Inefficient and Stereotype Transport System .  Most the transport system in 

disaster areas is likely to be inefficient and stereotype which will not be able to 

meet the logistic needs related to road constructions projects. Common factors 
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include weak transportation networks, remote areas, left out of the main stream 

development etc.                 

f. Limited Choice Of  Outsourced Transport Companies . Limited choices are 

available for hiring transport companies in disaster areas. Most of the transport 

owners are reluctant to do business in trouble areas and therefore challenges of 

hiring transport for onsite tasks and supply of raw materials escalates. 

2.12.4 Socio -Economic Situational Factor  

a. Fluctuatin g Market Economy . The volatility of the commodities in the market 

due to disasters can be extremely challenging to manage the project. Owing to the 

fluctuating cost of supplies and services, the predictive profits cannot be achieved. 

Slowly and gradually, smaller construction and supply chain firms go unprofitable 

and these withdraw themselves from disaster regions.  

b. Non-presence of Loca l Suppliers . The survey reveals that 72 percent of 

industrial buyers "always or generally" prefer to sublet locally. In comparison, just 

10.8 percent of respondents "always or generally" prefer to outsource globally 

(Sabbagh et al., 2018). In fact, nearly half of buyers (46.7 percent) actually "rarely 

or never" prefer to source globally at all. The outsourcing with locals offers more 

flexibility, reduced supply chain costs and more revenues but non presence of 

local suppliers drastically affect the supply chains and accrue less profit margins 

and inflexibility in supply chain management.  

c. Lack of Local Community Support . The real and long-term benefits of road 

projects in disaster areas can only be accrued with the full participation of 

community otherwise alienated population will impede the pace of the progress. 

Thriving societies involvement is based upon information and discourse. The 

participation of community will lead to creating substantial jobs, improving 

relationships, empowerment, heightened economic status, environmental 



 

48 
 

restoration and improvement of the quality of life in the disaster areas. Only an 

informed community can be part of the decision- making process, which then will 

lead to a sustainable revitalization project.  

d. Conflict between Local a nd Outsider Suppliers . Lack of understanding and 

purpose of the project can lead to standoff between outsider and local suppliers 

probably due to competitive advantage enjoyed by the local suppliers. The 

contractor firms can appease both parties with comparative rates and fringe 

benefits.   

2.12.5 Government / Political Situat ional Factors  

a. Fragile Regime . Road construction projects face peculiar obstacles when 

undertaken in areas emerging from civil or external conflict, where writ of the state 

is weak, or where social-political crisis are prevailing. Such challenges may 

include following:- 

1) The entrants to new markets may be viewed suspiciously. The local stance 

on the conflict can result in mistrust of foreign investment. 

2) Perception of winners and losers can worsen residual tensionsin class or 

political groups. 

3) Uncertain environments emerged out of weak rule of law can adversely 

affect project development and communities. 

4) Investment may be drowned when state governments fail to meet their 

basic responsibilities to protect human rights. 

b. National Regulations towards Suppliers a nd Project Stakeholders . Growing 

set of government regulations impacts almost every supply chain, especially in the 

war-torn and disaster areas, these impacts are very profound whether it is a public 

company or supplier. Anywhere, government departments can intervene and ask 

the contractor firm fill out paperwork or opt for an audit through an outside party. 
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The supply chain is likely to slow down as shipments are diverted for inspection 

and cataloguing 

c. Lack of Government Administration Invol vement . Lack of involvement of 

government departments in projects has serious repercussion especially in 

disaster areas as private contractors and/ or firms will not ensure participation of 

local community in the jobs. A disconnect will surface between local population 

and private contractors. The pace of progress in road construction will be slowed 

due to supply chain disruption and deadlines will not be met. Contractual firms will 

not be able to muster adequate security themselves and may abandon the project 

if local alienation and causality figure grows. 

d. High Level Corruption . Corruption has serious impediment to public and private 

sector development. It is ranked as one of the top two barriers to do a successful 

business in the countries. The empirical evidence indicates that corruption has 

negative impact on costs and decisions. It creates barrier to market entry and 

increases uncertainty which impedes long term and fixed capital investment and 

productivity. Supply chain performance in disaster areas is likely to be disrupted 

with rampant corruption and is mostly be used as a tool to remove bureaucratic 

delays.  

e. Lack of Political Will to Function Supply Chain Management . Political 

instability is a significant threat to the contractual firms operating in the supply 

chain arena in disaster areas. It can negatively impact productivity, quality, and 

relationships with the locals. The suppliers are most likely to abandon the projects 

in such a scenario. Political instability represents bottom line threats to affected 

areas of local supply chains. These threats should be carefully analyzed and 

reduced with risk contingency planning. 
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2.12.6 Communication and Technology Factors  

a. Lack of information within project teams . Sharing of information is a vital 

element of any Supply Chain Management system (Moberg et al., 2002). 

Information sharing provides substantial payback to the managers of supply chain 

at various level in the hierarchy. A coordination is improved amongst supply chain 

managers by sharing of information which leads to the integration of supply chain 

(Easton et al., 1998). Information sharing influences the supply chain team 

performance in terms of total cost and service level (Zhao et al., 2002). 

Information sharing among project teams in disaster areas can reduce many kinds 

of uncertainties related to demand, product and technology which otherwise can 

add costs to supply chain processes.  

b. Non-fulfilment of  Daily Demand s of Project Teams . The daily demand of 

project teams in disaster areas if not met may impede the development project. 

c. Lack of Communication Tools .   Following modern communication tools will 

make supply chain more efficient in disaster areas:-  

1) Shipping status tools- updates and alerts 

2) Order processing tools 

3) Lean inventory tools 

4) Specialized freight handling 

5) Bidding and spending tools 

6) Supply chain analytics and reports 

d. Lack of Planning Tools . Scheduling is an inadequate science, but it is highly 

critical for supply chain performance. Proper scheduling assists ensure the 

planners have enough supply on hand to satisfy demand especially in disaster 

areas. Analysts use supply chain management systems and other tools to 

forecast demand several weeks and months in advance. Supply chain 
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management (SCM) software can help facilitate the process of forecasting and 

measuring the supply chain synchronizes the supply and demand cycle through 

the use of real-time information. 

2.12.7 Organizational Internal Factors  

a. Non-Collaboration amongst Project Teams a nd Suppliers . Lack of 

cooperation and collaboration amongst supplies and project teams can cost the 

road projects very heavily. Meaningful relationship is essential to understanding of 

SRM. Relationships need to be strategic, it needs to be growth-focused. Supplier 

relationship management should start even before an agreement with supplier is 

signed, in order to ensure the competitive advantage of the company in the long 

run is maintained. This is a forward-focused approach, which can lead to a 

successful relationship even in hard times and especially this relationship should 

be further cemented in disaster areas. 

b. Unrealistic Planning due to Incomplete a nd Inaccurate Data . Supply Chain 

Performance is the efficient management of the end to end process. An assertive 

Supply Chain Management is to correctly tally the supply with demand. If not done 

successfully and effectively, it can result in overproduction, which can cause a 

firms and projects to lose money and obscure the need for improvements. 

Therefore, maintenance and compilation of complete and accurate data is 

necessary to avoid stocks outs, customization changes and distortion of 

information. 

c. Lack of Proficient Supply Chain Managers . Managing supply chain network 

involves bringing a wide array of personnel, departments and partner companies 

together for maximization of efficiency, service and profits. Managing people and 

relationships is an essential part of supply chain performance. An effective 

leadership is linchpin for great success. The managers should have strong 
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interpersonal skills, IT expertise, economic and market dynamics, challenges of 

disaster areas, working with community experience and understanding of 

corporate social responsibility (CSR).  

d. Untimely Mobilization of Resources . The time is an important factor for 

mobilization of resources. Untimely mobilization may cost the project very heavily. 

Procurement processes, transport and customs, warehousing and storage and 

distribution will be jeopardized if correct time of mobilization is not considered. 

2.13  Summary of the Chapter . This chapter broadly covers the effect of various 

determinants on the performance of supply chain management of infrastructure 

development projects primarily construction of road projects in disaster areas. The 

factors are almost common in all disaster hit countries of the world. Literature review 

encompassed intertwined prominent factors of overall environmental uncertainties 

(strategic and tactical), uncertainties in demand and supply, political / governmental 

situational factor, socio-economic situational factor, institutional drawbacks and 

infrastructural situational factor and communication and technology factor. These factors 

will be incorporated to develop a questionnaire which will help to acquire knowledge from 

experts and people associated with supply chain management and road projects in these 

areas. 
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CHAPTER 3 

Literature Review of Artificial Intelligence  

3.1  Introduction  

The pyramid of data, information, and knowledge recognized as DIK framework (Zeleny, 

1987) was developed during 1980s�±1990s. The idea was later transformed into concept 

with new word DIKW (data, information, knowledge, and wisdom),cited by Zeleny (1987), 

while he elaborated analytical details of framework (Jifa, 2013). The scientists, Ackoff 

(1989), Jifa (2013) and Nonaka (1995) proposed patterns and principles of DIKW 

framework. These scientists also built consensus on adding the word Moral to the 

framework of DIKW, wherein; they mutually agreed that wisdom should be steered 

towards good or wrong actions, then could be made distinct with addition of morality in 

the concept.  

Qian Xuesen (1990) presented grounded theory, �³�7�K�H�R�U�\�� �R�I�� �0�H�W�D-Synthetic �:�L�V�G�R�P�´�� 

This cohesive mix of social, natural, cultural, artistic and engineering science was aimed 

to acquire wisdom from old and modern times after collection of relevant information, 

knowledge, experience, and wisdom (Jifa, 2013). 

This chapter will express, examine, and evaluate elements of DIKW framework, which 

will stimulate clarity of Artificial Intelligence (AI) concepts and methodologies in the field 

of engineering. Lastly, the chapter will traverse through relevant concepts and 

methodologies required to nurture the research base knowledge into Expert System (ES) 

/ Knowledge Base System (KBS). 

3.2  DIKW Definition  

Elaboration of elements in hindsight of hierarchy / pyramid is Must to further explore 

DIKW framework as explained above. Over and above recent studies, the study 

conducted by Zin (2007) comprises of nearly 130 definitions for data, information, and 

knowledge, and these are cited / referred from 44 scholars. Surprisingly, wisdom is 
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sparingly defined as compared to other elements of hierarchy (Rowley, 2006).Besides 

hierarchy, intelligence has an important part too in this concept. Nevertheless, it may not 

be numbered as a separate level in the pyramid, as will be elaborated later. 

3.2.1 Data 

Data is fact or symbols which can be measured and stored but �G�R�Q�¶�W���S�R�V�V�H�V�V���D�Q�\���Y�D�O�X�H����

Data are considered as symbols which are extracted through observation of events, 

objects, and their environment (Aven, 2013). Data are viewed as quantitative facts, 

chunks of information and statistics, that may be measured, counted and stored(Zins, 

2007).  

More comprehensive elaboration is proposed by Liew (2013): 

�³Data are previously recorded symbols and signal reads in which symbols contain words, 

images, numbers and diagrams. Virtually, these are the building blocks of sound 

communication. Signals contain sensor or sensory measurements of sound, light, smell, 

taste and touch. Hence, the prime aim of data is to document activities or events, and 

endeavor to acquire the real picture or true event.�  ́

The above definition resembles with other elaborations suggested by Aven (2013) and 

Frick (2009). Now a days, in modern establishments, institutions / departments are using 

computer-based systems for recording and storing data in databases, in spread 

sheets(Frické, 2009) and extensible mark-up language (XML). In the Table 3.1 below, 

the illustration shows category of data stored in database which has no value or is not 

understandable. 

Table 3.1: Data stored in spreadsheet 

06052020     G S 
A R C D V Y N M A-B B-C A-C 
   RPM % PSI PSI PSI KV KV KV 

0100 14.2 12.1 8962.0 100 31.9 31.6 186.4 11.9 11.9 11.9 
0200 13.6 12.0 8953.0 100 34.2 33.2 187.5 11.9 11.9 11.9 
0300 14.3 12.3 8942.0 100 31.9 31.5 184.2 11.9 11.9 11.9 
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3.2.2  Information  

Information is in fact data with connotation. Information is pertinent processed data, 

wherein; data �G�R�H�V�Q�¶�W�� �S�R�V�V�H�V�V�� �D�Q�\��value unless it is converted into that type (Aven, 

2013). Therefore, the variation in data and information is merely functional, but not 

structural. Information based on practical underpinning contributes major role in 

formulating new hypotheses in arena of  actionable knowledge (Pronk, 2012). Hence, 

information is message with relevant impacts and gives meaning to actions and 

decisions (Liew, 2013).  

The debate on interrelation is valid till now as information science comprises of 

knowledge institutes and knowledge management (Zins, 2007).Figure 3.1 illustrates that 

information reaches us from historically processed data and existing communications 

through an automated conceptual enquiry which can head towards semi-automated 

integration between ontologies (Silberberg et al., 2005). 

 

Figure 3.1 DIKW hierarchy with knowledge representation, transformed from Mitzel and 

Silberberg (2005) 
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It can be explained again through Table 3.1; in which data was documented in log sheet 

hence, may be used if we have access of parameter codes and their measurement units. 

Henceforth, if we understand definitions of parameters, we can easily assimilate data, as 

viewed in Table 3.2. It clearly explains the power consumption load in National University 

of Science and Technology (NUST). The log sheet shows power load in Pakistan 

campus power station according to the load distribution control, as recorded on 05 April 

2019. 

Table 3.2: Power generation log sheet 

5 April 2019 N1GG 
Speed 

N2PT 
Speed 

GGInlet 
Pressure 

LP 
Discharge 

NUST Main Campus Station 

Time MW MVAR HP  
Discharge 

Generator Voltage 

A-B B-C A-C 
RPM % PSI PSI   PSI KV KV KV 

0100 6.3 4.2 5761.0 100 319 31 186.0 0 10.9 10.9 

0800 13.9 11.0 8952.0 100 325 33 197.5 0 10.9 10.9 

2000 8.5 4.2 6910.0 100 319 32 187.0 0 10.9 10.9 

 

3.2.3  Knowledge  

Knowledge is an integrated data, information, experience of individual / organizations 

and individual / institutional interpretation of thoughts and ideas.�³�.�Q�R�Z�O�H�G�J�H�� �L�V�� �D��

theoretical or practical thoughtfulness of a subject or a domain (Negnevitsky, 2005)�.́ 

Everything which is considered truth in a given context and motivate individuals to action 

when there are no inhibitions" (Andre Boudreau). �,�W�� �L�V�� �W�K�H�� �³�N�Q�R�Z-�K�R�Z�´��system or 

awareness that allows the humans to execute a task. Primarily, it combines three main 

elements: facts, procedural rules, and heuristics (Awad et al., 1996). The know-how 

process flows in continuity which can be attained in any organizational hierarchy through 

multiple means. Knowledge is generated in systems which have the dimensions of time 

and space (Hautala et al., 2014).  

Over and above, theory and practice, the knowledge contains tacit and explicit elements 

(Ibert, 2007). Tacit knowledge is mainly contextual which is not easy to practically 
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transfer, whereas the delivery / communication of knowledge in explicit form is simply 

codified as text (Hautala et al., 2014). Aven states (2013) that knowledge as know-how 

process can be utilized to produce instructions which are relevant to the given 

information. 

The under mentioned statements with reference to Table 3-2, represent an explicit (a) 

and tacit (b) knowledge, respectively: 

a. The highest power utilization in the projected timeframe of 5 April 2020 in the 

NUST main campus power station was documented at 8 a.m. showing value of 

13.9 W.  

b. Defect was visualized in indicator of voltage gauge - A-B.  

The creation of Knowledge needs interpretation and interaction as main system 

processes. The interaction system process is a two-pronged method wherein group / 

individual dialogues and rejoinders can challenge the thought process greater than mind 

machines and technology equipment (Berger et al., 1991).  

Retrospectively, the interpretation process is mean of attesting a simple linkage between 

information and knowledge; hence, it converts information into actionable and authentic 

knowledge (Davenport et al., 1998). Virtually, knowledge needs to be contextual and 

therefore, required to be implemented into a relevant context, may it be social, 

physiological, or psychological environment (Maeder et al., 2009). Henceforth, tacit 

knowledge should be transformed into explicit knowledge for optimal utilization in KBSs.  

3.2.4 Wisdom  

Wisdom is the individual or organizational ability to comprehend knowledge, add new 

knowledge, and practically apply this knowledge in decision-making process. Wisdom is 

in fact practical application of knowledge and valuable experience for day to day 

challenging circumstances (Sternberg, 1986). Versatile terminologies in both Western 
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and Eastern classifications are in use, though almost all these classes are connected 

with the concept of sharing enlightened knowledge to others, understanding and seeking 

self-knowledge, adding new knowledge in the literature, and carrying our practical 

applications with all concerns (Jifa, 2013). Contemporary literature and recent research 

has unleashed the dialogue about the concept of wisdom from two dimensions: culture 

and modern technology. No doubt, wisdom is the key component in creation of artificial 

and natural systems/ processes (Jaimini et al., 2014). Since the latest research is 

focused on the development of KBS model, and the emphasis will remain on wisdom. 

Wisdom may be crafted as follows (Jankowski et al., 2007):  

Wisdom = KSN +AJ +IP (intent) 

Wherein KSN, AJ and IP are elaborated as Knowledge Sources Network, Adaptive 

Judgment, and Interactive Processes in sequential order. 

Bellinger et al., (2004) reiterates that the wisdom is embedded in vision and design; 

henceforth, it embraces future rather than focusing on the past and the present. This 

process requires a soul, �D�Q�G�� �P�D�F�K�L�Q�H�V�� �W�K�H�U�H�I�R�U�H�� �F�D�Q�¶�W�� �L�P�S�O�H�P�H�Q�W�� �L�W�� �V�R�� �Q�R�U�P�D�O�O�\�� �D�Q�G��

naturally. The scientist has consensus on the point that the future might be modeled and 

predicted from the past and present environments. Sources of wisdom may come either 

from individuals or groups, and is commonly known as wisdom of crowd or the wisdom 

generated through machine, is known as Artificial Intelligence (Jifa, 2013). 

Taking an interesting example from industry e.g. If any specific item has been declared 

for major assembly overhauling, the product manufacturer will surely put default 

recommendations in the operation manual (e.g., as per running hours), the site engineer 

can temporarily hold or forward the recommendation / declaration decision basing on his 

experience and the standard operating procedures being practiced in the past which he 

learnt and understood during service. Adoption of these practices may create large 
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savings or lead to severe losses in machine performance, in addition to other financial 

impacts (Maxwell, 2013).  

3.3 DIKW Arguments  

DIKW framework uses hierarchy model to create relevant context for data, knowledge, 

wisdom and information, hence to recognize the transformation process of an object from 

lower to higher level, with presumptuous that the data can produce information, 

information can produce knowledge, and knowledge can produce wisdom (Rowley, 

2006). However, Rowley (2006) has disagreed with several other scientists over the 

contemplation of DIKW as wisdom hierarchy due practical nature of illustrating wisdom 

being key goal with the requirement to shift from an implicit method of explaining the 

hierarchy essentials to an explicit method. Zins (2007) endeavored to structure five types 

of models to express data, knowledge and information, with relevance of internal and 

external phenomena with the application of critical Delphi approach (which targets a set 

of experts and aims to build mutual consensus among them (Diamond et al., 2014). In 

reality, with addition of wisdom in the chain, the study would surely create more powerful 

impact.  

Prusakand Davenport (1998), postulates that the true knowledge elements are difficult to 

express, as these are combination of contextual information and outlined experience. It 

involves complexity of human brain and intuition, which shows that wisdom is calculated 

with different levels of knowledge domain. This idea has been agreed upon by Maeder et 

al., (2009), who delineated upon the historical evolution of transferring from data to 

information and thereon to gradual knowledge management. They have carried out 

differentiation between the two categories, knowledge as object (i.e. documented / 

customized reports and learning experience databases) and knowledge as elements (i.e. 

explanations, ideas, systems, and adequate rationale for taking actions).  
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Conversely, Maxwell (2013) proposed difference of knowledge and wisdom wherein; he 

suggested two science pragmatisms: authorised level which is associated to knowledge 

inquiry and aim-directed that is linked to wisdom inquiry. Knowledge inquiry is vindicated 

and altered triggering the rise of the wisdom inquiry. Irrespective of all the reasonable 

arguments, the construct of DIKW hierarchy as proposed by scholars validate a common 

perspective, wherein; the main elements are similar and organized in the same order 

(Rowley, 2006). The last argument (including author) implies that the elements of DIKW 

framework are authentic, hence, the �O�H�Y�H�O���R�I���Z�L�V�G�R�P���F�D�Q�¶t be eradicated, as it reflects the 

level of decision-making. The closest set of patterns that mimics contemporary thinking 

was brought by Mitzeland Silberberg (2005) with the alteration of accumulating the 

knowledge management process to perform as the shelter of all DIKW framework 

elements (see Figure 3.1). 

3.4  Intelligence  

The ability to comprehend and use valuable knowledge in the best decision making 

process is known as Intelligence. In reality, this term is closely related to wisdom, which 

is differentiated with use of wide experience. Negnevitsky (2005) argued intelligence as, 

�³�7�K�H���D�S�W�L�W�X�G�H to learn and comprehend, in order to solve real life problems and to take 

informed �G�H�F�L�V�L�R�Q�V�´�� Alternatively, we can compare between knowledge and 

understanding as the comparison between remembering and learning, which is needed 

at each stage (Negnevitsky, 2005). Therefore, thoughtfulness / learning / intelligence 

�F�D�Q�¶�W�� �E�H�� �W�D�N�H�Q��as distinct stage in the hierarchy (Bellinger et al., 2004), that is, making 

consensus with the later research of adapted framework as conducted by (Jaimini et al., 

2014).  

Intelligence has two perceived theories. Spearman led the first theory and he believed 

that all types of intelligence emerge from a universal factor (g) (Paik, 1998). The second 

theory is related to numerous intelligences, and this theory was steered by Sternberg 
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and Gardner (1999), who have mutually agreed that intelligence of different categories 

exist. Paik (1998) has agreed with both the groups; however, he has titled in support of 

multiple intelligence theories. The contemporary author has true faith in it because the 

individuals not intelligent in one area of discipline (suppose in applied mathematics) may 

be found very intelligent in other disciplines (suppose in humanities). In contemporary 

organizations, intelligence is combining intelligent practices with knowledge base 

management systems, which subsequently accomplish the strategic orientation of its 

operational usage (Rothberg et al., 2005). Retrospectively, from the human extraction of 

�D�Q�� �V�S�H�F�L�D�O�L�V�W�¶�V knowledge and adopting certain methodologies (i.e., one on one 

interviews, key observations and laddering, etc.) the concept of executing a computer-

run-model has become more effective, wherein; the domain experts are well poised and 

qualified enough to self-model knowledge with the usage of intelligent tools (Benjamins, 

2013).  

3.5  Human Intelligence  

Human intelligence is explained as, �³�W�K�H��skill and will to learn and comprehend, to crack 

complex problems, and to take thought �G�H�F�L�V�L�R�Q�V�´��(Negnevitsky, 2005). The scientists 

tried to frame a question which should elaborate how a theory of intelligence can be 

derived from general-purpose thinking theories which are presently existing in advanced 

AI and cognition psychology (Lohman, 1989). Three schools of thought are presently 

tackling the basic instinct of intelligence with the aim to postulate relevant theories 

(Rasskin-Gutman, 2009): 

a. The Psychometric School, measures intelligence via Intelligence Quotient (IQ). 

b. The Biological School, focused on correlating intelligent actions with neurons. 

c. The School of Cognitive Psychology, elaborates intelligence functions with mental 

process.  
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The IQ test is �F�R�Q�V�L�G�H�U�H�G�� �D�V�� �W�K�H�� �Z�R�U�O�G�¶�V�� �W�R�S�� �F�O�D�V�V�� �W�H�V�W�� �W�R��measure the intelligence 

standards of human beings in numerical, verbal and abstract fields. New assessment 

fields (i.e. an agility standard test and retention test) are extension of IQ tests in a new 

system called the Brain Quotient (BQ). As it is proved that IQ test does not encompass 

all areas of human life enactment, thus, agreeing with the theory of general-purpose 

intelligence (P. Carter, 2008). 

3.6  Artificial Intelligence  

At the end of World War Two, the British Mathematician and a Computer Scientist, 

Turing (1950), presented his on-hands experience in the innovation / development of 

code systems and also suggested theoretical concepts of a general computer to extract 

the main fundamental queries of AI (e.g. Is there any thinking without practical 

experience? Can computer machines think like humans? However, he had no evidence 

that could reply these challenging questions; rather, he innovated a game that could 

assess such thoughts, which was subsequently named as Imitation Game (Negnevitsky, 

2005). 

The concept of Imitation Game is illustrated in Figure 3.2. The first stage of the game 

shows three groups: the interrogator, a male (left), and a female (right). They are kept in 

separate rooms and were granted permission to communicate themselves with remote 

terminal set. The prime aim of the investigator is to distinguish in between male and 

female through art of questioning. The game thumb rule; male will try to prove the 

investigator that he is the female captive. In subsequent stage of the game (Figure 3.2, 

second phase), the programmed computer will replace a male, which will endeavor to 

cheat the investigator as was in the case of female previously. Resultantly, if the 

programmed computer could be able to cheat the investigator like the actual human male 

did, then research can conclude that universal computer has successfully passed the 

behavioral intelligence test (Turing, 1950). 
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Phase 1  

 

Phase 2 

 

Figure 3.2: Imitation Game presented by Turing, taken from Negnevitsky in 2011. 

Negnevitsky (2005)and Hernandez (2012) have tried to rationalize the functions and 

distributions in greater details in Turing Tests incorporating possible life examples (either 

through observation or interrogation).The larger arguable feature of Turing Test is while 

authenticating the machine intelligence, human beings are a benchmark of the system 

process; henceforth, the human judgment is in fact the real assessing strategy, which 

can be controversial. Additionally, another feature exists, wherein; the restraining conduit 

of teletype conversation can be valid till now (Hernández-Orallo et al., 2012).  

Hence, AI is the scientific study of manufacturing intelligent machines which can do tasks 

requiring an intelligent input if same is done by a human being (Bolter, 1984). System 

programs which fall within preview of AI can be distinguished between the knowledge 

imparted and the inference engine opposite to traditional programs with scientific 

calculations. It is due to obvious knowledge base through inference engine, thus offers 

easy method to trace input information as well (Widman et al., 1990). 

Enterprise Resource Planning (ERP) intelligent applications can be used and referred as 

a good example of AI tool, as it incorporates in it multi-discipline modules (i.e., finance, 

procurement, maintenance, inventory, etc.) in one or multiple program machine 

languages. In order to generate customized scientific reports, built-in business 

intelligence tools take a lead role with minimum possible time. 
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3.7 Concepts and Methodologies  

AI are the processes which undertake specified special tasks, and here the special tasks 

will require intelligence same as human beings (Widman et al., 1990). Negnevitsky 

(2005) presents another similar definition of AI as stated; �³�$I is a scientific study which 

has elaborated its goals and objectives as intelligent machines doing things that will need 

same intelligence as if performed �E�\���K�X�P�D�Q�V�´���� 

Teti (1997) categorized AI into different systems, methods, techniques, functions, and 

reasonable applications in manufacturing sector, where its implementation is very easy 

(Table 3.3). It is understandable now that AI methods are broadly being adopted in 

versatile manufacturing, engineering and construction departments (Teti et al., 1997).  

Table 3.3. Teti and Kumara (1997) �± Adopted functions/methods of manufacturing 

and construction industry. 

AI Tools and Methods in Manufacturing  

AI Functions AI Methods Manufacturing/Construction 
Sector 

Knowledge  
Learning  
Pattern recognition  
Decision Making  
Communication  
Reasoning  
Control  
Self-improvement  
Self-maintenance  
Goal-seeking  
Advice  
Self-organisation 

Expert Systems  
Knowledge Base  
Genetic algorithms  
Multi Agents 
Neuro-Fuzzy  
Simulated Annealing  
Systems  
Neural networks  
Fuzzy logic  
Hybrid systems  
 

Assembly  
Monitoring 
Design  
Milestones 
Control  
Inspection  
Construction / Production  
Scheduling Systems / 
Planning  
Construction 
Quality Management 

The Hybrid Intelligence Process can be explained as a problem solving device, which is 

formulated by assimilating greater than one intelligence method which can be shown 

near the base of the thematic triangle as presented in Figure 3.3(Madey et al., 1994). 
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 Figure 3.3:  Intelligent problem solving technique, adapted from Madey (1994) 

 

The current design method is in fact integrating multiple AI techniques among each 

other, owing to uselessness of disseminated representations and versatility of complex 

algorithm data in the true physical world (Dagli, 2012). The following under mentioned 

responses reconnoitre many of these AI tools; Artificial Neural Networks, Genetic 

Algorithms (GAs), Artificial Neural Network (ANNs), Case-Based Reasoning (CBR), 

Frame-Based System (FBS), Fuzzy Logic (FL), Simulated Annealing (SA),and KBS/ES. 

3.7.1 Artificial Neural Network (ANN)  

ANN is a Deep Learning application (with latest trends of AI) (Bengio, 2009). Deep 

Learning; also named as Deep Machine Learning is a category of machine learning 

algorithms. It employs cascade (with many layers of non-linear system processing unit) 

for extract of features. Every layer takes required output from the previous old layer 

systematically. Pattern analysis and classification are the most relevant examples. The 

learning process algorithms are the hierarchic based symbolizations (with multiple stages 

of features or representations of data). The upper stage features are extracted from 

lower stage features. 
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To elaborately define ANN, we need to further explore the terminology of neural network. 

The neural network �³�L�V���D���F�O�D�V�V�L�F�D�O model of cognitive reasoning and is grounded on the 

human brain�´��(Negnevitsky, 2005) which is formed of basic units (like artificial neurons in 

machine) and its interconnections. Primarily, the human brain possess an estimated 

1011 billion basic units called neurons that are further interconnected with 1015 billion 

linkages (Munakata, 1998). The architectural pattern of organically biological and artificial 

neurons as well as their mutually acceptable relationship is illustrated in Figure 3.7.  

  

Figure 3.4 Biological/Artificial Neuron, from Krenker (2011) and Negnevitsky (2005). 

In context of biological neuron, the information is regulated from dendrite into neuron, 

and thereon, from soma (the cell body) it is further regulated through axon. However, in 

the context of artificial neuron, the information reaches through inputs, and these are 

assessed individually. Thereafter, the artificial neuron calculates the sum total of the 

assessed inputs, prioritize them, and further process them through a transfer operated 

function. Lastly, the system processed information is regulated via outputs. 

Interconnections of artificial neurons later  make the ANN in the technique which is called 

topology (Krenker et al., 2011). Krenker (2011) proposed the mathematical expression of 

the artificial neuron model with following function cited from: 

    (�G��� �>�����G���Â�T�E(�G)+�>�I �E=0],  

Here y(k) is an expression of output value, �S�E(�G) is a weight / assessed value, �T�E(�G) is 

taken input, b is considered a bias, and F is the transfer function.  
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Mainly, only two main kinds of topologies exist universally from which we can further 

create multiple other possible topologies. It is illustrated in Figure 3.8 that the feed-

forward neural network (FNN) category shows regulation of information unidirectional 

from input to output, wherein; the recurrent neural network (RNN) is illustrated on the 

right side and presents regulation of information in forward and opposite directions. 

  

Figure 3.5: ANN main topologies, Feed-forward (FNN) and Recurrent (RNN), Krenker 

(2011) 

Hence, as like other AI tools, ANN can be employed in many applications. Prior to use of 

ANN in the real world (practical) field, it should be put for suitable training, as it inhabits a 

primary data set or experience to progressively integrate knowledge and thus, needs 

suitably adjusting weights (Ledesma et al., 2012).This method has previously been 

applied practically in gauging the quality performance of repairable object design in a 

preservation environment (Duer, 2011). Another developed application of ANN 

calculated energy consumption performance in a super store (Mavromatidis et al., 2013). 

3.7.2  Genetic Algorithm (GA)  

Holland and his student innovated and developed GAs at the University of Michigan 

during the era of 1960s and 1970s (Melanie, 1999). Holland explained term �*�$�� �D�V���� �³a 

technique for movement of chromosomes from one population (e.g., strings of ones and 

�]�H�U�R�H�V�����R�U���³�E�L�W�V�´�����W�R���D���Q�H�Z���S�R�S�X�O�D�W�L�R�Q���X�V�L�Q�J��universally adopted natural selection method 
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coupled with the genetics-motivated operators of mutation, inversion and �F�U�R�V�V�R�Y�H�U���´��

(Melanie, 1999).  

Thinking from different angle���� �³Genetic Algorithms are a group of stochastic search 

algorithms thus, �E�D�V�H�G���R�Q���E�L�R�O�R�J�L�F�D�O���H�Y�R�O�X�W�L�R�Q�´��(Negnevitsky, 2005).  

GAs has three main steps, which rationalize a common consensus between scientists 

Negnevitsky (2005), Melanie (1999) and Goodman(2014) and Teti (2008). These 

scientists mutually agree that GAs possess following operators:  

a. Choice of solutions basing on fitness.  

b. Making crossover to produce new off springs.  

c. New offspring Mutation. 

The colorful flowchart illustrated in Figure 3.5 is true reflection of GA functioning principle 

(Deb, 2001). The systematic process unleashes with the selection of random set of 

solutions and creating the population (i.e., making of binary strings with encoding 

solutions as chromosomes). The evaluation of the generation is carried out for 

appropriate fitness standards; the standard evaluation presupposes that mathematical 

calculations should maintain the required restraining violations and the objective function 

value. After that, a culmination stage should be countered (if in case applied), contrarily, 

the underlying process of making a new generation may unleash through three main 

operators as mentioned above (Deb, 2001). 

  

 Figure 3.6 Illustration of GA flowchart, taken from Deb (2001) 
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The purpose of reproduction process is to ascertain decent solutions and eradicate 

unwanted choices by adopting a mating pool �³it is a genetic concept being adopted in 

evolutionary computation. An alternative methodology is to segregate individuals who 

can mat and produce offspring from the rest of the recent �S�R�S�X�O�D�W�L�R�Q�´(Langdon et al., 

1997). The better fitness solutions will likely to withstand and survive for next generation 

basing on the evolutionary theory of natural selection (Munakata, 1998).  

After the cycle of reproduction, crossover method manipulates the population growth, 

which conglomerates the qualities of both the parents from the existing population and 

thus, produces new off springs and next generation (Roy et al., 2008). Mutation is the 

last operational process, conducted through random selection of a minor part of the 

optimized solution and exchanging bits (e.g., exchanging bit from 0 to 1 or bit from 1 to 

0). This step is based on the uncertainty of arriving at the desired solution may be even 

after crossover or many repetitions. This systematic process is continuously iterated until 

the positive optimal solution is attained (Negnevitsky, 2005). 

Figure 3.6 (a and b) below exhibits instances of crossovers and mutations. Firstly, a 

crossover line or point must be a random choice. This phenomenon is similar to copy a 

binary string from 1st portion of Parent 1 and the 2nd portion of binary string from Parent 

2 as shown in next generation (output) Offspring. The next phase is mutation process: 

the prime aim of which is to maintain preservation and familiarize diversity. As described, 

in the main principle, chosen binary string is upturned. Binary number 1 is substituted by 

0. 

  

 Figure 3.7 Crossover and Mutation embraced from Obitko (1998) 
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Many applications use GA models, maintenance schedule systems (Negnevitsky, 2005), 

financial institutions (Melanie, 1999), like optimized engineering designing (Roy et al., 

2008)and industry manufacturing (Deb, 2001). 

3.7.3  Case-based Reasoning (CBR)  

Case-Based Reasoning is a new model which associates machine learning and problem 

solving as the advanced AI subfields applied in recent years (Castro et al., 2011). CBR 

can also be explained �D�V���³the systematic process of resolving new challenges / problems 

by mental reclaiming of the most recent and relevant past problems through existing 

knowledge hub and embracing them to fit the new situ�D�W�L�R�Q�V�´ (Riesbeck et al., 2013). 

Schank suggested the concept of CBR in the field of AI after his in depth study of 

dynamic memory, later by enhanced repetitions and better system development models 

(Aamodt et al., 1994).  

The cycle of CBR cycle is shown in Figure 3.4. Essentially, the process goes in four axial 

stages: retrieve, reuse, revise, and retain. The process initiates with application of a new 

case which triggers from a definite problem (Aamodt et al., 1994). The new case 

retrieves a pattern of same category of cases which were solved in the known history 

and thus, recorded in the memory of KBS. Then, combination of new case with the old 

retrieved cases is made and intelligent logical pattern is conceived to solve the problem. 

Thereon, the re-visited/ revised solution set is authenticated (e.g., in the real world or 

hypothetically by experts or scholars) and subsequently repaired if it does work. At the 



 

71 
 

retain stage, adapted solution is updated in the system process after novel modifications.

  

 Figure 3.8: Aamdot and Plaza (1994) �± CBR Cycle 

The CBR cycle is debated where the critics claim that it only validates itself as general 

descriptive model process; henceforth, experts will find hard challenges in making a CBR 

from the theoretical perspective. In their scientific study, they have scrutinized and 

discovered the correlation between similarity-based reasoning, fuzzy reasoning, CBR 

and deductive reasoning (Finnie et al., 2003).  

In the last three decades, a large amount of CBR applications were generated, however, 

90% of them were not able to generate original creative solutions; they only retrieved 

previous solutions. 

In essence, that is the logic for innovating CBR model, where the user should adjust and 

decide the correct solution with help and support of CBR model (Zhu et al., 2013).To 

dominantly reflect few applications, fuzzy technique is being integrated with CBR to 

produce better product concepts (Wu et al., 2008). Additionally, this model is widely 

being adapted in industrial engineering areas (Watson, 1998), investments (Castro et al., 

2011) and financial institutions. 

3.7.4 Simulated Annealing (SA)  

Munakata (1998) explained the SA as a universal general methodology which can be 

adapted in many applications for many optimized problems. Furthermore, SA is suitably 
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recommended for undertaking complex optimization problems. The prime feature at the 

hindsight of this tool is that it offers pragmatic solutions irrespective of whether the 

resolution/ response may be optimum or otherwise in few cases (Ledesma et al., 2012).  

Predominantly, the idea of SA optimization methodology originated from analogous 

connotation of the steady cooling or the systematic process of pouring high energy down 

to a stage for obtaining a crystal. High temperature melts the metal. Thereon, if the metal 

is cooled swiftly, the molecules will tend to bind collectively well before approaching the 

extreme low binding energy levels and resultantly produce a defective metallurgy. It is 

not desirable in the local least prerequisite of the iterative processes. Henceforth, the 

starting temperature is adjusted very high and thereafter reduced steadily till it 

approaches the crystal state (Munakata, 1998). 

3.7.5  Frame-Based System (FBS)  

The frame based demonstration is extensively employed in intelligence systems and 

processes to proficiently explain objects and their physical correlations (Rao et al., 1993). 

Figure 3.11 is an illustrative of a distinctive setting of a boarding pass. Mainly, as it is 

reflected, the �³�)�U�D�P�H�� �K�D�V��data structure with classic knowledge on a specific object or 

idea�;́ therefore, frames are usually employed to obtain and define knowledge in a frame-

based ES. Each frame has a nomenclature and relevant set of categories or traits, 

holding their own characteristic values (Negnevitsky, 2005). For example, in the PIA 

boarding pass, the slot flight will have the value of PK4122 and the slot seat will have 

value 25B.  
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Figure 3.9: Frames of Boarding Pass 

Rules use pattern-equivalent sections in FBS to explore the matching situations within 

instance-frames. It is done via procedures which are called demons and methods, which 

are aimed to increase actions in the frames. The methods are more suitable if it is to 

tackle with the highly complex processes adopting �µ�Z�K�H�Q�� �F�K�D�Q�J�H�G�¶�� �R�U�� �µ�Z�K�H�Q�� �Q�H�H�G�H�G�¶��

declarations, whereas demons are suitable for if-then declarations(Negnevitsky, 2005). 

Negnevitsky (2005) highlights that frames can be utilized as ES applications in object-

oriented programming processes. This kind of programming may be explained as a 

programming technique that uses objects as a foundation of synthesis, design, analysis, 

and execution.  

The cognitive reasoning in the frame-based ES with comparison of the knowledge base 

framing along with portrayal of received facts and retrieving the best matching / similar 

class frame as per required condition which can be done via an inference mechanism 

known as inheritance (Abraham, 2005). An option of executing the strategy of a frame-

based knowledge depiction in asset-based process was chalked out (Karimi et al., 2003). 

It was displayed that frames can permit data / process modeling amalgamation in asset-
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based systems, which can help in reducing data and process redundancy, thus further 

refining preservation effectiveness. 

3.7.6 Uncertainty  

Zand (1998) argues that �³Uncertainty is some notion that gratifies the adages of 

�X�Q�F�H�U�W�D�L�Q�W�\�� �W�K�H�R�U�\�´����or the sensations that can be measured by uncertain quantity. Hop 

good (2011) states, that there are three key foundations that create uncertainty; we can 

set a rule in the process as follows: 

a. Uncertain evidence (Conceivably, it is not certain that Joe can visit today)  

b. Uncertain create linkage in between evidence and inference (It is not certain that 

the motor can breakdown while running; however, it d�R�H�V�Q�¶�W�� �K�D�Y�H��normal 

vibration)  

c. �9�D�J�X�H���U�X�O�H�����:�K�D�W���L�V���D�Q���³�D�E�Q�R�U�P�D�O�´���Y�L�E�U�D�W�L�R�Q�"���� 

Bayesian updating is recommended to tackle the first two points, whereas the third point 

must be resolved via fuzzy logic, which will be discussed later in the chapter.  

Let us evaluate the under mentioned rule regarding a steam boiler:  

IF the steam is leaking , THEN means the steam outlet  point  is blocked.  

Earlier, if blockage was observed in a steam outlet and no evidence existed at hand, the 

hypothesis might be taken as untrue. If no evidence of blockage was found, the Bayesian 

technique would assign a probability with hypothesis that the steam outlet was choked. 

Bayesian updating method updates this probability against the hypothesis. Hence, for the 

above rule, it has presumed an inevitability of outlet choking in case if there is a steam 

escaping. However, this supposition will turn as associative evidence only, and the 

Bayesian Technique will update the likelihood of the hypothesis via new testimony each 

time, which may head towards an optimum situation (Hopgood, 2011).  
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3.7.7 Fuzzy Logic  

A survey was conducted and found a rapid forthcoming increase in studies related to 

manufacturing sector in terms of quality improvement when compared with the previous 

survey record(Yaqiong et al., 2011). A variety of fuzzy tools such as fuzzy AHP, fuzzy 

QFD and fuzzy control were used to accomplish this quality improvement. In contrast, 

progression was revised in the use of fuzzy tools and how far it resolves different types 

of manufacturing issues in the last two decades (Azadegan et al., 2011) were studied. 

The strength was evident in disciplines of scheduling and aggregate planning and in the 

supply chain management during the past decade. Another survey by Wong and Lai 

(2011) identified the use of fuzzy set theory in production and operations management 

during 1998 to 2009. Overall results endorse the successful implementation of fuzzy set 

theory in a variety of applications related to quality control with using the control chart as 

a technique in the production process to handle problems related to the unstable data. 

3.7.8  Expert System  (ES) / Knowledge Based System (KBS)  

An ES or a KBS is one of the AI concepts and methodologies. According to Khan and 

Hussain (2011), the terms ES and KBS have the similar understanding and can therefore 

be used interchangeably. During development of ES, a considerable emphasis was on 

knowledge and its matching with the performance of human experts; therefore, they were 

called the KBS.  Khan and Hussain �������������� �G�H�F�O�D�U�H�G���W�K�D�W���I�R�U���W�K�H���(�6���� �³the goal is to use 

specialized languages to design a computer-aided systems �E�D�V�H�G���R�Q���D�Q���H�[�S�H�U�W�¶�V���W�K�R�X�J�K�W��

process�´�����7�K�H���F�R�P�S�X�W�H�U-aided system is the expert system populated with a Knowledge 

Base (KB). This KB contains rules, facts, and the captured knowledge from human 

experts (Nawawi et al., 2008) The pictorial representation in Figure 3.12 illustrates the 

main components of a KBS.  
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 Figure 3.10: Main components of the KBS, modified from Nmz (2012)  

Currently, there is an exponential increase in utility of KBS in different disciplines. The 

purpose is of minimizing the high expenditures of hiring experts and easing process of 

knowledge transfer within an organization, consequently improving productivity. 

The use of ES in manufacturing sectors is mainly because of the following features 

(Merritt, 2012):  

a. User friendly (easy to use).  

b. Dealing with uncertainty, where reasoning can justify imprecise data and rules.  

c. The ability of the system to explain and recommend solutions.  

d. Using forward and backward chaining techniques, which will be highlighted later. 

e. Effective data representation. 

According to Negnevitsky (2005), ES deploys symbolic reasoning to represent 

knowledge (i.e., facts, concepts, and rules), unlike conventional systems which are only 

dealing with numeric data.KBS, for example have investigated about water quality (Chau, 

2007), performance measurements (Khan, 2008), system advisory of ISO 9000 (Khan, 

1999), planning and designing of a flexible manufacturing system (Khan, 2011), and 

operation and maintenance strategies (Khan, 2014). 
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3.7.8.1  End User, Knowledge Engineer, and Domain Expert  

For development of an ES, five actors are mandatory to consider: the project manager, 

the knowledge engineer, the programmer, the domain expert, and the end user. 

Depending upon the size, criticality, and complexity of the ES, the roles of the project 

manager and the programmer might be tackled by the knowledge engineer (Negnevitsky, 

2005). In this research, the focus is on the members who are involved as part of the user 

interface assuming that the knowledge engineer has added roles of project manager and 

programmer. This can be observed in Figure 3.12.  

The knowledge engineer is the leader responsible for managing from planning to the 

implementation stages and future maintenance. Knowledge engineer develops a system 

to structure a problem domain and solve it by involving experts (Zuki, 2012). The 

knowledge engineer utilizes the written documents (e.g., manuals) and converts these 

into a KBS with the help of experts. A content analysis of 133 ES applications by Wager 

(2002) have categorized the ES problem domain into three main areas, given below:  

a. Analysis problems (e.g., diagnosis, classification, interpretation, and debugging).  

b. Synthesis problems (e.g., designing, planning, scheduling, and configuration).  

c. Combination problems (e.g., prediction, monitoring, instruction, command and 

control, and repair).  

The domain expert is the knowledgeable person who possesses skills to solve problems 

within that particular domain (Wagner et al., 2002). According to Negnevitsky (2005), the 

domain expert is the most important player in the development team and, therefore, the 

willingness of that actor to participate and putting of a substantial amount of time for 

project is highly important. The end-user is a person who can utilize the KBS after 

implementation (e.g., a senior technician, a manager, or a quality controller) and can be 

benefited from the overall system. 

A user interface is for communication of these members with the system. A variety of 

user interface determine whether modes of communication containing answers in the 
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form of yes or no, filling forms, or selecting items from menus. It also assigns the degree 

of details for solutions for assisting the end-user (Liao et al., 2004). Therefore designing 

of the user interface demand high attention by the knowledge engineer in terms of its 

screen display and the user interaction with input devices (Nawawi et al., 2008). The ES 

cannot be more than a �³�E�O�D�F�N���E�R�[�´��without effective user interface, which means that the 

system will not able to discover the information needed for the process (Awad et al., 

1996). 

3.7.8.2 Knowledge Base  

Award and Huntington (1996) have declared that the KB is a pool of facts and rules 

acquired by experts. (Khan, 1999) highlighted that most important representation of 

knowledge is in form of production rules, frames and semantic network (collection of 

items having links to show their relationships in the KB). Because ES use production 

rules are known as rule-based systems, with two general types of rules (Awad et al., 

1996): 

a. Definitional rules, such as �³IF the home city is Lahore, THEN the country is the 

�3�D�N�L�V�W�D�Q�´���� 

b. Heuristic rules, such as �³�,�)�� �W�K�H�� �Y�H�K�L�F�O�H�� �P�D�M�R�U�� �R�Y�H�U�K�D�X�O�� �L�V�� �Q�R�W�� �D�W�W�H�Q�G�H�G���� �$�1�'��

�W�K�H���P�D�L�Q�W�H�Q�D�Q�F�H���L�V���E�D�G�����7�+�(�1���W�K�H���Y�H�K�L�F�O�H���Z�L�O�O���E�U�H�D�N���G�R�Z�Q�´�� 

3.7.8.3 Inference Engine  
 

KBS has a backbone, the inference engine, triggering for reasoning and solution 

processes. The cluster of computer programs here uses the KB rules to coordinate 

between reasoning and inference to draw solutions. In case of no solution, the system 

may provide an answer with a qualifying certainty factor. Khan (1999) emphasized that 

the inference engine is an ES without knowledge and manipulates the knowledge 

represented in the KB using algorithms. According to problem solving approaches, it has 

two different categories: 



 

79 
 

 
a. Forward chaining: a data driven approach (deductive approach) that starts with 

known data and moves forward seeking a conclusion or new information (Awad et 

al., 1996).  

b. Backward chaining: a goal-driven approach (inductive approach) that starts with a 

goal as a hypothetical solution and with the help of the inference engine moves to 

find evidence to prove it (Negnevitsky, 2005).  

The pictorial representation in Figure 3.12 represents forward and backward chaining. 

   

 Figure 3.11 Forward and backward chaining, adopted from NM Zuki (2012) 
 

From the above figure, by implementing IF-AND-THEN statements, it can be seen that 

the initial facts in the forward chaining are A, B, C, D, and E to achieve the required 

answer. In backward chaining, solution commences with and goes backward to discover 

the initial facts. 

3.7.8.4 MYCIN Approach / Rule Based Decision Support Systems  

Rule based system is a simplistic model based on the statements of If / Then to execute 

the expert system. The system processes knowledge of human experts in a computer. 

Human being acquired knowledge is likely to be imperfect, imprecise, undefined or 

erratic. Development of rule based processes which encourages human reasoning, 
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methods of reasoning should be identified where uncertainty is existing. Uncertainty in 

the realm of AI denotes to circumstances where information is vague, imperfect or the 

usage of language is intrinsically inexact or information is based on approximation or 

incompatible. The standard method of rule based process is to enquire the user for 

information, yes or no. To tackle uncertainty the process needs to accommodate 

responses/ or retorts like maybe, perhaps, don't know or well it is anywhere in between 

low, medium or high. The information attained may be uncertain but appropriate 

conclusions can be extracted with attachment of some degree of uncertainty.  

MYCIN used this method, in one of the earlier rule based systems because it can 

effectively represent data and it deals with uncertainty where reasoning can justify 

imprecise data and rules. This approach uses backward chaining technique which is an 

inductive approach and is goal driven. Rule based expert system and MYCIN approach, 

if developed for the supply chain management of construction projects in disaster areas 

will be able to measure the supply chain performance.  The effects of various factors can 

be ascertained by making various rules. The intensity of each factor depends upon the 

judgement of sample population. The final intensity of major factors will represent the 

measured effect of each factor. The degree of prominence of each factor will be 

calculated by this system which will help in improving the supply chain performance. The 

results achieved are to be verified by some other technique. 

MYCIN  adopts uncertainty factors (Tsadiras et al., 1998). The certainty factor (CF, also 

called as confidence factor) is a quantity on behalf of a level of confidence that some 

conditions may be true. Certainty factor was executed contrarily in different processes. 

Confidence factor was realized from number -1 to 1. In MYCIN, which highlights a 

change in belief on some hypothesis. Absolute certainty is represented by 1 that it is true 

and absolute false is indicated by -1. They also applied the idea of threshold level, which 

is symbolized by ø (Heckerman, 2013). The value of threshold was taken as 0.2. It is 
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pertinent to remember that only those rules where confidence factor surpass threshold 

value will be employed in computations. 

  RI (cf)   =  �3�L�����F�I����� ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡  

     =  max {A(cf)�����%���F�I�������&���F�I�������'���F�I���`���”��-ø  

     =  0 if l Pi (cf) l <ø 

     = 0 if any two Pi(cf) are of opposite sign 

  R(cf)   = Confidence factor of rule  

  Pi (cf)   = Confidence factor for premise clause i 

  ø   = Confidence factor threshold level 

 Conclusion of Rule cf = RI(cf).R(cf)  

 

Figure 3.12: MYCIN Rule of Confidence Factor 

   C(cf) = cf1+cf2+cf3 - cf1.cf2.cf3  if cf1, cf2 and cf3 �• 0 

   cf1+cf2+cf3 + cf1.cf2.cf3   �L�I���F�I�������F�I�����D�Q�G���F�I�����”���� 

  Where  C(cf) = The confidence factor of conclusion 

    cf1  = The confidence factor of supporting rule 1 

    cf2 = The confidence factor of supporting rule 2 

    cf3 = The confidence factor of supporting rule 3 

In several applications the fuzzy information is retrieved from fuzzy databases including 

engineering, economics, medicine, and management.  
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3.7.8.5 Blackboard  

The blackboard is an area for working memory, to describe the current problem related 

to the user input data. It works similarly as Random Access Memory (RAM), a computer 

hardware. This area works as middleware in a hybrid system. In order to share 

information, it is a common data structure, which creates links in the knowledge sources. 

Therefore, it acts as a global store of the input data, variables, and the final solution. 

Utilization of the blackboard offers equal opportunities to experts to propose solutions 

before processing the final solution (Zuki, 2012). The contents in that area change 

according to the complexity of the problem and situations.  

3.7.8.6 Knowledge Acquisition Subsystem  

Award and Huntington (1996) mention about human participation in KBS and its division 

in two parts. In the first part the non-expert users seek a solution in a particular domain, 

and in the second part the process of knowledge acquisition takes place.  

Knowledge acquisition includes �P�D�Q�\���V�R�X�U�F�H�V�����V�X�F�K���D�V���H�[�S�H�U�W�V�¶���L�Q�W�H�U�Y�L�H�Z�V�����R�E�V�H�U�Y�D�W�L�R�Q�V��

�I�U�R�P�� �H�[�S�H�U�W�V�¶�� �Z�R�U�N�� �O�L�Y�H�V���� �D�Q�G�� �S�X�E�O�L�V�K�H�G�� �F�D�V�H�V��(Moud, 2009). Awad (1996) has 

represented the role of knowledge acquisition in various steps of the ES development life 

cycle (ESDLC), where it shows that it is a front-end step. Table 3.4 illustrates it by 

�L�G�H�Q�W�L�I�\�L�Q�J�� �I�H�D�V�L�E�L�O�L�W�\���� �V�H�O�H�F�W�L�Q�J�� �D�Q�� �D�S�S�U�R�S�U�L�D�W�H�� �H�[�S�H�U�W���� �U�H�F�R�U�G�L�Q�J�� �D�Q�� �H�[�S�H�U�W�¶�V�� �N�Q�R�Z�O�H�G�J�H����

plugging in the gaps, verifying and validating the rules, and finally repairing and 

upgrading the system. 

Table 3.4: ES Development Life Cycle 

Ser ESDLC Step  Knowledge Acquisition Activity  

1. Problem identification and 
feasibility determination.  

Seek out a champion  
Locate a cooperative domain expert  

2. Knowledge acquisition  Apply appropriate tools to tap the expert's knowledge  

3. Knowledge representation  Represent the expert's heuristics via prototyping.  
Verify the rules with the expert  

 

4. Verification/Validation  Correct existing rules and add missing rules by working closely 
with the experts through rapid prototyping  
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5. Implementation  Work with the user to ensure system acceptance and proper 
training  

6. Maintenance  Meet with the expert and the user to determine procedures and 
content with maintaining and updating the system.  

 

Following are the most common knowledge acquisition techniques: structured interviews, 

unstructured interviews, psychological scaling, card sorting, and protocol analysis 

(Wagner et al., 2002). These techniques require skilled experts and the knowledge 

engineer to aspire and structure the knowledge. 

3.8 Gauge Absence Prerequisite (GAP)  

Gauge Absence Prerequisite (GAP) is a tool which is employed in the KB system to 

ascertain the performance of infrastructure projects in man-made disaster areas. It is 

used as a tool of benchmarking. It can benchmark the current performance of project 

with the desired future performance and can estimate the performance gap between 

them (Nawawi et al., 2008).  

The GAP is amalgamated with hybrid KBS as a benchmarking tool in some areas, such 

as supply chain management (Giaglis et al., 2006), performance measurement systems 

(M. Khan et al., 2008), lean manufacturing (Nawawi et al., 2008), low volume automotive 

(Mohamed and Khan, 2011), and maintenance strategy and operation (Mohamed et al., 

2011). 

Khan (1999) listed some generic objectives of a GAP analysis. It is used to organize the 

action list depending on priorities, identify high-level issues from low-level issues, identify 

weaknesses and strengths in current practices, and provide a quantitative basis of the 

existing system to be compared with the effective functioning. In addition to that, it can 

identify the main issues that act as critical failure factors to effective implementation.  

3.9  Applications of AI in Project Management  

Literature has evidences of wide utility of AI in project management, including 

management of projects in man-made disaster areas. The focus is observed mainly on 

management of technical data (project management tool) that relates to retrieving old 
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cases of project management in disaster areas and suggests an optimal remedial action. 

For example, Automated Explosive Ordinance Disposal Publication System (AEODPS) is 

knowledge based system or expert system developed by United States Army which is  

forward chaining system based on hundreds of rules (Gajzler et al., 2010). Motawa and 

Alarshad (2013) developed a Building Information Modeling (BIM) system with Case-

Based Reasoning (CBR) in order to develop a KBS to retrieve old maintenance defect 

solution cases. KBS was developed to interlink building health facility showing reports 

with associated investigations within a system which is known as Building Diagnosis 

Navigation (BDN) system (C.-Y. Chang et al., 2013).  

Mohamed and Khan (2012) mention about several software and commercial shells for 

developing organization decision making process with the support of AI KBS technique.  

3.10  Chapter Summary  

This chapter has discussed in brief about data, information, knowledge and wisdom 

(DIKW) framework hierarchy. Various AI techniques, concepts and methods were 

discussed to solve various complex problems. From all these concepts, the most 

common and practical concept identified suitable for the supply chain management of 

road projects in disaster areas is the Rule Based Decision Support System using MYCIN 

approach which will be used as driving tool / methodology for the new application. The 

widely use of Rule Based Decision Support System in manufacturing and many other 

sectors has been noted. In addition, the chapter has also explained two terms, Certainty 

Factor and Expert System methodologies, which will be integrated later with the 

qualitative approach. 
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CHAPTER 4  

Research Methodology  

4.1 Introduction  

In order to select the suitable methodology to solve the problem in hand, detailed 

research methodologies are discussed. Data collection techniques are explained in this 

chapter. The data is collected depending upon the research methodology employed. 

Primarily, two methodologies are discussed; qualitative and quantitative approach. 

Detailed procedures to select and implement these research methodologies are 

described.     

 After establishing research objectives through a literature review and feedback of 

experts, causal analysis of repeated problems of construction industry will be conducted 

with specific variables. Empirical research highlights that variables may be categorized in 

two main types: dependent variables (DV) and independent variables (IV). Dependent 

variables are output based (Trice et al., 1988). DVs were established/ deduced from 

research objectives and are subject to changes in conformity with other variables. 

Overrunning time and cost of supply chain will be dependent variables as these are 

affecting overall performance of road projects. Independent variables are mainly input 

based and the resultant outputs are the dependent variables. Data collection is 

cornerstone of the research which is sought from open and independent sources 

including all independent variables  which may be effecting dependent variables 

(Gillham, 2008).  

4.2 Sources of Data to Identify Requirements / Needs  

Open sources literature on supply chain management of road projects related to disaster 

areas provides valuable data that can be easily sifted, sorted, identified and utilized in 

sequential form for determining factors affecting supply chain performance (time and 

cost) of road projects (Hällgren et al., 2008). However, empirical research implies to 
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undergo a paradigm shift of needs analysis from description-centered research on data-

collection, to action oriented research approach (�2�¶�%�U�L�H�Q���� ��������). The action approach 

prompts active role of the researcher as continuous cycle of defining and refining future 

and recent requirements, anticipating changes and executing solutions with strong 

monitoring mechanism at the same time. Both quantitative and qualitative methods 

produce desired outputs, however, though neglected but essential determinants like 

human intuitions, foresights, emotions and feelings work equally well with data analysis 

(Creswell et al., 2007). 

Research has identified challenges of data bank (open sources) and systems of supply 

chain management of road projects in disaster regions using bulk literature review, with 

purpose to investigate anticipated incongruence between theory and practice of supply 

chain performance (Assaf et al., 2006). They found that substantial data already heldwith 

organizations was gathered for some other purposes rather than improving productivity 

of supply chain management of construction projects. They reiterated that preexisting 

data cannot be underestimated as it is relevant with supply chain performance 

challenges but fears exist about applicability, relevance, sustainability and authenticity of 

such information peculiarly with reference to disaster areas for gauging performance 

issues. 

4.2.1  Gathering Data  

Data collection is an important step in research followed by identifying sources so as to 

reinvigorate the need for paying special attention to techniques and methods applied in 

the process. Though many writers (Kothari, 2004) �W�D�N�H�� �µ�P�H�W�K�R�G�V�¶�� �D�Q�G�� �µ�W�H�F�K�Q�L�T�X�H�V�¶��

separately, but this study surely identify the difference between the two entities. People 

working on projects have gradually discovered many methods of data collection like 

useful questionnaires, lengthy interview sessions, critical observations, mutual 

discussions, periodical reports, records and job analysis(Kothari, 2004). However, 
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correspondingly techniques are the 'procedures which are used for conduct of analysis 

and the analysts will use some of the methods to carry out the techniques�¶. For 

examples, job description analysis, special task analysis, grey areas and strengths, 

opportunities and threats (SWOT) analysis, and evaluation appraisals (Linkov et al., 

2004). 

Research methods are categorized on the basis of quantitative and qualitative data 

(Jamil, 2006). The researchers further explained that quantitative data (sought from 

questionnaires output)has the potential to extract importance of several intellectual 

arguments/ opinions (Alkinani, 2013). Furthermore, quantitative method for collection of 

data is more fruitful when sample size is considerably large. Therefore, these methods 

are simple and economical for analysts, facilitate administration and are more reliable 

especially when quantification requires greater clarity. Qualitative methods accords 

priority to primary definition of some object using methods such as interest groups, site 

evaluations and existing literature or valuable records. Empirical evidence notifies the 

use of these methods when data analysts seek deep understanding quantitatively Jamil 

(2006). To do so, data analysts needs strong communication and listening skills and 

refined engagement of objective and subjective observations (Denham et al., 2008). 

Each method has pluses and minuses, therefore it is preferable to depend upon more 

than one method for reliable results (Wagonhurst, 2002). 

4.2.1.1 Questionnaires  

Questionnaires are effective research tools in accessing and identifying real needs in 

disaster region, especially when entrenched in inclusive and integrated strategy 

(Rummler, 1987). Questionnaire methodology is comprehensively described in existing 

literature (Goldstein et al., 2002). Leng (2013) states that survey is a common method of 

determining the project requirements. Feedback of questionnaire can be obtained from 

randomly chosen employees and site managers and there are also cases where it is 
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considered appropriate to include complete department or the organization in the survey 

(Coetzee, 2007). Surveys can be conducted with various means but questionnaire is 

always the most popular method. It is focused on supply chain managers, suppliers, 

project managers, locals and workers of consultants/ clients and government officials in 

specific areas to identify needs of supply chain  performance (Leng et al., 2013). 

It is pertinent to mention that survey questionnaires are cost effective and reliable and 

provide both qualitative and a quantitative feedback (Mathison, 1994). Moreover, it is 

important to note that survey data is protected from any manipulation and meets the 

ethical criteria in domain of statistics or an endeavor to disapprove self-centered interests 

(it has more relevance in industrial sectors where hierarchical system prevails strongly in 

form of employees and employers). Special care is required in safeguarding respondent 

anonymity to the maximum possible extent (COUSTAN et al., 1989). Similarly, the 

authenticity of questionnaire feedback is directly linked to design, administration and 

analysis of questionnaire format (O'reilly et al., 1994). Designing relevant questions and 

use of appropriate structure is essential to explore specific performance deficiencies in 

disaster areas. 

In this research, the standardized questionnaires are being used. These are more 

relevant to employee versus employer (consultants, clients and contractors,), political 

authority versus local inhabitants, opinion polls, managerial climate and culture feedback, 

and general requirement based project surveys. The literature shows careful 

development of questionnaire over a period of time and thereafter, rigorous testing for its 

reliability and cogency. Generalized nature of these questionnaires is more suitable for 

inspecting the outcome of variables / factors on supply chain project efficiency where 

goals are less specified in nature.  
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4.2.1.2  On-site Observations  

Onsite observation methods are helpful in differentiating effective and ineffective notions/ 

manners, structures of well-developed organizations, processes and job description 

analysis. Valuable data can only provide useful results/ analysis if subject experts are 

assigned responsibility for studying observations. They must have specialized 

experience, acumen and knowledge of the relevant field which they are observing 

(Patton, 2005). So, the method will be only appreciable if it is measurable/ observable 

and can be analyzed in the light of pertinent skills and abilities to perform the job 

optimally (Patton, 2005). Observation based data acquired onsite may not be robust 

enough to draw rigorous conclusions, therefore it is necessary to synthesize onsite 

observations with some category of quantitative data methods like questionnaires, so as 

to improve the authenticity. With combination of project necessities and feedback, onsite 

observations provide superior qualitative information on macro level whereas quantitative 

information is sought mostly from micro or employee / managers level (O'reilly et al., 

1994). In the observation collection method, relevant information / data can be gathered 

only when teams are performing actual tasks and deeply involved in executing projects 

(Coetzee, 2007), whereas the observer narrows his focus on onsite supply chain teams, 

political hierarchy, locals, and clients and observes the way they are performing in the 

field on their jobs and notes down information about their behavior patterns, job 

efficiency, relational skills, and time / cost issues disaster areas. 

4.2.1.3  Interviews  

Interviews provide direct access to the stake holders i.e. supply chain managers, 

suppliers, clients, consultants, and local population; for seeking credible feedback on the 

supply chain performance and is considered to be increasingly useful tool in research 

(Tyson et al., 1985). This is a useful platform for research analysts as it gives clarification 

of critical needs from point of view of manager (O'reilly et al., 1994). In the practical 
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realm, only selected employees can be chosen for interviews but comprehensive insights 

and realistic analysis about performance of projects in disaster regions can be possible 

with responses of questionnaires. This method unravels issues which may not be noticed 

through other research techniques. Nevertheless, on the lines of other qualitative 

methods, like interest groups and observations, optimum results of interviews can be 

achieved when mixed with other data collection means like quantitative research tools as 

questionnaires. 

4.2.1.4 Performance Appraisal Forms  

Researchers use Performance Management Systems / Performance Appraisals for 

collection of data for measuring supply chain performance in disaster regions. 

Performance Management is conceptualized as a "process which emphasizes individual 

conduct and organizational strategies / objectives by defining performance in the context 

of those objective; and mutually developed by managers and his aides / informers 

(Landy and Conte; 2010).  Performance Appraisal holds a significant position in 

Performance Management System as a tool for data collection and may be defined as "a 

systematic process which identifies, observes, measures and records job-specific strong 

and weak aspects of project " (Erasmus and Schenk; 2008) 

Performance Appraisal Method is considered as rather an intricate and controversial tool 

for data collection in the field of human resource (Roberts, 2002). Use of performance 

appraisals is questionable in disaster areas due to many problems associated with this 

method and therefore may have negative influences in accurate identification of needs. It 

is claimed that Performance Appraisals possesses multi-purpose dimension and is 

leaned to work for many objectives simultaneously. As per perception of raters, this 

method carry a lot of biases like halo effect, provenance, primacy-regency, and strictness 

vis-a-via leniency which may pollute correctness of project data. Therefore, it is 
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recommended that performance appraisals should be used in combination with other 

methods like surveys and interviews to yield more authentic and realistic results. 

4.2.1.5 Assessment Centers  

Tracey (2004) suggested Assessment Centers, another important data collection method 

for assessment of project needs. Assessment Centers generally comprises of 

combination of many different methods/ measurements like individual interviews, 

noticeable performance on system generated roles, psychometric evaluations, written 

tests, character plays, in-basket exercises, peer reviews, business tricks and seminars to 

recognize training needs. However, Assessment Centers may not beneficial to all 

organizations due to high underlying costs. Corporates which can afford use of costly 

and complex systems are huge giants and are well-established. This method is mostly 

recommended for senior managers in big corporate. 

4.2.1.6 Advisory Committee  

An advisory committee is comparable to a focus group; it believes in group decision-

making techniques and involve company employees at all tiers. The employees are 

taken as knowledge workers. This method provides rich dividends, as it improves 

participation of management and it has comparatively less cost effect. Since it involves 

participatory decision-making therefore, makes implementation of results very easy 

(McCoy, 1993). This method does have grey areas as it consumes more time, may lead 

to some challenges in smooth conduct of meeting of all organization members as well as 

grouped thinking syndrome with regards to group decision-making (McCoy, 1993).  

4.2.1.7 Knowledge, Skills and Abilities (KSA)  

Assessment of �H�P�S�O�R�\�H�H�V�¶�� �.�Q�R�Z�O�H�G�J�H���� �6�N�L�O�O�V�� �D�Q�G�� �$�E�L�O�L�W�L�H�V���.�6�$�� can be conducted by 

holding tests. Such tests will help to further probe if performance gap is the result of any 

lack of knowledge, skill and ability or if diagnosed issue can be treated by focusing on 

problematic attitude. KSA tests make data analysis and comparison of findings very 
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easy. However, scarcity lies in running reliable tests which would be accurate in gauging 

a specific scenario (Goldstein et al., 2002). Table 4.1 below demonstrates advantages 

and disadvantages of used schemes / methods which may influence type and quality of 

acquired knowledge. 

Table: 4.1 Schemes of Data Collection (Anfara et al., 2002) 

Scheme  Adv antages  Disadvantages  

Q
uestionnaire

 

May take the form of survey or opinion polls 
of random or stratified sample or whole 
population. Multiple formats may be used 
like open ended, closed, projected, forced 
choice or sliding scale. 

Can take feedback from 
a comparatively bigger 
community in less time. 
It is less costly. 
Offers chance of 
expressing without fear 
of humiliation. 
Data can be easily 
squeezed, analyzed and 
reported upon. 
 

Gives little choice of 
liberal response. 
Needs considerable time 
for formulating 
questionnaire. 
Not able to optimally 
identify root causes of 
problem or worthwhile 
solutions. 

O
bservation

 

May be procedural, purposeful and 
behavioral. 
Can provide qualitative and quantitative 
feedback. 
Can be made unstructured. 
 

Assumed to least 
interrupt work flow or 
routine activity. 
Produces real time data 
collection. 

Demands availability of 
expert observer with 
system and content 
knowledge. 
Enables to collect data 
only in work 
environment. 

F
ocus G

roups
 

Extensively used technique, 
May be formal or informal. 
May narrow down on pin point problem, 
objective, mission or theme. 

Interaction between 
varying viewpoints is 
possible. 
Increases "buy in" bias 
with consensus. 
Make good listener, 
analyzer, negotiator and 
problem solver. 

Methodology takes more 
time both for consultants 
and group members. 
Data produced is difficult 
to quantify. 

Interview
s

 
Can be employed with chosen sample or 
complete group. 
May be structured and unstructured. 
May be informal or formal. 
Can be planned one to one, on mobile/ 
phone, at any work place or any other 
designed area. 
 

Expose attitudes, identify 
causes of problem and 
leads to possible 
solutions. 
Obtain feedback: product 
data is useful. 
Allows spontaneous 
evaluation and response 

Time consuming. 
Quantification and 
analysis of results is 
difficult. 
Expert interviewer is 
required who can obtain 
useful data without 
making other side 
conscious of pros/ cons. 

P
erform

ance 
A

ppraisal
 

Should be a regular feature. 
Merit argument be kept separate from 
appraisals. 
May be planned informally. 
It should be systematic. 
Should be developed by Human Resource 
and executed by manager appraisal. 
 

Highlight strong and 
weak aspects and find 
out project needs. 
Can help in selecting 
candidates for merit 
award/ promotion. 

Will be a costly system to 
implement and process 
results. Manager can 
influence rating. 
Supervisor bias may 
annul. 
Union employees may 
exploit the process. 
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 Table: 4.1 Schemes of Data Collection (Anfara et al., 2002) 

Method  Advantages  Disadvantages  

A
ssessm

ent 
C

enters
 

Participants will meet the criteria of 
completion of exerciser battery to gauge 
strength areas for project development. 
It is for management development. 
Identify potential of people by putting them 
in a simulated management scenarios. 

Early identification of 
people potential for   
advancement. 
More authentic than 
intuition. 
Minimizes chances of 
pre-conceived notions 
and enhance objectivity 
in the selection process. 

No hard core criteria for 
identifying potential of 
people. 
Time consuming and 
costly. 
Can be used to identify 
development needs as 
compared to high 
potential. 

A
dv

isory 
C

om
m

ittee
 

Seeking data and worthwhile information 
from people/ groups who are authentic and 
credible in human induced disaster regions. 
Provision of data from consultants using 
methods like interviews, group feedback and 
questionnaire. 

Easy and less cost. 
Allow intellectual 
feedback and informal 
interaction of many 
individuals as per group 
needs. 
Strengthen avenues of 
communication. 

Biased perspective. 
Unable to present 
wholesome scenario 
because of the 
representation from a 
group not the population. 

T
ests

 

Test the skills, knowledge and ability of a 
board, staff or committee member. 
Can be conducted in a supervised way. 

Helps in determining 
shortage of skills, 
wisdom / attitudes. 
Simply measureable and 
comparable. 

Should be prepared for 
audience and credibility 
may be objectionable. 
Unable to identify if 
knowledge and skills are 
truly being used in the 
job. 

4.3 Research Methodology  

The objective of the research is to find out the determinants which hamper progress of 

supply chain management of infrastructure development in disaster regions. The choice 

of methodology unleashes with the understanding; what is, and how it will be 

accomplished (Eltaweel, 2011). Literature Review argues that the research methodology 

selection process should pass through three stages. First, decide which evidence is to be 

gathered, from where the researcher will collect it and how this evidence will be able to 

justify central research question(s). Hence, keeping above aspects in view, the ongoing 

research will gather qualitative and quantitative data from employees of two companies. 

Mixed Method Approach will facilitate the researcher to acquire further insights in 

management practices of troubled areas. Second, the researcher should choose a 

research strategy. For instance, an inductive approach is preferable as it is focused on 

better understanding rather than mere description of a particular phenomenon. Verily, 

this strategy is pertinent for ongoing research as it is aimed at better comprehension/ 

investigation of the research title as to how practical tools of management are being 
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implemented in disaster regions. Third, the researcher is required to develop a sharp 

focus in comprehending the phenomenon in spotlight, and capable of enhancing this 

understanding with reference to previous research (Gill et al., 2010). Systematic 

endeavor will be made to achieve such level of understanding in this study with special 

attention to previous research. This scheme will ease to draw comparison with respect to 

previous research methodologies and conclusions. 

Under mentioned sections deliberate upon the methodology used in this research. It 

describes aim of study, selection process of samples and reliable justification in the 

selection. The study is using both qualitative and quantitative approaches. Operation and 

social research uses these approaches. The researcher has used questionnaires and 

semi structured interview formats for collection of data from managers, locals, clients and 

private / public listed contractors. 

4.3.1  Ontological and Epistemological, Methodological Assumptions  

It is widely argued that �L�Q�G�L�Y�L�G�X�D�O�¶�V���L�P�S�U�H�V�V�L�R�Q�� �R�I��reality is known as ontology, whereas 

the visual means which helps an individual to acquire knowledge is known as 

epistemology (Crotty, 2012). An interrelationship exists between ontological/ 

epistemological assumptions of researcher and his research methodology as one 

influences the second in a sequential pattern (Grix, 2010). Ontological and 

epistemological assumptions has a tendency to overlap; therefore, they form a 

theoretical dimension (Crotty, 2012).  

4.4 Research  Strategy  

A positive -interpretive view was observed most appropriate for this kind of research, as 

it narrows down to understand social circumstances and the gradual processing of ideas 

with extrapolation of collected data using experimental means (Grix, 2010). This process 

inspires research strategy by providing multiple data gathering tools which are found 

relevant with data collected from the supply chain and infrastructure development 
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industry of disaster regions of the world. Qualitative and quantitative data which depend 

upon on experiences, perceptions and stance of workers in that field is also considered 

the most appropriate way. Furthermore, it explores the existing situation and trends, to 

measure project development needs, and determines probable obstacles in the way 

during the implementation phase in disaster areas.  

Literature Review identifies seven broadly used strategies for collection of primary data: 

archival scrutiny, laboratory or field experiments, case studies, ethnography, field survey, 

grounded theory and action research (Saunders, 2011). Keeping in view objectives of 

research (as already discussed), this study will prepare questionnaires and interviews 

and use as primary tools of research. These methods will be subsequently deliberated 

further in this portion. The researcher anticipates that findings of the study will help 

stakeholders (who are involved in supply chain management of road projects in disaster 

regions)to gain rich insights. In order to acquire the desired results, the questionnaire has 

been framed in an expert way which will instigate the participants for deliberate input / 

answers which will conversely produce valuable findings after a comprehensive 

statistical analysis. It will be further discussed more at later stage in this section. 

4.5 Research Design  

Research design is, in fact, a broader plan as to how this study will answer specific 

research questions, which will start from data collection and reach till data analysis 

stage, surely giving due importance to ethical issues (Bryman et al., 2015). In addition, 

the research plan should facilitate in answering following questions: What this research is 

all about? Why this subject is exclusively under study? How it will be carried out? And 

where the study will be done? The researcher should anticipate step by step answers to 

these questions, and scheme should appear logical and convincing (Maxwell, 1992). 

Existing study is focusing on answering above questions in the following part of section.  
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Research design is perceived as a strategic plan for carrying out research (Bryman, 

2015). The main components of the research process should follow a step wise 

sequence, which is essential for attaining desired objectives. The designing process of 

research leverages the researcher to stipulate specifics of research task and to develop 

strategies that can provide the best possible opportunities for acquiring robust and 

credible results (Bryman et al., 2015). Under mentioned Figure 4.1 illustrates an outline 

process of research design which this study will follow to yield desired objectives. 

 

  Figure 4.1: The outline process of research design 

This research has based its introduction and literature review primarily on the 

environment created as a result of man-made disaster areas for investigating supply 

chain performance from a circumstantial perspective. The researcher has adopted mixed 

method approach as research methodology which can muster both quantitative and 

qualitative data / information, and will give the researcher a deep look into the topic. 

Thematic analysis and statistical tools will be used for processing the data to get the 

findings which will be subsequently discussed and interpreted. In a nut-shell, research 

design of this study project will adopt a linear model which has proved successful in 

practice. 
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4.6  Approaches and Techniques  

Empirical study describes research approaches into two broad categories: quantitative 

and qualitative. Research methodology is considered as choices made as which cases 

are to be studied, the schemes of data collection and types of data analysis (Silverman, 

2015). Each approach maintains specific epistemological and ontological assumptions, 

and implications are different for each assumption during collection and later 

interpretation of data (Neuman, 2002). Both quantitative and qualitative approaches have 

been selected for this study as these both are compatible to research aims. Literature 

Review draws comparison between quantitative and qualitative methods as �³among 

various categories of data we can identify a fundamental difference between quantitative 

(related to numbers) and the qualitative (related to words and content���´��(Silverman, 

2015). Empirical work (Bryman, 2015) explains that quantitative researchers view 

qualitative research as an exploratory method of carrying out social inquiries. Three key 

differences are observed in qualitative and quantitative approaches (Bryman et al., 

2015). Qualitative researchers explores complicated interrelationships between multiple 

variables, while quantitative researchers are more interested in seeking explanations 

recognizing as main purpose of investigations. 

a. Advocates of qualitative research view it as a worthwhile tool to create meaning 

through deliberate understanding and reasoning. 

b. The biases of researchers are more pronounced in qualitative research and 

limited in quantitative research.  

Therefore, the researcher has used mixed method approach to enhance the benefits of 

both quantitative and qualitative approach, thereby reducing associated disadvantages, 

in this research to inquire the determinants of overrunning time and cost of supply chain 

in disaster areas. This systematic mixture is anticipated to permit each approach to 

recompense for weaknesses of other.  
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Many researchers take positivist and interpretive models as complementary; as each 

approach is distinctive with its advantages and disadvantages. Subjective evaluation of 

quantitative and qualitative models facilitate us compare strengths and weaknesses and 

determine how varying approaches will be complementing one another (Teddlie et al., 

2009).  

4.7 Application Mixed -Method Strategy in the Current Study  

The research may be qualitative, quantitative, or combination of the both (Rajasekar et 

al., 2006). The qualitative model is more relevant to the social research where 

investigation of phenomena is not explainable with numbers and indices. 

Retrospectively, phenomena is relatively better understandable with descriptions of 

events by participants (Bryman et al., 2015). In qualitative model, content information is 

collected in words rather than numbers (Leedy et al., 2005). Qualitative model inquire 

�L�Q�W�R�� �U�H�V�S�R�Q�G�H�Q�W�V�¶�� �S�H�U�F�H�S�W�L�R�Q�V and behaviors for a particular phenomenon (Easterby-

Smith et al., 2012). Hence, this research depends upon its qualitative means to 

investigate various issues. Semi structured interviews which will be conducted during 

course of research for data collection will help to analyze emotions and opinions of 

suppliers, contractors, managers, consultants, locals and clients.  

In social sciences, quantitative model, is a broad term in which researcher makes optimal 

use of statistical tools for analysis to investigate expected relationships between different 

variables (Bryman et al., 2015).Quantitative research acquires data which can be 

measured and analyzed in numerals. This statistical data can be easily converted into 

charts and graphs, and its value can be tested with standard measures of reliability and 

validity. The purpose of quantitative research is to identify trends or theories which can 

explain a particular phenomenon. Quantitative research may take a different course form 

actual research plan and its results can be comparatively better analyzed and 

interpreted. Current study is also connected with positivism, therefore, the researcher 
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wants to give strength to the empirical nature of this study. It can be comfortably 

achieved with addition of quantitative data. The quantitative approach helped the 

researcher to conduct a sample study using questionnaires and subsequently collect and 

analyze data. 

The above referred approaches are not conjointly exclusive, however, it is practically 

plausible that a single inquiry can use both methods (B. Johnson et al., 2008). This 

research is intended to use qualitative approach for further exploration of findings sought 

from quantitative approach. The initially collected qualitative data helped to frame the 

design of the questionnaires which were later distributed to managers and mentors of the 

two companies. Neuman (2002) argued �³�E�H�V�W���R�I�� �E�R�W�K���Z�R�U�O�G�V�´�� �D�S�S�U�R�D�F�K����recommending 

combination of qualitative and quantitative approaches.He listed down the main 

characteristics of each method as shown in Table 4-2 below. 

Table 4.2 Qualitative and Quantitative Approaches  

Quantitative Approach  Qualitative Approach  
Measure factual information  Develop social reality, derive cultural meanings 
Concentrate on variables Interactive processes / happenings 
Reliability is prime factor Authenticity is main factor 
Value added Values are present and clear 
Theory and data are segregated Theory and data are combined 
Non bounded context Situation-constrained 
Many cases/subjects Few cases/subjects 
Statistical analysis Thematic analysis 
Researcher is unbiased/ detached Researcher is involved  and biased 
Mixed method approach involves a flurry of research strategies. Creswell (2013) 

explained six main strategies which may be incorporated in mixed method research; 

these are: sequential exploratory, explanatory, transformative, concurrent transformative, 

concurrent triangulation, concurrent nested. The researcher has chosen concurrent 

triangulation method which is considered most suitable for this study, as it adopts two 

different methods, quantitative and qualitative, to "maintain, cross-validate or corroborate 

findings in one study" (Creswell, 2013). 

The requirement of triangulation emerged from research questions, and meets the 

ethical obligation to approve the validity of all scheme of processes. The chief key factor 



 

100 
 

which distinguishes this strategy from others is the system of gathering, collating and 

analyzing both quantitative and qualitative data base simultaneously, thereafter, 

comparison of two patterns of research findings. This model provides means to eliminate 

weaknesses of one method with strengths of other method.  

The basis for selection of above research strategy is as follows:  

a. The study is being carried out in disaster regions of the world and is aimed to 

investigate causes of overtime and over cost implications of supply chain 

operations of road projects. 

b. Mainly, the research questions and objectives are exploratory in nature, and the 

inquiry is based on feedback of field suppliers, contractors / managers, clients, 

local population and consultants. 

c. Many other researchers in the world have used this approach who remained 

associated with studies related to over running time and cost of supply chain 

management in different contextual frameworks. 

d. Triangulation method, which uses different data gathering methods within one 

study, may boost reliability and validity of this research (Saunders, 2011). 

e. Use of statistical tools in quantitative data analysis will make comparing and 

generalization possible, whereas qualitative data will offer explanation and 

description of happenings, actions and attitudes. Thus, more meaningful data will 

be available.  

Since research is using triangulation approach, therefore, data collection will be done 

using wide range of techniques and from multiple sources (Neuman, 2002). Bonoma 

(1985) argues that data collection from multiple sources and by versatile means gives 

broader and full picture of phenomenon or analysis process under study. Interviews 

(qualitative approach) and questionnaires (quantitative approach) will provide primary 



 

101 
 

data, while private/ public owned companies planning cell, and financial statements, 

performance appraisals and technical reports will give secondary data. Secondary data 

is also required to supplement primary data which was gathered using research 

instruments (Bonoma, 1985).  

4.8  Inductive or Deductive Approach  

Being an interpretive nature of the study, it would demand mix of inductive and deductive 

models to reach an understanding on causes of overrunning time and cost of supply 

chain management of infrastructure development projects (primarily roads) in disaster 

regions in the world.  

4.8.1  Deductive Approach  

"A deductive approach involves building of a conceptual/ theoretical construct before 

testing the phenomenon with empirical observation�  ́(Gill, 2010 and Johnson, 2010).The 

deductive approach moves from generalization to specifics and is considered as "top 

down" method (Morse, 1991). The theoretical underpinning about the topic is further 

zoomed in to specific hypotheses which are even more narrowed down and noticeable 

observations are being gathered to streamline hypotheses (Gill et al., 2010). Scheme of 

deductive approach is divided into four phases, as below:  

a. Researcher finds out key concepts related to the topic under inquiry. In this 

scenario, the behaviors, experience, and impression of workers with respect to 

implementation of infrastructure projects in human induced disaster regions.  

b. When a concept is found relevant, guidelines are formulated so as to determine 

how this concept will be critically evaluated and how it may be empirically 

calculated. Therefore, this study has catered for semi structured interviews and 

questionnaires as research instruments.  
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c. After development of crystal clear and precisely measured guidelines in phase 

two, crafted theories and hypotheses can now be evaluated / tested through 

empirical data.  

d. The researcher compares empirical data with hypotheses/ theory which is in line 

with past studies with same topic.  

4.8.2  Inductive Approach  

"Inductive approach initiates its journey from observation of the empirical world, to the 

constructs of descriptions and theories about what has been noticed / evaluated"       

(Gill, 2010 and Johnson, 2010). An inductive approach first involves collection of data 

and then its analysis. The outcome of this analysis is helpful in either formulating a new 

theory or to maintain already existing. In each case, the purpose is build broader 

understanding about what is happening (Saunders, 2011). Since the very purpose of this 

ongoing research is to create in-depth understanding of the subject under inquiry, the 

inductive approach is found all-encompassing and relevant and therefore, is useful to 

adopt.Inductive approach takes its journey from specifics to broader generalizations / 

theories therefore, is also called as "bottom up" scheme. It takes start from specific 

observations. The specific trends, measures and regularities are identified and then 

potential hypothesis is crafted. At the end, few general conclusions are inferred. The 

sequence pattern of each approach is shown in Figure 4.2 below. 

4.8.3 Development of Hypothesis  

Figure 4.2 shows that development of a specific hypothesis is a part of qualitative 

research methodology (Kumar et al., 2005). Each statement creates two hypothesis i.e. 

�1�X�O�O�� �+�\�S�R�W�K�H�V�L�V�� ���+� ���� �D�Q�G�� �$�O�W�H�U�Q�D�W�H�� �+�\�S�R�W�K�H�V�L�V�� ���+�D������ �1�X�O�O�� �+�\�S�R�W�K�H�V�L�V�� ���+� ���� �L�V�� �S�H�U�F�H�L�Y�H�G��

�D�V�� �W�U�X�H�� �E�H�F�D�X�V�H�� �L�W�� �L�V�� �X�V�X�D�O�O�\�� �W�D�N�H�Q�� �D�V�� �E�D�V�L�V�� �I�R�U�� �D�Q�\�� �D�U�J�X�P�H�Q�W���� �E�X�W�� �L�W�¶�V�� �Q�R�W�� �S�U�R�Y�H�G��������������������

For instance, time and cost performance of supply chain operations has no relationship 

with environmental uncertainties of road projects. Another hypothesis is Alternate 
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Hypothesis (Ha) which is accepted once Null Hypothesis (Ho)gets rejected. For instance, 

a strong relationship exists between environmental uncertainties and supply chain 

performance of projects.  

Next stage is testing of hypothesis to check if hypothesis is either accepted or rejected. It 

is a four stage procedure: describing hypothesis, which will define relationship between 

variables, setting up parameters for any decision, collection of empirical data and 

examination of Null Hypothesis (Ho).  Methodology of taking wise decision to accept or 

reject hypothesis from each statement is shown in Figure 4.2 below.  Two types of errors 

may be found while testing a particular hypothesis i.e. Type-1 Error and Type-2 Error. 

�:�U�R�Q�J�� �U�H�M�H�F�W�L�R�Q�� �R�I�� �1�X�O�O�� �+�\�S�R�W�K�H�V�L�V�� ���+� ���� �F�U�H�D�W�H�V��Type-1 Error. on-rejection of Null 

�+�\�S�R�W�K�H�V�L�V�� ���+� ����especially when it is false causes Type-2 Error. Type -1 Error is more 

austere in nature as compared to Type-2 error and is always avoided with and ordinal 

scale is used.  

 

 Figure 4.2:  Research Methodology (Approach and Hypothesis Development)  

4.9 Case Study Research Method  

Case study is found most suitable method in investigating research questions especially 

those start with "how" and "why". Case studies are a well-recognized model in 

conducting exploratory research, and it is also the cornerstone of this study (Yin, 2013). 
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�³�7�K�H���F�R�P�S�U�H�K�H�Q�V�L�Y�H���H�[�D�P�L�Q�D�W�L�R�Q���R�I�� �R�Q�H example with a phenomenal class, case study 

is not expected to provide credible data about a broader class, but it can be helpful in 

initial phases of an inquiry as it generates hypotheses, which can be tested in a 

systematic pattern with wider scale of cases (Abercrombie, �����������´�� 

Definition as narrated above offers rationale for selection of a case study as the 

systematic lynch pin of this research. Sequel to the complexity of research question, 

adopted research method appears suitable for this research title along with in-depth 

knowledge which may be key reference for research in coming years on supply chain 

performance of road projects in disaster areas of world. Keeping in view restricted 

access to trouble areas in all parts of the world with a definite purpose of investigation, 

case study on two countries (affected by disaster) appears the most methodical way to 

achieve desired outcome. Case study is a significant research tools it is very close to real 

life happenings. Implementation of suggested course of action for successfully execution 

of supply chain projects in disaster areas can yield extensive wealth of details which are 

highly essential for less explored research fields (Flyvbjerg, 2006). Additionally, seeking 

and collecting data from versatile sources and perspectives is another unparalleled trait 

of this research method (Lodico et al., 2010). Hence, case study provided flexibility to the 

researcher to include both quantitative (questionnaire) and qualitative (interviews) 

methods to draw maximum advantage from mixed method approach with the capability 

to produce voluminous  empirical data (Flyvbjerg, 2006). 

4.9.1 Case Studies  

In this research two case studies were taken to validate and verify the model. First one is 

of the natural disaster; Pakistan has suffered worst disaster of earthquake on  5 October 

2005 causing over 85000 deaths and hundreds of injuries. The second one is human 

induced disaster; Afghanistan has suffered the most after 9/11 event both in terms of 

human as well as economic losses. The war against terror is still being fought in many 



 

105 
 

parts of the country. Supply chain management of road projects in these disaster areas 

is a serious challenge and has become an arduous task. Similarly many other countries 

of the world including Haiti, Japan, Iraq, India, and Sri Lanka has suffered due to 

disasters both natural and man-made. After carrying out qualitative and quantitative 

analysis, a Multiple Linear Regression Model and Rule Based Decision Support System 

will be prepared. The model and system will be verified / validated with two case study 

from Pakistan and Afghanistan along with many others around the globe. 

4.10 Data Collection Methods  

This study will take a two-pronged approach in exploring main reasons of overrunning 

time and cost of supply chain of road projects in disaster regions of world. In first 

approach, the researcher will distribute questionnaires comprises open ended and 

closed ended questions. Three type of questionnaire will be framed and handed over to 

five categories of participating samples. These would include suppliers, consultants, 

contractors, locals and client. These people are main stakeholders in the area and at 

project site. Semi structured interviews will be the second approach wherein; selected 

sample participants will be involved. Feedback from questionnaires and semi structured 

interviews will provide rich data for analysis. Each method will be deliberated upon in this 

section. The research framework of the study is shown in Figure 4.3 below. 

   

  Figure 4-3: Research methods  
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The purpose at this level was to seek maximum information from the participants on the 

topic under study, confronting challenges and offering recommendations for development 

of methods for users. 

4.10.1  Interviews  

Interviews are aimed to collect detailed in-depth knowledge on various questions which 

have complex answers. Resultantly, the information sought will help to interpret and 

comprehend the findings and conclusions which will emanate emerge from analysis. 

Interviews give opportunity to the researcher to find more detailed explanations on the 

subject under inquiry (Bryman et al., 2015). 

Interviews have three kinds and structures: Structured, unstructured and semi-structured 

(Bryman, 2015, Bernard, 2012 and Saunders (2011). The researcher will use any of the 

above kind of interviews depending upon the quality of information needed. However, 

semi-structured model is being used in this study. This category was selected as the 

themes and categories for interviews were already noted from literature which facilitated 

in framing survey questionnaire. Interview is a usual technique of gathering qualitative 

data and under mentioned points affected choice of research technique in this study 

(Bryman et al., 2015). 

a. One to one interview is more effective method for collection of data as compared 

to questionnaire feedback. Furthermore, it generates more data which is rich in 

content (Bernard et al., 2012). 

b. Qualitative methods make researcher deeply associated with research process, 

which eventually enables him to gain deep understanding of the context 

(Saunders, 2011).  

c. Qualitative research has normally a small frame sample, and the more cost 

effective as compared to questionnaire technique with a much bigger sample.  
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d. Interviews give leverage to the researcher to rephrase the questions instantly 

during the interview for greater clarity and better responses. This exclusively is 

applicable to semi-structured interviews.  

However, the study analyses few drawbacks of qualitative methods which are being 

minimized in this study to the maximum possible extent. These include:  

a. Data acquired through interviews may be wide and long in content which may 

raise accuracy or reliability issues. Hence, the researcher will carefully apply filter 

to sift the data and try to make sense from the most relevant features of the 

subject.  

b. The issue of biased approach may also emerge from respondents as well as data 

interpreter which is common and inevitable flaw of qualitative data interpretation. 

The researcher is expected to be objective throughout the whole process.  

This research work is intended and framed in a pattern to conveniently deal with 

suppliers, managers, contractor firm employees, consultants, locals and clients in 

disasters regions of the world in order to explore their perceptions about development of 

infrastructure projects. 

4.10.1.1 Semi-structured Interviews  

In this category, the researcher frames a number of questions encompassing complete 

theme of research. Semi-structured interviews are more popular in qualitative research 

for understanding the deeper perspectives of �µ�Z�K�D�W�¶���D�Q�G���W�K�H���µ�K�R�Z�¶��and also emphasizing 

the possibility of �H�[�S�O�R�U�L�Q�J���W�K�H���µ�Z�K�\�¶ (Saunders, 2011). These generate better arguments 

for debate on the topic and help the researcher to know more about the �L�Q�W�H�U�Y�L�H�Z�H�H�V�¶��

problems through their opinions and feedback. Semi-structured interviews are well suited 

in those work places/ projects where you are interacting with bureaucrats, elite members 

of community, managers and people who are habitual of optimally using �W�K�H�L�U�� �W�L�P�H�´ 

(Bernard, 2012). Since the main facet of this study is to explore views, opinions and 
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perceptions of stakeholders in projects with specific relevance to overrunning time and 

cost of supply chain operations of road projects in disaster areas, therefore the semi-

structured interviews were found the most relevant medium of data collection method 

(Elfazani, 2011). 

Taking an edge from this category of interview, the researcher prepared a 

comprehensive questions list which guided him in avoiding undesired discussions, 

maintain a coherent strategy as well as to limiting himself from sensitive questions which 

may be difficult for the participants to respond. In addition, framing of questions was 

done wisely to minimize any response bias. In this regard, the questionnaire will be 

prepared in Expert System using fuzzy logic technique and certainty factor as already 

explained in earlier chapters. This research is to tackle with managers who are assigned 

with responsibility of developing and reviewing overrunning time and cost analysis of 

supply chain management and the purpose is to seek their views pertinent to road 

projects in disaster regions. Therefore, researcher will depend upon semi structured 

interviews for gathering relevant data. 

The focus of interviews till now, remained on time and cost overrun of supply chain 

operations of road construction projects in troubled areas, addressing research 

objectives. Interviews were conducted with managers belonging to different leadership 

levels as well as local population.  

4.10.1.2 Procedure to Implement Semi - Structured Interviews  

Cost is an important factor in both tangible and intangible terms which affects choice for 

a particular interview sample (Saunders, 2011). This exploratory nature of research has 

five categories of stakeholders: first are the suppliers, managers belonging to the firm 

responsible for supply chain , second are clients, third are consultants and fourth 

category includes local population.  
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The researcher will obtain sample data from those who have been the part of supply 

chain of infrastructure projects including project managers and supply chain managers in 

disaster regions of the world, and also met with a challenge of searching such people. 

However, the researcher feels edge in his exposure and interaction with people from 

multicultural background due to his rich personal experience. This personal experience 

he had acquired when he did various courses and served in United Nation Peace 

Keeping Mission in Liberia (UNMIL), travelled and served in Kashmir of Pakistan during 

relief operations and rehabilitation and re-construction stage Federally Administered 

Tribal Areas of Pakistan (FATA) and many other parts of world including Afghanistan and 

Africa. This helped the researcher in getting access to sample people who actually 

worked in those regions. 

The researcher will hold comprehensive interviews with selected people after finalization 

of sample population. Before conduct of formal interviews, the researcher will depute     

15 minutes for each participant, requesting him to introduce himself, then researcher 

himself will be explaining research objectives, purpose and requirement of interview. 

Interviewees then will be briefed on �³Expert System Program  �³�Z�K�L�F�K has been 

prepared within AM. They will be told as how to use logic to reply their questions. Then, 

Rule Based Decision Support system program will generate results by itself. To make 

them feel safe and to promote closeness, participants will be assured of maintaining 

confidentiality, wherein; their names will not be made public and their information will be 

kept confidential. Finally, the researcher will pay gratitude to the respondents for sparing 

their time and warm participation. Five rules will be strictly followed to ensure chances of 

success as under:  

a. Cautious short listing of respondents who can give rich content of information 

which is required to meet objectives of the research.  
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b. Ensuring that each respondent signs consent form containing information about 

interview process, which is voluntary exercise and they reserve the right to 

withdraw at any moment.  

c. Providing one copy of interview form to respondent.  

d. Inspiring participants with the argument that their rich input will contribute to 

achieve so and so research objectives.  

e. Before finishing interview, the researcher will allow each participant to debrief and 

discuss about his interview and research purpose.  

4.10.1.3 Conducting the interviews  

The interviews will commence as per prepared list including 93 interviews. This took 

about 13 months to complete the interviews. The interviews will be prepared in Expert 

System with certainty factor and fuzzy logic after having thorough discussions. Exact 

figure of respondents cannot be determined in advance which is required for qualitative 

research (Oberle, 2002). A sample selection is recommended and as it is stated 

"sampling is ended when new information is not forthcoming from new respondents" 

(Elfazani, 2011). On these basis, the researcher remains persistent until �³�V�W�D�J�H��of data 

saturation was arrived�,́ and the information gathered was adequate to get research aims 

and objectives(Oberle, 2002). 

4.10.1.4  Participants  

The researcher will choose respondents as per their level of responsibility and their 

participation in construction projects. The table below shows the interviews that will be 

conducted with a number of managers, representative of consultants, clients, people 

from political administration and local people from terrorism affected areas. Seven 

countries of disaster regions were selected. Owing to the severity of disaster and the 

access of researcher in the form of knowledge about the people, the following countries 

were selected. 
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Table 4.3: Interview details 

Ser Country  Number  Role Method  
1. Pakistan 20 3 x government administration, 4 x 

Supply Chain managers, 6 x civilian 
managers, 4 x locals, 3 x clients  

Expert System /  
Certainty Factor, Face 
to Face / Skype 

2. Afghanistan 19 3 x government administration, 5 x 
military managers, 5 x civilian 
managers, 3 x locals, 3 x consultant 

Expert System / 
Certainty Factor, Face 
to Face / Skype 

3. Iraq 17 3 x government administration, 3 x 
military managers, 5 x civilian 
managers, 3 x locals, 3 x consultant / 
client 

Expert System / 
Certainty Factor, Face 
to Face / Skype 

4. Sri Lanka 12 2 x government administration, 3 x 
military managers, 3 x civilian 
managers, 2 x locals, 2 x consultant / 
client 

Expert System / 
Certainty Factor, Face 
to Face / Skype 

5. India 13 2 x government administration, 3 x 
supply chain managers, 3 x civilian 
managers, 2 x locals, 3 x consultant / 
client 

Expert System / 
Certainty Factor, Face 
to Face / Skype 

6. Japan 12 2 x government administration, 3 x 
military managers, 3 x civilian 
managers, 2 x locals, 2 x consultant / 
client 

Expert System / 
Certainty Factor, Face 
to Face / Skype 

7. Bangladesh 13 2 x government administration, 3 x 
military managers, 3 x civilian 
managers, 2 x locals, 3 x consultant / 
client 

Expert System /  
Certainty Factor, Face 
to Face / Skype 

In this study, all the interviews will be conducted either face to face or via Skype at place 

and time of participants' own choosing bearing in mind the distances / different countries 

involved. Interviews will be conducted in English as it is the international language 

understandable to the respondents and interviewer. This procedure will allow 

respondents to powerfully express their thinking and opinions, and will also help in 

building a good rapport between respondents and the researcher. Data analysis can 

identify resemblance/ contradictions, common patterns and anomalies in data. 

Downloading recorded interviews will be more time consuming and therefore will be slow 

and need patience. 

Each interview may take one and a half hour slightly more or less. The researcher will 

voice record thirty to forty interviews which is reasonable number, especially if we need 

to cater for �S�D�U�W�L�F�L�S�D�Q�W�¶s cautious behavior in expressing themselves freely. 

The digital recording will re-confirm that all significant information is formed part of 

analysis and nothing is missed out. Furthermore, it provides leverage to the researcher 
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to re-listen/ consult interviews from recording as many times as required for better 

understanding and accurate interpretation of data. Conversely, some respondents may 

not allow for recoding of interviews for which their request should be honoured. This may 

be attributed to societal background which has transformed into communication barrier 

and it can be happen in many countries of the world. Having interviews recorded, the 

researcher will spare one week time for transcribing interview transcripts. Unrecorded 

interviews may take above three hours to rewrite which are then supported with 

handwritten notes to avoid loss of text and their meanings. 

4.10.2  Questionnaires  

Questionnaire survey is a category of quantitative research as it expresses quantitative 

explanation of tendencies / views of people after studying population sample (Creswell, 

2013). The purpose of questionnaire is basically to help finding the answers to research 

questions, pertinent to time and cost overrun of supply chain operations of construction 

projects in disaster regions, but �H�Q�D�E�O�H�G�� �W�R�� �V�W�X�G�\�� �U�H�V�S�R�Q�G�H�Q�W�V�¶ attitudes in their own 

practices. In this research, the researcher became successful in comparing data from 

many other countries of the world for deep insights and better understanding the topic. 

Quantitative research in form of survey questionnaires is considered more credible 

method for a reliable data and factual information. Moreover, the researcher cannot be 

biased in filling of the questionnaire from the respondents and hence does not influence 

the research topic (Bryman et al., 2015). In this research, higher level of dependency 

was kept on this inherent advantage to maintain an objective empirical approach. Ease 

of administration is another way of framing questionnaires. The advantage can be further 

enhanced by combining other methods as was practiced in this study.  

However, researcher also foresee many disadvantages of personally conducting survey 

questionnaires. For instance, conducting questionnaire survey with huge geographically 

dispersed respondents especially abroad is found more costly and time taking exercise 
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than comparatively same other data collection methods. (Ticehurst et al., 2000) noted 

that "questionnaire surveys may be applied in research methodology when quantum 

based data is needed about a target population and when individuals' personal behavior/ 

attitudes may be acceptable as a data source�.́ Few drawbacks of survey questionnaires 

are weak response (Saunders, 2011) and limitation of clarifying any misunderstanding or 

to give more elaboration. 

The researcher will frame close-ended questions in this study and 36 questionnaires will 

be prepared for collecting data from three to five sample populations reflecting the supply 

chain performance of road projects in disaster regions. The population will include 

suppliers, managers, contractors, people from political / government administration, 

consultants, clients and locals of the area. For ease of answering research questions, 

each questionnaire will have two parts: the first portion will be framed to gather personal 

profile of participants and second portion section will be deputed for collecting data about 

reasons of overrunning time and cost of supply chain operation during infrastructure  

road projects in disaster regions and important pitfalls encountered by all stakeholders 

during execution of projects.  

4.11  Data Analysis  

Analysis of data will identify new emerging themes and make sense of the whole picture 

which will later provide meanings to researcher and the readers (Gill et al., 2010). The 

data analysis will be deliberated upon in two sections of the research: interview and 

questionnaire data analysis.  

4.11.1  Descriptive Analysis  

Descriptive research elaborates the situation/ scene, issue or phenomenon through a 

systematic process and the influences of behaviors (Smith, 2012). Comprehensive 

definition of descriptive approach (Elsaatea, 1993) is as below:  
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"The descriptive method is grounded in the study of phenomenon as it is geared 

to express it correctly in qualitative and quantitative terms; qualitative data explains 

phenomenon and demonstrate its properties, whereas numerical explanation of the 

phenomenon is covered in quantitative data which demonstrates its quantum and 

magnitude."  

The author has suggested above that descriptive approaches are well suited for surveys 

and case studies. Case study method allows in-depth research into the factors that affect 

individual and group behavior (at family, institution or community level) and that influence 

the relationship between individuals and their environment (Hafeed and Bahe, 2000).  

This study is descriptive, in that it aims to describe the causes of time and cost overrun 

of supply chain operations of infrastructure road projects in disaster areas of the world. 

4.11.2 Questionnaire Analysis  

Questionnaires altogether with no response or a large quantum of missed data will be 

discarded. The researcher will use SPSS (Statistical Package for Social Sciences) to 

analyze set of questionnaire which is quantitative analysis tool, a worldwide accepted 

software. The researcher will circulate questionnaires personally or via email due to 

worldwide participation of respondents. Following aims dictated analysis of 

questionnaires:  

a. Finding out perceptions of clients, hired consultants, government administration, 

contractors and local administration assigned the task of infrastructure 

development projects in human induced disaster regions.  

b. Searching clues of any differences in minds of respondents about their 

perceptions on project performance in human induced disaster regions.  
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4.11.3  Interview Analysis  

The researcher will conduct data collection, recoding / transcription and analysis. The 

collected information/ data will be saved textually, digital records and in documents. The 

researcher will resort to inductive thematic analysis for qualitative data.  

4.11.3.1 Inductive Thematic Analysis  

Inductive thematic analysis �³�L�V perhaps the most widely employed qualitative data 

analysis technique in social, health and behavioral, and sciences (Guset, 2013). The 

systematic process includes scanning textual content, searching for themes in the 

documents, technical coding of themes, and subsequently trying to interpret the 

construction and content of themes in data". Furthermore, thematic analysis is defined as 

�³�D��technique for recognizing, analyzing, synthesizing and reporting trends / themes in 

data (Braun and Clarke, 2006)�.́ Researchers widely agree; whilst thematic analysis is 

quite popular and extensively used method, �E�X�W���W�K�H�\���G�R�Q�¶�W���V�D�W�L�V�I�\�� �R�Q���D��clear agreement 

�³what actually thematic analysis is� .́ Hence, researchers have reached a conclusion that 

no one ideal theoretical model or any other ideal method exists for qualitative research. 

Thematic analysis may be a preferred technique that expresses experiences, meanings 

and individual realities / perceptions (Braun et al., 2006). This category of analysis 

contains set procedures to recognize and examine themes in text data in a transparent 

and credible way (Guset et al., 2013). This method is used for interview analysis due to 

many reasons: first, Identification of themes with explicit meanings is possible and it is 

anticipated that analysts are not looking beyond what a participant has narrated. This 

technique provides flexibility in interpretation of qualitative data (Braun et al., 

2006).Braun and Clarke (2006) have revealed a six-stage guideline to carry out a 

thematic analysis over which this study has relied upon to create sense out of qualitative 

data:  

a. Repetitive scanning interview transcripts.  
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b. Formulating a list of emerging and interesting themes /ideas in the data.  

c. Searching for most applicable themes out of collected data.  

d. Review themes to make them appear coherent pattern.  

e. Naming and define finally selected themes and elaborate scope and content of 

each theme in few phrases.  

f. Writing a report and preparing sufficient data and proof of chosen themes, and 

selecting suitable extracts for analytical narrative.  

In line with the proposed model of qualitative analysis, the researcher will take notes of 

some interviews in this study, but all other interviews will be recorded and transcribed. 

Some suitable actions will increase the chances of success like, the interviews will 

ensure a clarity based and unambiguous communication; and these will be provided 

ample time to allow participants to think and the researcher to prepare notes and notice 

observations. The choice of semi structured interview schedule wherein; questions are 

prepared in advance; will slightly smoothen process of qualitative analysis.  

Preliminary analysis take three steps: first, is the identifying main themes and categorize 

material interviews and survey questionnaire which was circulated among various 

stakeholders (Sekaran, 2006). The researcher analyzed interviews with the following 

seven steps:  

a. The researcher will translate all interview transcripts from native language to 

English with assistance of a native language interpreter for accuracy.  

b. Reading again and again all interview transcripts, notes, documents and other 

miscellaneous details will make researcher well familiar with the data which is the 

part of the process (Elfazani, 2011). Initial codes or ideas will be noted at this level 

to make a preliminary report of what the interviewee has responded.  
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c. The researcher will zip data into emerging themes via coding system and further 

zip into meaningful groups.  

d. Then, the researcher will mingle up different codes which emerged in previous 

phases to make a bigger theme (with a general code / category).  

e. In this phase, he will analyze if emerged themes are relevant to answer the 

research questions and support the theoretical perspective.  

f. Elaborating the theme in some cases can be very obvious and blunt. However, at 

sometimes, it could be ambiguous/ doubtful.  

g. The analysis of the data may include attaching pertaining sections or chunk of 

data, in words, a sentence, a paragraph or a complete answer as asked in the 

interviews.  

On the basis of above mentioned steps, thematic analysis of interview data produced a 

series of themes and categories. 

4.12  Validation of the Research Methods  

Conduct of a pilot study is very helpful and economical before beginning the research 

study. Validation allows researcher to find out in advance about issues which may be 

problematic in the future.  

4.12.1 Questionnaires . To yield maximum positive results, validation is essential to 

explore any potential challenges in framing of questionnaires, with regards to accuracy, 

length, brevity, clarity and compliance of questions. Validation identifies weak points in 

the questionnaire in terms of validity and reliability. The researcher adopted following 

stages to achieve breakthrough:  

a. To receive constructive feedback on first draft of questionnaire, supervisors and 

colleagues (PhD and Master students) will be provided with 20 copies of draft 

questionnaire as they possess enough understanding and knowledge of 
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infrastructure development projects in human induced disaster regions. In second 

phase, suppliers, contactors, clients, consultants, local population and political 

administration will be given 57 copies for feedback in disaster areas of Pakistan. 

In total, 77 copies will be circulated. 

b. Thought provoking discussions will be generated with all: colleagues, supervisors, 

and interest groups of Afghanistan, Bangladesh, Kashmir and Federally 

Administered Tribal Areas of Pakistan. The feedback on draft questionnaire will 

provide worthwhile input and insights which will surely help in improving the 

questionnaire including changes in texture of individual questions and some 

changes in layout of questionnaire, which will be taken into consideration in the 

final copies.  

c. The researcher will carry out editing of questionnaires first in English language 

and then translate into a local language. The authentic interpreter / legal translator 

will check / authenticate the translation from English to native language and vice 

versa.  

d. Final draft along with covering letter will be printed thus, explaining aim, scope, 

and significance of the study. It will inspire respondents to cooperate with 

provision of authentic information, emphasizing them for resubmission of 

completed questionnaires in time, and reiterating / assuring them of confidentiality. 

The circulation of questionnaires will be on wider scale, and the respondents will 

be given traditional time of completion from 60 to 85 minutes. 

e. Mail or email will be preferred mode of distribution of questionnaires. The 

researcher will ensure distribution process under his personal supervision. He will 

introduce the questionnaire and clarify any doubt if observed by respondents, and 

will provide a contact number (landline / mobile) for any queries.  
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f. Questionnaire Reliability . Reliability of a measure indicates stability and 

consistency of the instrument (Altarawneh, 2009). Reliability relates to the extent a 

measuring procedure gives similar results on recurring trials (Sekaran, 2006). 

�&�U�D�Q�D�F�K�¶�V Alpha investigates internal consistency / reliability to which the items 

are homogeneous of the questionnaire. Test will involve use of Reliability 

Statistics in IBM prepared software known as �³�6�3�6�6�´���V�W�D�W�L�V�W�L�F�V�����9�H�U�V�L�R�Q����������������������

The reliability analysis of an instrument gauges its potency to provide consistent 

measurements for determining reliability of responses. Entire questionnaire should 

give results more than 0.8 in the Cronbach's Alpha scale. Social �U�H�V�H�D�U�F�K�¶�V��

acceptability grade of reliability coefficient of alpha is 0.70 or higher (Saunders, 

2011). If results come within acceptable range, then researcher will have 

confidence in analysis. 

4.13 Interviews . Another data collection method for this research is qualitative which 

involves semi structured interviews. Objectives of this research were to identify variables 

which impact time and cost of supply chain operations on infrastructure development 

projects in disaster regions. Objectivity and clarity of interview questionnaire will test 

validity (Elfazani, 2011). The following stages will be flow: 

a. Like distribution process of questionnaires, supervisors and colleagues (PhD and 

Master Students) will be given draft copies of interview questions. These people 

will have enough understanding and knowledge of supply chain of construction 

projects in disaster regions. The researcher will ensure the clarity and 

comprehensiveness of the questionnaire for seeking good responses. 

b. On receipt of feedback, suggestions and insights will allow improvement in 

interview protocol and few changes will be made in the text and layout of the 

protocol, during printing the final copy.  
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c. The researcher will conduct four pilot interviews with digital voice recorder and 

simultaneously taking notes. Some changes will be made in interview protocols 

and time will also be measured to conduct the interview.  

d. Comments from respondents will be considered and changes in few questions will 

be made.  

e. The researcher will download seven digitally recorded interviews from voice 

recorder to his computer. 

4.14  Summary of Chapter  

The researcher will use two types of research methodologies (Kumar et al., 

2005):Qualitative methodology will include expert interviews and information will be 

collected using confidence factor / fuzzy logic (MYCIN approach) with development of 

Rule Based Decision Support System package in Expert System (Dogan et al., 2008). In 

this regard, rules will be established and threshold value for each rule will be assigned. 

The weight (confidence level) of each variable will also be assigned by experts using 

package prepared in Expert System (AM). The prominence of each factor will be 

obtained by taking mean of confidence factor of each variable by each expert. Package 

will itself calculate cumulative weight of each variable / factor. 

The second method is quantitative approach. The researcher will develop a 

comprehensive questionnaire incorporating multiple variables already determined from 

literature review / consultation with experts. The validation of questionnaire will be using 

Principal Component Analysis in SPSS (Bro et al., 2014). Revision may be carried out 

after feedback from respondents. The questionnaire will be sent to sample population of 

the interest groups/ stakeholders which will comprise supplier, consultants, clients, hired 

contractors and locals of the area. These people have already worked or experienced 

working in disaster regions. The collected data will be analysed in IBM developed 

software known �D�V�� �³SPSS�  ́using multivariate analysis. The development of hypothesis 
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will establish correlation and regression model (Multiple Linear Regression Model) in 

dependent and independent variables (Faul et al., 2009). RelationshipEquation / Model 

will identify the importance of each variable. 

The researcher will compare analyzed two pronged data and calculate / adjust final 

weights.  SPSS Data analysis weights will be taken as base weights. Having completing 

comparison stage, weights of each variable will be finalized. On the basis of these 

weights, the researcher will finalize KB framework. The model will comprise of all factors 

using multiple regression analysis in SPSS Package (Hair et al., 2006).  
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CHAPTER 5 

Conceptual Framework for Improving Supply Chain Management 

of Road Construction Projects in Disaster Regions  

5.1 Introduction  

This chapter primarily extracts various variables / factors which affect supply chain 

management of road projects in disastrous  regions of the world. The framework of this 

chapter is the relationship between various identified factors at micro level which 

contributes to the major factors at macro level that virtually affect supply chain 

performance.  Based upon the overall uncertain environment of the disaster areas and 

other factors mentioned previously conceptual framework has been formulated. Various 

variables which contribute to bad performance of supply chain management of road 

projects in natural disaster areas in gen and man-made disaster areas in specific are 

extracted by conducting interviews from experts and carrying out comprehensive review 

of research papers written on the subject and then incorporated to formulate conceptual 

framework. Two techniques were employed to identify various factors which can 

influence supply chain productivity. Fishbone diagram and causal loop diagram which 

denotes relationship among varying variables. These variables will be used to develop 

questionnaire and will be the base for research.  

5.2 Ishikawa - Cause and Effect Diagram (Fishbone)  

Seven major variables were identified which have effect on supply chain performance of 

road projects in disastrous regions. Ishikawa (cause and effect diagram) (Ilie et al., 2010) 

was employed to identify reasons of low production of supply chain management of 

communication infrastructure development projects (resultantly overrunning both time 

and cost). The poor production of the supply chain management of road projects 

includes environmental uncertainties, economy, uncertainty in demand and supply 

(Inventory and warehouse management), infrastructural situational factor (transportation 
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management), politicisation of the regional development, weakness in institutions, lack of 

communication and technology and lastly cultural and social factor are shown in diagram 

below. 

. 

Figure 5.1: Fishbone Diagram of Varying Factors Contributing towards Low Performance 

of Supply Chain Management 

The above figure illustrates how disasters (both natural and human induced)  causes 

poor performance of supply chain management which in turns give low productivity of 

road project. Disaster regions have poor communication infrastructure. Transportation of 

materials and supplies from settled region to the project site becomes nightmare for 

logisticians. There is imbalance between demand and supply due to non-existence of 

communication technology. Countries facing the hazards of disasters has weak and 

delicate political systems / structure. Disorganized system / structure creates an 

appropriate atmosphere for disaster areas which results in emergence of illegitimate and 

illegal sources of income in the society including narcotics and smuggling businesses. 

Depressed, deprived and distressed social elements are the ideal marks for recruitment 

in the shape of criminals, terrorists, thieves and kidnapers (for the sake of ransom). 

Overall introduction to exercise intense policing action becomes a compulsion for 

implementing government control. The cracks in society widen themselves in the forms 
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of ethnicities, regionalism and infighting amongst the factions becomes the order of the 

day. The complexities and chaos shatters the economy and lack of civic amnesty 

prevails in the society. The investments in society and business projects suffer 

tremendously.  All in all, the institutionalized approach towards supply chain 

management / projects management is lacking in such a case which makes low 

productivity a permanent feature as a result of lack of supervision, security and 

motivation. The input versus output matrix is totally out of proportion resulting in anxiety 

and lack of patience in both investors and project executers. The detailed account of 

various variables impeding supply chain performance of road projects in disaster areas is 

given as under:- 

5.2.1 Effect of Environment Uncertainties  on Supply Chain Performance  

Development projects like construction of roads are affected by the uncertainties of 

environment including strategic, operational and tactical in disaster areas. Main factor 

and its sub-factors which has influence on the supply chain performance of road projects 

is given in diagram below. 

 

Figure 5.2: Fishbone Diagram -Effect of Environmental Uncertainties on Supply  Chain 

Performance of Road Projects 

In disaster areas, there are intense casualties due to natural or human induced calamity. 

In disaster areas, criminals carryout violent actions including sabotage activities on 

warehouses in order to attain political, economic, religious and cultural  goals. Brutal 
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tactics is employed by the mafia in the form of target killing, kidnapping and other 

criminal acts. This refrain the stake holders teams (suppliers, contractor, consultant and 

client) to continue their jobs in these areas. Criminals advocate the legitimacy of violence 

against innocent people and rulers, coercing political administration to bow in front of 

their fanatical requirements. Due to day to day casualties, supply chain of road project is 

disrupted. Suppliers show their inability to provide logistics to road projects. 

Owing to mentioned reasons, the productivity of supply chain management for road 

projects is reduced manifolds which cause the projects to overrun in time, cost and 

quality. 

5.2.2 Effect of Uncertainty in Demand and Supply on Supply Chain Performance 

of Road Projects  

In disaster areas, there has always been uncertainty in demand and supply of the road 

project logistics. The factors affecting performance of supply chain management in 

disaster areas is given below. 

 

Figure 5.3: Fishbone Diagram -Effect of  Uncertainties in Demand and Supply on Supply 

Chain Performance of Road Projects 

In disaster areas, the uncertainty of the demand virtually affect the performance of the 

road projects. First assessment of demand is the baseline of the project needs. The 

needs are significantly changed keeping in view the type of disaster. It is difficult to 
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measure a factor which is applied on uncertain demands that can bring it closer to the 

actual one. Therefore, supplies are significantly affected. Logisticians always face the 

unknown, what, when, where, how much, where from etc. The very basic parameters of 

supply are always uncertain in these environments. 

The demand forecast is very difficult to assess. There is either disproportionate storage 

of products at project site and intermediate storage houses due to errors in quick 

estimates or insufficient warehouses. There is increase in non-utilized products at project 

site. The inventories are imbalance due to mismatch between storage, economies of 

scale and longer lead times. Also there is inconsistent balance between raw material, 

work in process and the finished product which is required at the site. In view above, it is 

deduced that uncertainty in demand and supply affect the supply chain performance of 

road projects in disaster regions of the world. 

5.2.3 Effect of Social -Economic Situational Factor on Supply Chain Performance 

of Road Projects  

Fluctuating economy of the disaster areas and local social setup effect the performance 

of supply chain performance of road projects. Social and economic variables affecting 

social-economic situational factor are explained one by one and also given in a diagram 

below.  
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Figure 5.4: Fishbone Diagram -Effect of  Socio-economic Situational Factors on Supply 

Chain Performance of Road Projects 

5.2.3.1 Social Factors  

Many factions of the society are affected by the social, cultural, ethnicity and religion 

factor, however the main weight is borne by the exposed groups. This factor is 

considered important in disaster areas. The local population does not easily accept 

project stakeholders including supply chain suppliers who are not natives thus the 

individuals from the remaining parts of the countries(Struthers et al., 2005). Quality 

outsourced contractors and suppliers are hard to find out locally. Substantial amount of 

supply chain hierarchical staff, suppliers sub-contractors leave the site due to security 

and allied problems of hazardous disaster areas, thereafter recurring contracts has to be 

awarded time and again, thus affecting supply chain performance of road projects (Sims 

et al., 2002). Road structure is damaged and destroyed during natural calamity and also 

skirmishes amongst various warring / criminal groups. Maintenance and re-construction 

of these damaged structures requires considerable time and cost. 

Mostly project issues related to supply chain are decided in the gathering held by local 

population in the presence of representatives of the political administration (Cheema, 

2008). To convince the local population during gathering by the political administration is 

an uphill task. Each step in project is decision bound either by the natives or by 

bureaucracy. The supply chain managers have restricted liberty to act because of his 

limitations towards his suppliers, employer, consultant, his own firm and lastly towards 

the locals of the area.   

5.2.3.2 Economic  Factors  

The economic conditions of native individuals who join hands with extremist 

organizations / criminals are exceptionally poor. These people hail from meek societies, 

religious background / seminaries which are deprived in economies (Victoroff, 2005). 
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State is unable to provide basic necessities  and rights including good food, better 

education, clothing, health facilities, justice and amiable atmosphere (Silke, 2008). 

These are the vulnerabilities which have dragged the local population into the folds of 

criminals, militancy and extremism. The miseries of the local population are multiplied 

due to lack of essential amenities of the life in disaster areas. Unemployment and 

unavailability of alternate education system which can able to reduce the populace of 

religion institutes and desolations in economy, forces the locals to indulge in illicit and 

illegal practices. Also the local population does not want to unfold their own sphere and 

stay undeveloped (Abadie, 2004).Terrorists and extremists are sponsored and financed 

to undertake violent actions in victim regions. They convince locals using religion as a 

tool to announce war against the state. The poor people in order to make both ends meet 

are left with no choice except to join extremist / criminal organisations. 

The disaster areas are in the pre-development state which requires substantial period to 

develop state institutions and political administrative structures again (Kovács et al., 

2003).  

5.2.4 Effect of Infrastructural Situational Factor on Supply Chain Performance of 

Road Projects  

Insufficient communication infrastructure divorces the project and logistics teams from 

remaining part of the country. Implementation of road projects in these areas is dilemma 

for project stakeholders and supply chain management at all levels owing to the 

availability of insufficient machinery locally and labour which ultimately affects the 

execution of the project on ground (Unruh et al., 2012).   
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Figure 5.5: Fishbone Diagram -Effect of  Infrastructural Situational Factors on Supply 

Chain Performance of Road Projects 

The chain of supplies in disaster regions is very extended due to non-availability of 

logistics locally. The repair of machines on project site is costly and arduous. The 

transportation of construction material is very difficult due to poor infrastructure network 

which delays overall progress of the projects. Local transportation of material from one 

point to another is also very difficult due to insufficient and poor transport network. Locals 

of the area are not skilled enough to be employed as supplier. There is very limited 

choice of outsourced firms to be employed as suppliers. The cost of transportation is 

enhanced manifolds due to suppliers monopoly. At times, stereotype techniques or 

obsolete transportation means reemployed in urgency. High expenditures are required to 

use state of the art transportation means. The miscalculation of transport for movement 

of materials and supplies is also one of the factors which affect supply chain 

performance of road projects in disaster areas of the world. 

5.2.5 Effect of Government / Political Situational Factor  on Project P erformance  of 

Road Projects   

In resistive regions / disaster areas, due to fragile government  structure and political 

machinery, the execution of supply chain management is extremely difficult which results 

in poor performance of road projects (Nawaz et al., 2009). Figure below denotes factor of 
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politics / poor governance and co-factors affecting implementation of supply chain 

management in disaster areas of the world. 

 

Figure 5.6: Fishbone Diagram -Effect of Government and Political Situational Factors on 

Supply Chain Performance of Road Projects 

The politicians of developing regions / countries of disaster areas are either incapacitate 

to eradicate menace of disasters or lack political will to implement road projects. Systems 

and state institutions are not developed and flourished due to bad governance owing to 

dysfunctional political system which results in emanating the internal/external elements 

which can be exploitive in one way or the other (Holston, 2009). Bureaucrats and political 

leaders who are considered as structured implementers remain dormant to shape the 

society in disaster areas. Scattered rare breed of society, if not gathered at the top as 

implementers, execution of projects cannot be carried out efficiently at the foot (Flyvbjerg 

et al., 2004).The fragile political regime thrives high level of corruption resulting in 

disinterest of Government administration towards implementation of supply chain in true 

letter and spirit. If no national regulation is formed towards suppliers and other project 

stakeholders and there is no government policy to facilitate suppliers, the road projects 

can never be delivered in time and within stipulated cost. 
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5.2.6 Effect of Communication and Technology  on Supply Chain Performance of 

Road Projects  

The uncertainty in environment and uncertainty in demand and supply can be minimized 

by effective management of information by latest technology. In disaster areas, there is 

very less visibility of supply chain. The forecast of logistics management planning may 

not be possible by logisticians due to lack of information or ineffective communication 

tools. The logistics planning is based on the false data which results in the poor 

performance of road projects both in terms of time, quality and cost. Sequel to poor 

logistics planning, day to day demands of project managers are not sufficiently met. Daily 

targets of the project progress remains unexecuted. Lack of demand information results 

in maintaining unrealistic inventories at warehouses. The product / material required in 

early timeframe gets late and products required in later timeframe are on the inventory of 

intermediate warehouses. This arrangement contributes towards poor performance of 

supply chain management and project as well. 

Some firms and companies do not realize the importance of flow of information in 

disaster areas. There is no integration of material flow, suppliers from raw material to 

manufacturing plants and warehouses to the end project teams due to decentralized 

approach and lack of information flow. In disaster areas, use of electronic supply chain 

management is not possible, reliance is made on the usage of human resource. A lot of 

time and cost is wasted on communication and linking various sections and departments 

involved in logistics chain management. Orthodox information based supply chain 

management system does not share valuable and real time information with regards to 

forecast, requirements of orders between varying supply chain channels and partner 

firms they are dealing with. Similarly, information with regards to inventory level and 

schedule of manufacturing is also not shared in time.  Figure below shows the affects of 
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varying factors on communication and technology which virtually affect the performance 

of supply chain in disaster areas of the world.  

 

Figure 5.7: Fishbone Diagram -Effect of Communication and Technology on Supply 

Chain Performance of Road Projects  

5.2.7 Effect of Organizational Internal Factors  on Supply Chain Performance  of 

Road Projects  

The onus of responsibility of projects lies with stakeholders including both supply chain 

management and project teams regarding implementation and direction (Sambasivan et 

al., 2007). This bounden duty is multiplied many folds in disaster areas. Practical shaping 

of policies regarding supply chain management, turning these in practical plans and then 

issuance of instructions which can be implemented at lower management level. There is 

a requirement to evolve a monitoring systems to improve performance of supply chain 

with midcourse corrections. Efficient and motivated management can only do this 

effectively (Odeh et al., 2002). 

Figure below denotes internal organizational factor and co-factors affecting 

implementation of supply chain management of road projects in disaster areas of the 

world.  
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Figure 5.8: Fishbone Diagram -Effect of organizational internal factors on Supply Chain 

Performance of Road Projects  

The supply chain management and road project stakeholders(consultants, clients and 

contractors)are not in collaboration with each other due to uncertain environments. They 

do not comprehend the project site dynamics. (Aibinu et al., 2002; Hashim, 2005). The 

project estimation (demands) is carried out on non-factual feasibility studies owing to 

non-availability of project location initially. The implementation plans sometimes known 

as Project Execution Plans (PEP) are prepared unrealistic owing to incomplete and 

inaccurate collection of data. There is a change in the bills of quantities (BOQs) and 

specification when actual work is started. Therefore, a substantial gap exists between 

supply and demand affecting project performance. 

Outsourced suppliers, warehouse / inventory management are not ready to work in 

insecure environment without assurances and at high rates. Supply Chain Managers 

who come in these areas for work are inexperienced and unprofessional who at times 

transgress the legitimate boundaries by corrupt practices (Kumaraswamy et al., 1998). 

The same is the case with suppliers representatives. The supply chain activities at 

project site are delayed due to untimely responses by the staff deputed by management. 
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5.3 Extraction of Variables from Reviewed Literature and Ishikawa  Diagram  

A study is carried out in detail and numerous factors affecting supply chain performance 

of road projects are extracted. Variables affecting implementation of the supply chain 

management of project are stated as:- 

Table 5.1: Factors Affecting Supply Chain Performance  

Independent Variables Affecting Supply Chain  Performance of Road Projects  
Environment al Uncertainties  

1. Suspension of supplies due to 
day to day casualties in disaster 
areas (Chappell et al., 2006) 

2. Interrupted supplies chain 
due to insecure environment 
(Wishnick, 2014) 

3. Re-contracts due to 
abandoning of work by 
outsourced suppliers (Özerdem et 
al., 2006) 

4. Sabotage activities by local 
population at warehouses (Ozturk, 
2002) 

  

Uncertainty in Demand and Supply (Inventory and Warehouse Management)  
5. Insufficient Warehouse due to 
lack of historical data (Waldman, 
2008) 

6. Disproportionate storage of 
products due to errors in quick 
estimates(Matias et al., 2010) 

7. Longer Lead Times of 
supplies(Suhrke, 2007) 

8. Non Utilization of material stock 
at project site(Heuser, 2007) 

9. Mismatch between raw 
material, work in process and 
finished product(Berman et al., 
2011) 

10. Imbalance between inventory 
maintenance, economies of scale 
and lead time(Collins, 2013) 

Infrastructural Situational Factor (Transportation Management)  
11. Difficulty in flow of material 
from one point to another due to 
poor transport network(Waseem, 
2011) 

12. Disconnection of 
transportation �± raw material to 
warehouse and final product to 
project site 

13. Miscalculation of transport for 
movement of materials and 
supplies (Dhalla) 

14. Inefficient and stereotype 
transport system  

15. Limited choice of 
outsourced transport 
companies (Donini, 2007) 

16. Exaggerated higher rates of 
transportation from distribution 
points to project sites (Markowski 
et al., 2011) 

Socio -Economic Situational Factor  
17. Fluctuating market economy 
(Javaid, 2011) 

18. Non-presence of local 
suppliers (McNerney, 2006) 

19. Conflict between local and 
outsider suppliers due to undue 
local demands (Counihan, 2011) 

20. Lack of local community 
support (Frimpong et al., 2003) 

  

Government / Political Situational Factor  
21. Fragile regime(Perito, 2009) 
 

22. National Regulations 
towards suppliers and project 
stakeholders (Perito, 2009) 

13. Lack of Government 
administration involvement 
(Berman et al., 2011) 

24. High Level of corruption 
(Javaid, 2011) 

25. Lack of political will to 
function supply chain 
management (Malik et al.) 

26. Non existence of government 
policy to facilitate suppliers 

Communication and Technology Factor  
27. Lack of information regarding 
change in demand, forecasting, 
inventory and transportation 

28. Lack of information within 
project teams (Malik et al.) 

29. Daily demand of project 
teams not met 
 

30. Lack of communication tools 31. Lack of planning tools 32. Non-existence of Forecast 
logistics management planning 
due to lack of communication  

Organizational Internal Factor  
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33. Non-Collaboration amongst 
project teams and suppliers 

34. Unrealistic planning due to 
incomplete and inaccurate data 
(Furbish et al., 2007) 

35. Lack of proficient supply chain 
managers (Fishstein et al., 2012) 

36. Untimely mobilization of 
resources  

  

The fishbone diagram finally prepared incorporating all the factors which affect supply 

chain performance of road projects is given below. 

Figure 5.9: Fishbone Diagram - Factors Extracted from Reviewed Literature 

5.4 Relationship between Variable s using Causal Loop Diagram  

5.4.1 Causal Loop Diagram . It is an aid to understanding the relationship between 

various variables. These variables are interlinked with each other which indicates the 

causal relationship amongst them (Spector et al., 2001). By stringing many loops 

together, a coherent story of that specific problem is made. In this research, several 

identified variables are interlinked with each other and then many items are grouped into 

one single major factor(Kim, 1992). 
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Figure 5.10: Causal Loop Diagram showing Relationship amongst Various Variables 

A casual loop diagram seems messy but covers all elements involved in low productivity 

of supply chain management of road projects.  It carries out detailed synthesis of major 

factors like environmental uncertainties, socio-economic situational factors, 

infrastructural situational factor, government / political situational factor, uncertainty in 

demand and supply, communication and technology factor and organizational internal 

factor converging on one point of low productivity of supply chain management. It 

displays different loops of analysis of all tangible and intangible sub factors of every 

individual factor and then ultimately how they all fuse together to contribute towards poor 

supply chain performance caused by a disproportionate input versus output matrix. 

5.4.2 Description of Loop 1 .  The loop number 1 is the red loop as shown in 

Figure below. The activities like suspension of supplies due to day to day casualties in 

disaster areas, interrupted supplies chain due to insecure environment, re-contracts due 

to abandoning of work by outsourced suppliers without completing their projects and re-
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contracts have to be concluded with fresh contractors and sabotage activities by local 

population at warehouses contributes towards uncertain environment. This uncertain 

environment affect supply chain performance of road projects in disaster areas.  

 

Figure 5.11: Loop 1, Showing relationship of secondary factors with primary factor 

(environmental uncertainties)  

5.4.3 Description of Loop 2 .  Loop 2 (green), shown in figure below, 

emanates from uncertainty in demand and supply (inventory and warehouse 

management). The loop is completed through factor:  insufficient warehouse due to lack 

of historical data, disproportionate storage of products due to errors in quick estimates, 

longer Lead times of supplies, non-utilization of material stock at project site, mismatch 

between raw material, work in process and finished product, imbalance between 

inventory maintenance, economies of scale and lead time. These factors are the reasons 

for uncertainty in demand and supply which virtually affect supply chain performance of 

road projects.  Therefore, road projects suffer in terms of time and cost due to low 

productivity of supply chain management. 
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Figure 5.12: Loop 2, Showing relationship of secondary factors with primary factor 

(uncertainty in demand and supply) 

5.4.4 Description of Loop 3 . Loop Number 3 (blue)stems from the infrastructural 

situational factor as shown in the figure below. The exaggerated higher rates of 

transportation from distribution points to project sites,  disconnection of transportation �± 

raw material to warehouse and final product to project site, miscalculation of transport for 

movement of materials and supplies, difficulty in flow of material from one point to 

another due to poor transport network, inefficient and stereotype transport system and 

limited choice of outsourced transport companies contributes towards low productivity of 

supply chain management. 

 

Figure 5.13: Loop 3 Showing relationship of secondary factors with primary factor 

Infrastructural Situational Factor 
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5.4.5 Description of Loop 4 . Loop Number 4 (black)commences from socio-

economic situational factor. Owing to fluctuating market economy, non-presence of local 

suppliers, lack of local community support and conflict between local and outsider 

suppliers due to undue local demands affect socio-economic situational factor. The local 

community support is lacking in disaster areas therefore they do not accept outsiders 

(suppliers, contractors, consultants and clients). The conflict between project teams and 

local population on petty issues is a routine activity, due to which decisions on day to day 

activities are not taken in time. On the contrary, skilled �F�R�Q�W�U�D�F�W�R�U�V�¶ / supplier parties are 

not available locally. All factors are interlinked with each other. Secondary factors affect 

primary factor which virtually affects supply chain performance of road project. 

 

Figure 5.14: Loop 4 Showing relationship of secondary factors with primary factor 

(economic)  

5.4.6 Description of Loop 5 . Loop Number 5 (purple), primarily emanates from 

Government / Political Situational Factor.  The fragile regime in disaster areas, non-

existence of national regulations towards suppliers and project stakeholders, lack of 

government administration involvement, high level of corruption, lack of political will to 

function supply chain management and non existence of government policy to facilitate 

suppliers are the factors which contributes towards primary factor. Then primary factor 
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contributes towards poor performance of supply chain management. All factors explained 

through loop Number 5 are interlinked and hamper the performance of projects. 

  

Figure 5.15: Loop 5 Showing relationship of secondary factors with primary factor 

(government and political situational factor) 

5.4.7 Description of Loop 6 . Loop Number 6 (brown), starts from communication 

and technology factor. In disaster areas, there is a lack of information regarding change 

in demand, forecasting, inventory and transportation and also lack of information within 

project teams. Day to day demands of project teams not met. High tech equipment to 

communicate  demand to supplier firms is not  employed. Planning tools to forecast 

logistics management planning is not possible. The mentioned factors make a loop 

affecting primary factor (communication and technology) which affect supply chain 

performance of road projects. 

 

Figure 5.16: Loop 6 Showing Relationship of Secondary Factors with Primary Factor 

(Communication and Technology)  
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5.4.8 Description of Loop 7 . Loop Number 7 emanates from organizational internal 

factor. Realistic planning in disaster areas may not be possible because sites are not 

available due to security issues. During the implementation phase of projects, consultant 

staff and suppliers do not visit sites frequently due to insecure environments. The 

resources are not mobilized timely. Proficient supply chain managers are not available. 

There is no collaboration amongst project teams and suppliers.  All these factors 

contribute towards poor performance of supply chain management which affect projects 

performance of road projects. 

 

Figure 5.17: Loop 7 Showing Relationship of Secondary Factors with Primary Factor 

(Organizational Internal Factor)  

5.4.9 Loop Number 8 . Loop 8 encompasses all major factors which are responsible for 

low productivity of supply chain management which affect project performance of road 

projects.  These major variables (IVs) are interlinked with each other. One factor has 

direct relationship with other.  
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Figure 5.18: Loop 8 Showing Relationship of Primary Factor  

5.5 Summary of Chapter  

In this chapter, numerous factors which influence supply chain performance of road 

projects implementation in disaster areas are explained. Ishikawa-Fishbone diagram is 

employed to find out the causes of various factors and its effects on the performance of 

the supply chain of road projects. Factors are taken out from detailed literature which is 

reviewed in previous chapters and opinions of experienced representatives of the 

stakeholders. In the end, causal loop diagram is formulated by integrating these 

variables and the association between varying variables is deducted. The data will be 

collected from questionnaire which will be developed by incorporating these factors. 
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CHAPTER 6 

Development of Questionnaire and Its Validation  

6.1 Intr oduction  

In this chapter, questionnaire is developed by incorporating various variables which 

affect supply chain management of road projects in disaster areas. In the second part, 

the developed questionnaire was validated by collecting and processing data. This 

�D�X�W�K�R�U�¶�V���H�[�S�H�U�L�H�Q�F�H���R�I���V�H�U�Y�L�Q�J���L�Q natural disaster areas (earthquake in Northern areas of 

Pakistan on 8 Oct 2005) and  man-made disaster areas (Federally Administered Tribal 

Areas of Pakistan, Afghanistan and United Nation Mission in Liberia, UNMIL) and the 

knowledge gained throughout the extensive reading and reviewing of the literature were 

used for developing the questionnaires as a research methodology for collecting the 

needed quantitative and qualitative data from the targeted areas and organisation. The 

purpose of the questionnaire is to identify factors, assess the importance of factor and to 

identify which aspect of questionnaire is more important. Seven main questions and thirty 

six sub-questions were designed in the questionnaire to ascertain the effects of various 

factors relevant in different disaster areas of world where infrastructure projects including 

roads are being implemented (expected outcome of the questionnaire). The 

questionnaire was divided into two main parts containing comprehensive questions 

related to the supply chain performance of road projects in disaster areas of the world. 

The validation was carried out by distributing questionnaire to experts who have served 

in disaster region for collecting data and then processing it in SPSS for its validation.  

6.2 Methodology Structure  

Data can be collected by various methods of research. The collected information is of 

two types. One is quantitative and other is qualitative(Miles et al., 1994). The easiest 

means to differentiate between quantitative and qualitative data is: quantitative data is 
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denoted in number forms which gives accuracy to observation and measurement set 

(Blaxter, 1996), whereas qualitative is shown in the form of words which explains the 

situations surrounding a happening (Oppenheim, 1992). Though, to choose any of the 

two methodologies in research study is considered as an issue because it is difficult to 

make a decision in isolation which approach is more appropriate for a research problem  

(Frankfort-Nachmias, 1992). 

To gather required knowledge by setting a stage for research methodology, a 

questionnaire based survey was carried out by developing a questionnaire  to know the 

response, notions and perceptions of the sample population. It shows the commitment of 

the researcher to implement the philosophies which can contribute in improving the 

performance of the supply chain management in disaster areas of the world. Top and 

senior supply chain managers who are involved in the decision making processes within 

the targeted supply chain and construction organisations are likely to have the desired 

knowledge, wisdom, and insight that can help in finalising this survey. However, another 

output from these questionnaires (and of key importance) was the knowledge, 

understanding, learning and culture existing within the management body of the 

surveyed industries.   

For this research project, considering all the main and related issues, a comprehensive 

survey questionnaire, complemented by one-to-one interviews, was selected to be the 

research methodology in order to assess the current status of implementation level of 

supply chain management of communication infrastructure road  projects in disaster 

areas within the targeted construction industries. A questionnaire was developed, each 

covering a particular technique/philosophy. The questionnaires were developed based 

on the following main three points: 
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a. An intensive literature review of supply chain management the state of the art 

within the area of road construction industry in disaster areas. 

b. Notions and invaluable ideas gathered through meetings with academics, experts 

and colleagues working within these areas were highly considered in designing 

this questionnaires 

c. A field study and interviews, with academics, senior managers, and experts 

involved within the supply chain and construction industry in disaster areas.  

Based on these points, the questionnaire was developed to collect the needed data for 

factors which has effect on the implementation of supply chain management on the road 

projects in disaster areas of the world. The developed questionnaire was structured to 

include questions covering almost all the related factors which can affect the supply 

chain performance of road projects and to what extent the practices / techniques and 

philosophies was implemented throughout the entire targeted organisations to optimize 

the performance of supply chain on road projects. 

The questionnaire was passed to expert sample population for suggestions / answers in 

different parts of world (Pakistan, Afghanistan, India, Iraq, Bangladesh, Japan and 

SriLanka). The assumption was that although most of the targeted respondents would be 

qualified people, it might be the case that some of them would not be familiar with the 

English Language. Hence, it was decided to translate all the contents of the developed 

questionnaires into the native language, making it easier for all the targeted respondents 

to understand clearly the precise and deep meaning of all the questions.  

6.3 An Overview of Questionnaire  

The questionnaire was designed to ascertain the factors affecting supply chain of road 

projects implemented disaster areas of the world.  The questionnaire included 

quantitative measures of flexible practices, and a five points, Likert Scale (Nemoto et al.) 
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to investigate and assess the current status of the variables affecting supply chain of 

road projects and techniques / philosophies that are being implemented, as well as the 

managerial commitment and participations towards implementing the investigated 

techniques and philosophies within their organisations. The respondents were given a 

multiple choice answer to indicate their answers to specify the extent use of the given 

approach or technique. 

6.4 Relationship Amongst  Questions / Variables  

Figure 6.1, illustrates the relationship of the project performance variables incorporated 

in questions showing procedure and instructions which is required to be followed by 

respondent while answering the questionnaire. It starts from organisation which is 

carrying out survey, followed by demography and management level in the organisation. 

The questionnaire shows the way respondents are required / advised to answer the 

questions showing if organisation has previously completed the projects in disaster 

areas. In the case where the organisation was found to have experience of working in 

such areas (fully or partially), the respondents were asked to indicate the circumstances 

when the project performance is affected and when not affected. 

The questionnaire was also designed to investigate the top management commitment 

and participation to answer whether the major factors are affecting supply chain 

performance in disaster areas or not. If answer is yes; then further questions regarding 

identified sub-factors which contributes towards low productivity of supply chain of road 

project are asked. Seven major factors and 33 sub-factors were identified. The extent to 

how much each factor affected supply chain performance is also measured by each 

respondent.  
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Figure 6.1:Relationship of Questionnaire 

6.5 Questionnaire Design  

The critical stages of questionnaire process are planning and designing. The purpose is 

to convert research objectives into precise and relevant questions. The responses / data 

from respondents on these questions should satisfy the research questions. The 

questionnaire is designed in such a style which can extract maximum valuable 

information from respondents who possess knowledge and understanding of practical 

manifestation of supply chain management of infrastructure projects in disaster regions 

of the world. This is aimed to focus on addressing the needs of central research 

questions. Collection of basic ideas of these practices fulfills the purpose of identifying 

gaps between model and practical manifestation of projects. The participants will be 

requested to freely express their views and understanding on challenges and offer 

proposed solutions to improve project performance. Bryman and Bell (2015) find out 

some important principles which the researcher should comply when framing and these 

will be critically observed by the researcher in this study:  
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Questionnaire should have clarity and be free from ambiguity, and provide an adequate 

frame of reference.  

a. Use simple language if possible and avoid verbiage.  

b. Short questions are desirable, but should prompt response, especially in behavior.  

c. The researcher may avoid double barrel questions, wherein respondent is 

expected to answer two bits in one question.  

d. Negatives may be avoided in questions, as may be subject to misunderstanding.  

e. Presumptive and leading questions may be refrained.  

While framing questionnaires, the researcher will select specified subjects pertinent to 

job relevance to that person under inquiry and developed a questionnaire which is easy 

to comprehend by respondents. Multiple readability checks are administered on the 

questionnaire to make it more credible and authentic. Closed ended questionnaire with 

qualities of clarity, brevity and conciseness are catered for ease of translation. Open 

ended questions allow participants the opportunity to freely present their views, but 

closed ended questions regulate them to choose the answer from already available 

options, best reflective of their opinions.  

6.6 Structuring Questionnaire  

Researcher will take wholesome review of past studies based on overrunning cost and 

time performance of supply chain of road construction projects in disaster regions and 

then will construct relevant questions in the questionnaire. Initially, an exhaustive review 

of studies with similar contextual framework will also be done. To avoid the pitfall 

�F�R�P�P�R�Q�O�\�� �N�Q�R�Z�Q�� �D�V�� �³�U�H-�L�Q�Y�H�Q�W�L�Q�J�� �W�K�H�� �Z�K�H�H�O�´�� �V�R�P�H�� �T�X�H�V�W�L�R�Q�Q�D�L�U�H�� �L�W�H�P�V�� �Z�L�O�O�� �E�H�� �E�D�V�H�G��

partly on research pertaining to supply chain performance of infrastructure project. The 

researcher will endeavor to make questionnaire unambiguous, comprehendible, and 

easy to answer, with uncluttered format having no biased questions. Questionnaire 
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should end with the following statement: "Do you want to comment or suggest anything 

which can improve the supply chain performance of road projects in disaster regions?�´��

This notion will allow respondent to give any additional information if he is holding back. 

Structured questionnaire has two sections: Section A consists of seven queries, to 

investigate about demography of organisations / people, including characteristics of the 

organisations and the respondents. However, in some questions the respondents are 

given a choice not to answer the question for confidentiality reasons. The targeted 

people for this survey were the top and senior managers of  supply chain management 

company, representative of consultants, clients, political / government organization who 

were working within the targeted organisations and involved within key decision making 

processes. 

In Section B, the questionnaire focuses on investigating in detail the implementation 

levels of supply chain management practices, variable / factors which affect these 

execution of these supply chain projects in disaster areas. This section consists of 7 

main questions, with the main questions broken down into 36 sub-questions, 

investigating the extent to which the variable affects supply chain performance within the 

targeted organisations. The respondents are given a choice to indicate their answers in 

order to specify the extent of use of each of the given approach or technique. The Likert 

Scale was designed with the following scale: 1 as "Not Prominent , 2 as Less 

Prominent,  3 as Prominent (3) 4 as More Prominent,  5 as Always Prominent (5)" . 

The following sections give an overview of the key aspects of the questionnaire.  

6.7 Investigating the Effects of Environment al Uncertainties  on Supply Chain 

Performance in Disaster Areas (Questions 8, 8.1 -8.4) 

This section was designed to ascertain the effects of environmental uncertainties on 

supply chain performance in disaster areas within surveyed organisation. The sub-

factors of environmental uncertainties were also discussed in Questions 8.1 - 8.4. The 
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degree of importance of each factor is indicated in the questionnaire so that respondent 

can highlight how much each factor contributes towards low productivity of supply chain 

of road project. Table 6.1 illustrates a section sample of the questionnaire being 

developed to ascertain the effects of variables on the supply chain projects being 

implemented by the surveyed organisations. 

Table: 6.1 Questionnaire for Environmental Situational Factor 

Serial  Questions (Section A)  
Q-1 Indicate type of organization  
Q-2 Indicate main business areas (consultant, client, contractor, political /government 

administration, local population). 
Q-3 Managerial level of respondent  
Q-4 Specify approx number of employees  
Q-5 Specify annual turnover (optional) 
Q-6 Give four projects executed (optional) 

Q-7 

Is supply chain performance of road projects is 
affected in disaster areas?  

 
Yes  No 

Indicate circumstances when performance of supply 
chain is affected  

If yes  

Indicate circumstances when performance of supply 
chain projects is not affected 

 If no 

Section B  

Q-8 

Does the environment al uncertainties  affect  road  project 
performance in disaster areas?  
(1 as Not Prominent , 2 as Less Prominent,  3 as Prominent (3) 4 as 
More Prominent,  5 as Always Prominent )  

 
Degree of 
prominence  
 

Q-8.1 The Suspension of supplies due to day to day casualties in disaster 
areas affect supply chain performance of road projects  (Faridi et al., 
2006) 
Suspension of supplies for more than 6 months - 5 
Suspension of supplies for more than 3 and less than 6 months - 4 
Suspension of supplies for more than 1 month and less than 3 months - 
3 
Suspension of supplies from more than 15 days and less than 1 month - 
2 
Suspension of supplies from more than 1 month and less than 15 days - 
1  

 

Q-8.2 Interrupted supplies chain due to insecure environment cause impact on 
supply chain performance of road projects in disaster areas of the world 
(Joras et al., 2008) 
If frequency of interrupted supplies is 5 in one year - 5 
If frequency of interrupted supplies is 4 in one year - 4 
If frequency of interrupted supplies is 2 in one year - 3 
If frequency of interrupted supplies is 1 in one year - 2 
If frequency of interrupted supplies is 1 in 2 years - 1 

 

Q-8.3 Re-contracts due to abandoning of work by outsourced suppliers affect 
the supply chain performance of road projects of disaster areas of the 
world  (Paul, 1987). 
10 percent and above reworks - 5 
8 to 10 percent reworks - 4 
4 to 7 percent reworks - 3 
1 to 3 percent reworks - 2 
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0-1 percent reworks - 1 
Q-8.4 Sabotage activities by local population at warehouses affect supply 

chain performance of road projects in disaster areas of the world 
(Isenberg, 2009). 
If frequency of sabotage activities is 5 in one year - 5 
If frequency of sabotage activities is 4 in one year - 4 
If frequency of sabotage activities is 2 in one year - 3 
If frequency of sabotage activities is in one year - 2 
If frequency of sabotage activities  is 1 in 2 year - 1 

 

6.8 Investigating the Effects of Uncertainty in Demand and Supply (Inventory 

and Warehouse Management) on Supply Chain Management of Road Projects  in 

Disaster Areas (Questions 9, 9.1 -9.6) 

This section was designed to ascertain the effects of uncertainty in demand and supply 

on supply chain performance of road projects in disaster areas within surveyed 

organisation. The sub-factors of uncertainty in demand and supply factor were also 

discussed in Questions 9.1 - 9.6. The degree of prominence of each factor is indicated in 

the questionnaire so that respondent can highlight how much each factor contributes 

towards low productivity supply chain projects in disaster areas. Table 6.2 illustrates a 

section sample of the questionnaire being developed to ascertain the effects of variables 

on supply chain performance of road projects being implemented by the surveyed 

organisations. Table: 6.2 Questionnaire for Demand and Supply Factor 

Serial  Questions  

Q-9 

Does demand and supply  factor  (inventory and warehouse 
management)  affect  supply chain performance of road  project s in 
disaster areas?  
(1 as Not Prominent , 2 as Less Prominent,  3 as Prominent (3) 4 as 
More Prominent,  5 as Always Prominent )  

 
Degree of 
prominence  
 

Q-9.1 

Insufficient warehouses due to lack of historical data cause impact on 
supply chain performance of road projects in disaster areas of the world 
(Gleason et al., 2009). 
30 percent and above insufficient warehouses  - 5 
20 to 30 percent insufficient warehouses - 4 
10 to 20 in sufficient warehouses  - 3 
5 to 0 percent insufficient warehouses - 2 
0-5 percent insufficient warehouses - 1 

 

Q-9.2 

Disproportionate storage of products due to errors in quick estimates 
cause impact on supply chain performance of road projects in disaster 
areas of the world  (C. M. Johnson, 2010). 
30 percent and above disproportionate storage - 5 
20 to 30 percent disproportionate storage - 4 
10 to 20 disproportionate storage - 3 
5 to 0 percent disproportionate storage - 2 
0-5 percent disproportionate storage - 1 

 

Q-9.3 Longer Lead Times of supplies affect the supply chain performance of  
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road projects in disaster areas of the world. 
20  & above % longer lead times of supplies than normal- 5 
15 to 20 % longer lead times of supplies than normal -  4 
10 to 20 % longer lead times of supplies than normal - 3 
5 to 10 %longer lead times of supplies than normal - 2 
0-5 %longer lead times of supplies than normal - 1 

Q-9.4 

Non-utilization of material stock at project site affect the supply chain 
performance of road projects in disaster areas of the world. 
20  & above % non-utilization of material stock - 5 
15 to 20 % non-utilization of material stock than normal -  4 
10 to 20 % non-utilization of material stock - 3 
5 to 10 % non-utilization of material stock - 2 
0-5 % non-utilization of material stock - 1 

 

Q-9.5 

Mismatch between raw material, work in process and finished product 
affect supply chain performance of road projects in disaster areas of the 
world. 
20  & above % mismatch between raw material, work in process and 
finished product - 5 
15 to 20 % mismatch between raw material, work in process and 
finished product -  4 
10 to 20 % mismatch between raw material, work in process and 
finished product - 3 
5 to 10 % mismatch between raw material, work in process and finished 
product - 2 
0-5 % mismatch between raw material, work in process and finished 
product - 1 

 

Q-9.6 

Imbalance between inventory maintenance, economies of scale and lead 
time affect supply chain performance of road projects in disaster areas of 
the world (Kaming et al., 1997). 
20  & above % imbalance between inventory maintenance, economies of 
scale and lead time - 5 
15 to 20 % imbalance between inventory maintenance, economies of 
scale and lead time -  4 
10 to 20 % imbalance between inventory maintenance, economies of 
scale and lead time - 3 
5 to 10 % imbalance between inventory maintenance, economies of 
scale and lead time - 2 
0-5 % imbalance between inventory maintenance, economies of scale 
and lead time - 1 

 

6.9 Investigating the Effects of Infrastructural Situational Factor (Transportation 

Management) on Supply Chain Management of Road Project s in  Disaster Areas 

(Questions 10, 10.1 -10.6) 

This section was designed to ascertain the effects of Infrastructural Situational Factor on 

supply chain performance of road projects in disaster areas within surveyed organisation. 

The sub-factors of Infrastructural Situational Factor were also discussed in Questions 

10.1 - 10.6. The degree of prominence of each factor is indicated in the questionnaire so 

that respondent can highlight how much each factor contributes towards low productivity 

of supply chain management of road project. Table 6.3 illustrates a section sample of the 
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questionnaire being developed to ascertain the effects of variables on the projects being 

implemented by the surveyed organisations. 

Table: 6.3 Questionnaire for Infrastructural Situational Factor 

Serial  Questions  

Q-10 

Does infrastructural situational factor effect  supply chain 
performance of road projects in disaster areas?  
(1 as Not Prominent , 2 as Less Prominent,  3 as Prominent (3) 4 as 
More Prominent,  5 as Always Prominent )  

 
Degree of 
prominence  
 

Q-10.1 

Difficulty in flow of material from one point to another due to poor 
transport network affect supply chain performance of road project in 
disaster areas of the world. 
50 and above % material is delayed -5 
35 - 50 %  material is delayed -4 
20 - 35 %  material is delayed -3 
10 - 20 %  material is delayed -2 
0-10 %  material is delayed -1 

 

Q-10.2 

Disconnection of transportation �± raw material to warehouse and final 
product to project site affect supply chain performance of road projects in 
disaster areas of the world. 
50 and above % disconnection of transportation -5 
35 - 50 %  disconnection of transportation -4 
20 - 35 %  disconnection of transportation -3 
10 - 20 disconnection of transportation -2 
0-10 %  disconnection of transportation -1 

 

Q-10.3 

Miscalculation of transport for movement of materials and supplies affect 
supply chain performance of road projects in disaster areas of the world. 
50 and above % miscalculation of transport- 5 
35 - 50 %  miscalculation of transport - 4 
20 - 35 %  miscalculation of transport - 3 
10 - 20 miscalculation of transport - 2 
0-10 %  miscalculation of transport - 1 

 

Q-10.4 

Inefficient and stereotype transport system affect supply chain 
performance of road projects in disaster areas of the world. 
10 percent inefficient and stereotype transport system - 5 
8 to 10 percent inefficient and stereotype transport system - 4 
4 to 7 percent inefficient and stereotype transport system - 3 
1 to 3 percent inefficient and stereotype transport system - 2 
0-1 percent inefficient and stereotype transport system - 1 

 

Q-10.5 

Limited choice of outsourced transport companies affect supply chain 
performance of road projects in disaster areas of the world. 
More than 70 % of the local population do not accept outsider suppliers  
- 5 
50 - 70 % of local population do not accept  outsider suppliers  - 4 
30 - 50 % of local population do not accept  outsider suppliers  - 3 
10 - 30 % of local population do not accept  outsider suppliers  - 2 
0 - 10 % of local population do not accept  outsider suppliers  - 1 

 

Q-10.6 
Exaggerated higher rates of transportation from distribution points to 
project sites affect supply chain performance of road projects in disaster 
areas of the world. 
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6.10 Investigating the Effects of Socio -Economic Situational Factor on Supply 

Chain Management of Road Projects in Disaster Areas (Questions 11, 11.1 -11.6) 

This section was designed to ascertain the effects of Socio-Economic Situational Factor 

on supply chain performance of road projects in disaster areas within surveyed 

organisation. The sub-factors of Infrastructural Situational Factor were also discussed in 

Questions 11.1 - 11.6. The degree of prominence of each factor is indicated in the 

questionnaire so that respondent can highlight how much each factor contributes 

towards low productivity of supply chain management of road project. Table 6.4 

illustrates a section sample of the questionnaire being developed to ascertain the effects 

of variables on the projects being implemented by the surveyed organisations. 

Table: 6.4 Questionnaire for Socio-Economic Situational Factor 

Serial  Questions  

Q-11 

Does socio -economic  situational factor effect  supply chain 
performance of road projects in disaster areas?  
(1 as Not Prominent , 2 as Less Prominent,  3 as Prominent (3) 4 as 
More Prominent,  5 as Always Prominent )  

 
Degree of 
prominence  
 

Q-11.1 Fluctuating market economy affect supply chain performance of road 
project in disaster areas of the world.  

Q-11.2 Non-presence of local suppliers affect supply chain performance of road 
projects in disaster areas of the world (D. W. Chan et al., 1997). 

 

Q-11.3 

Lack of local community support affect supply chain performance of road 
projects in disaster areas of the world  (Dikmen et al., 2007). 
More than 70 % of the local population is against road projects - 5 
50 - 70 % of local population is against road projects - 4 
30 - 50 % of local population is against road projects - 3 
10 - 30 % of local population is against road projects - 2 
0 - 10 % of local population is against road projects  - 1 

 

Q-11.4 

Conflict between local and outsider suppliers due to undue local 
demands affect supply chain performance of road projects in disaster 
areas of the world  (Wang et al. Dulaimi, 2007). 
Very frequent conflicts by locals - 5 
Frequent conflict by local people - 4 
Occasional conflicts by local population - 3 
Rare conflicts by locals - 2 
Very rare conflicts by local population -1 
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6.11 Investigating the Effects of Government / Political Situational Factor on 

Supply Chain Management of Road Projects in Disaster Areas (Questions 1 2, 12.1-

12.6) 

This section was designed to ascertain the effects of Government / Political Situational 

Factor on supply chain performance of road projects in disaster areas within surveyed 

organisation. The sub-factors of Infrastructural Situational Factor were also discussed in 

Questions 12.1 - 12.6. The degree of prominence of each factor is indicated in the 

questionnaire so that respondent can highlight how much each factor contributes 

towards low productivity of supply chain management of road project. Table 6.5 

illustrates a section sample of the questionnaire being developed to ascertain the effects 

of variables on the projects being implemented by the surveyed organisations. 

Table: 6.5 Questionnaire for Government / Political Situational Factor 

Serial  Questions  

Q-12 

Does government / political situational factor  effect supply chain 
performance of road projects in disaster areas?  
(1 as Not Prominent , 2 as Less Prominent,  3 as Prominent (3) 4 as 
More Prominent,  5 as Always Prominent )  

 
Degree of 
prominence  
 

Q-12.1 Fragile regime affect supply chain performance of road project in 
disaster areas of the world  (Ramanathan et al., 2012).  

Q-12.2 
National Regulations towards suppliers and project stakeholders affect 
supply chain performance of road projects in disaster areas of the world 
(D. W. Chan et al., 1997). 

 

Q-12.3 
Lack of government administration involvement affect supply chain 
performance of road projects in disaster areas of the world (Dikmen et 
al., 2007). 

 

Q-12.4 High Level of corruption affect supply chain performance of road projects 
in disaster areas of the world. 

 

Q-12.5 
Lack of political will to function supply chain management affect supply 
chain performance of road projects in disaster areas of the world 
(Ramanathan et al., 2012). 

 

Q-12.6 
Non existence of government policy to facilitate suppliers affect supply 
chain performance of road projects in disaster areas of the world  (Wang 
et al. Dulaimi, 2007). 

 

6.12 Investigating the Effects of Communication and Technology Factor on 

Supply Chain Management of Road Projects in Disaster Areas (Questions 1 3, 13.1-

12.6) 
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This section was designed to ascertain the effects of communication and technology 

factor on supply chain performance of road projects in disaster areas within surveyed 

organisation. The sub-factors of communication and technology factor were also 

discussed in Questions 13.1 - 13.6. The degree of prominence of each factor is indicated 

in the questionnaire so that respondent can highlight how much each factor contributes 

towards low productivity of supply chain management of road project. Table below 

illustrates a section sample of the questionnaire being developed to ascertain the effects 

of variables on the projects being implemented by the surveyed organisations. 

Table: 6.6 Questionnaire for Communication and Technology Factor 

Serial  Questions  

Q-13 

Does communication and technology  factor effect supply chain 
performance of road projects in disaster areas?  
(1 as Not Prominent , 2 as Less Prominent,  3 as Prominent (3) 4 as 
More Prominent,  5 as Always Prominent )  

 
Degree of 
prominence  
 

Q-13.1 
Lack of information regarding change in demand, forecasting, inventory 
and transportation  affect supply chain performance of road project in 
disaster areas of the world  (Ramanathan et al., 2012). 

 

Q-13.2 Lack of information within project teams affect supply chain performance 
of road projects in disaster areas of the world  (D. W. Chan et al., 1997). 

 

Q-13.3 
Non-existence of forecast logistics management planning due to lack of 
communication  affect supply chain performance of road projects in 
disaster areas of the world (Dikmen et al., 2007). 

 

Q-13.4 Lack of communication tools affect supply chain performance of road 
projects in disaster areas of the world. 

 

Q-13.5 
Daily demand of project teams not met factor of supply chain 
management affect supply chain performance of road projects in 
disaster areas of the world(Ramanathan et al., 2012). 

 

Q-13.6 Lack of planning tools affect supply chain performance of road projects 
in disaster areas of the world  (Wang et al. Dulaimi, 2007). 

 

6.13 Investigating the Effects of Organizational Internal Factor  on Project 

Performance in Man -made Disaster Areas (Questions 14, 14.1 -14.4) 

This section was designed to ascertain the effects of organizational internal factor on 

project performance in human induced disaster areas of the world within surveyed 

organisation. The top and senior supply chain managers, representatives of consultants, 

clients, political administration and local population of disaster areas were targeted for 

indicating their answers. These people within the organisation were considered the most 
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knowledgeable people about the issue so they were asked to answer if the organisation 

has suffered the effects of these variables. The sub-factors of institutional factor were 

also discussed in questions 14.1 - 14.4. The degree of prominence of each factor is 

indicated in the questionnaire so that respondent can highlight how much each factor 

contributes towards low productivity of project. Table below illustrates a section sample 

of the questionnaire being developed to ascertain the effects of variables on the projects 

being implemented by the surveyed organisations. 

Table: 6.7 Questionnaire for organizational internal Factor 

Serial  Questions  

Q-14 

Does organizational internal factors of supply chain management  
affect supply chain  performance of road projects in disaster 
areas?  
(1 as Not Prominent , 2 as Less Prominent,  3 as Prominent (3) 4 as 
More Prominent,  5 as Always Prominent )  

 
Degree of 
prominence  
 

Q-14.1 Non-Collaboration amongst project teams and suppliers affect supply 
chain performance of road projects in disaster areas of the world. 

 

Q-14.2 Unrealistic planning due to incomplete and inaccurate data affect 
supply chain performance of road projects in disaster areas of the 
world. 
More than 60 % inaccuracy  - 5 
40 - 60 % of inaccuracy - 4 
30 - 40 % of inaccuracy - 3 
10 - 30 % of inaccuracy - 2 
0 - 10 % of inaccuracy - 1 

 

Q-14.3 Lack of proficient supply chain managers affect supply chain 
performance of road projects in disaster areas of the world. 

 

Q-14.4 Untimely mobilization of resources affect supply chain performance of 
road projects in disaster areas of the world. 

 

 

6.14  Selection of Participants  

The population will be selected based on suppliers, managers, contractors, consultants, 

clients, government administration and local population of different parts of different 

countries of world. Participants from eight countries: Pakistan, Iraq, Afghanistan, Sri 

Lanka, India, Liberia, Japan, Bangladesh and Palestine will be chosen due to number of 

reasons:  
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a. These countries are the true depiction of disaster areas of the world, where 

extreme disasters (both natural and man-made) remained at its peak. Many of 

above mentioned countries have suffered the most after 9/11.  

b. The researcher himself has served in Federally Administered Tribal Areas (FATA) 

of Pakistan, Afghanistan and UN Mission in Liberia where he has either been 

executing infrastructure projects himself or remained affiliated with those who 

have been carrying out project. This was critical in enabling him to gain access 

both to the people working in disaster areas and the required archival material, as 

well as to communicate with interviewees.  

c. Most of the managers / stakeholders in these countries believe that environmental 

uncertainties, uncertainties in demand and supply, communication and technology 

factor, socio-economic factor, infrastructural situational factor, political factor, 

organizational internal factors are the significant factors and if minimized can 

improve time and cost performance of supply chain of infrastructure projects. 

Frequent visits / reminders will be made by the researcher to the sample population. 

Fresh data will be collected through closed ended questionnaire developed in 

subsequent chapter on real time information for further analysis.  

6.15 Procedure to Implement Survey  

6.15.1 The Cover Letter . Cover letter introduces the researcher and the research work. 

It informs the participants and give them confidence that aim of the survey is to gather 

information about the specific topic under inquiry and clarify that the feedback will be only 

made part of research. To make them feel safe about their opinions, participants will not 

be insisted to reveal their names, neither these will be mentioned in research. The cover 

letter will reiterate that shared information/ data will be kept confidential and will not be 

used for any other purpose.  
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6.15.2 Piloting the Questionnaire . Piloting is a essential process which allows 

checking for suitability, practicality and validity of any research tool (Neuman, 2002). 

Therefore, on completion of first draft of questionnaire and well before distributing it to 

real sample, the researcher will undertake a pilot study. Firstly, two experts will pilot the 

questionnaire and these are in fact those people who had actually been performing in 

disaster areas. This piloting resultantly, may demand rephrasing, deleting, or reordering 

several items.  

As a pilot project, distribution of first draft of the questionnaires to a small group of         

20 participants will provide feedback on clarity of textual content / statements and their 

comprehension. Suggestion / comments will be sought from participants to improve the 

health of questionnaire. On receipt of comments/ opinions, it will be dovetailed before 

finalization of the questionnaires. Some minor changes in phrases /words can be made 

on the basis of their suggestions. The feedback will help in enhancing the understanding 

of the questionnaire at various points.  

6.15.3 Administering the Questionnaire  

The questionnaire will be circulated amongst 400 people in disaster regions all over the 

world. Participants will include suppliers, employees of contractors, consultants, clients, 

district administration, mangers and locals from India, Pakistan, Sri Lanka, Afghanistan, 

Liberia, Bangladesh, Japan and Iraq.  

Method of distribution and follow up of researcher will determine the rate of response. 

The questionnaires will be distributed and full freedom will be given to the respondents to 

express their views without any intrusion on the researcher's part to avoid any form of 

bias. The typical response time to the questionnaire will be about 40-60 minutes. 

6.16 Questionnaire Implementation  

The developed questionnaires were distributed across all the targeted companies and 

stakeholders including supply chain managers, suppliers, contractors, consultants, 
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clients, political administration and local population as  mentioned earlier. Each copy of 

the developed comprehensive questionnaires was given a code and a number, so that a 

precise record of the respondents could be tracked from each stakeholder. For this 

purpose each targeted type has been given a particular code. Table below shows a list of 

the targeted stakeholders along with their given codes. For instance, a questionnaire with 

a code of CT meant that this copy was used for investigating the factors / variables 

affecting project performance within the contractor firm. 

Table: 6.8 Targeted Stakeholders with Given Codes  

Ser Targeted Stakeholder  Code 
1. Supply Chain Managers SCMs 
2. Suppliers Ss 
3. Contractor Firm (managers) CT 

4. Consultant CS 

5. Client CL 
6. Political / Government Administration ADM 
7. Local Population LP 

Then, a particular number was attached to the given code for each targeted industry, the 

numbers from 1 to 50 being used for each �V�W�D�N�H�K�R�O�G�H�U�¶�V���T�X�H�V�W�L�R�Q�Q�D�L�U�H�V. The researcher 

planned to send 50 copies from each developed questionnaire to each of the 7 targeted 

industries, making the total number of copies of the questionnaire to be total of 350 

copies for each survey.  

Most stakeholders are hesitant to take part in these type of research surveys. The copies 

of survey questionnaires were not distributed by conventional mailing system. These 

copies were administered either by handing over them in person or via email. A 

considerable time was taken by researcher to implement this phase of research. 

As an initial step, to deliver the structured questionnaire, a letter was drafted formally and 

forwarded it to various stakeholders. The letter gives a general view about information 

collection and its role as a contributor in developing a model that will be a benchmark for 

planners to plan supply chain management in disaster areas. The formal letter also 
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motivates the targeted sample to fill it promptly. Next step is the collection of data after 

completion and receipt of structured questionnaire from sample population. 

A database with all the survey information will be statistically analysed using the 

Statistical Package for Social Science (SPSS) Version 14.0 for Windows. The statistical 

analysis was used for the descriptive statistics, which included frequencies and 

percentages to present the main characteristics of the gathered data and the profile of 

the surveyed organisations / stakeholders. The analysis also included calculating the 

mean values of the key elements of each technique/philosophy being used for this 

survey. Finally, statistical tests were applied to address the difference between the 

implementation status of the investigated techniques/philosophies within the private and 

governmental sectors related to supply chain / construction industry in disaster areas. 

6.17 Statistical Analysis of Questionnaire  

Statistics is a discipline of science, which studies the collection of data in order to obtain, 

and then organise, summarise, present, analyse, and extract the conclusions based on 

the gathered data (TRIOLA, 1998). The data may be obtained from single measurements 

or derived from a set of measurements from the sample (Wallnau, 2004). A variable is a 

characteristic or condition whose values may change for different factors. Specifically, 

the variables can be classified into two types as follows: 

a. Nominal (categorical) variables, which allow for only qualitative classification and 

they be measured only in terms of whether the variables belong to some 

distinctively different categories or not, such as type of organisation, gender, 

business area, etc.  The questions within Section A of the questionnaire are within 

the form of nominal variables. 

b. Ordinal variables, which are used to rank the order of measured items in terms of 

which has less and which has more of the quality that is represented by the 
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variable. The latest scale being designed within the developed in questionnaire for 

the recent research project is in the form of using ordinal variables. 

6.17.1 Reliability Test  

Reliability or truthfulness of a relation is intuitive concept but still extremely important as it 

pertains to the representatives of the findings and results that are found from a specific 

sample of the entire population. It refers to the degree to which the items that are making 

the scale are reliable and are all measuring the same underlying construct. This 

measurement is known as the internal consistency, which can be indicated by 

�&�U�R�Q�E�D�F�K�¶�V���$�O�S�K�D��Coefficient. According to (Pallant, 2005), �W�K�H���L�G�H�D�O���Y�D�O�X�H���R�I���&�U�R�Q�E�D�F�K�¶�V��

Alpha Coefficient should be above 0.7, which implies that the scale is reliable with the 

used sample.  

6.17.2 Test for Correlation  

Correlation test measures the relationship amongst various variables / factors. 

Correlation coefficient r quantifies the direction and its magnitude. The correlation 

coefficient is having range starting from -1 and ends at +1(Cohen et al., 2013). Ideal -ve 

correlation indicates that once one variable increases the other decreases. Similarly, +ve  

correlation indicates once a variable increases the other also increases(Pallant, 2005).0 

value denotes that there is no relationship. Following guidelines have been given by the 

authors: 

 Value of r = 0.1 to 0.29 or -0.1 to -0.29 shows very less relationship 

 Value of r = 0.1 to 0.29 or -0.1 to -0.29 shows medium relationship  

 Value of r = 0.5 to 1 or -0.5 to -1 shows high relationship 

+1 value shows the perfect positive relationship whereas -1 shows perfect -ve 

relationship as shown in the figure below. 



 

163 
 

 

Figure 6.2, Various Correlation ships 

To quantify relationship, a non-pragmatic method used is Spearman Rank Correlation. In 

this method, data is assumed to be ranked  and Gaussian distribution (Normal 

Distribution) is not assumed (Pallant, 2005).As the recent data is in the form of ranks, the 

best correlation test for this recent data is Spearman's Rank Correlation.This technique 

is employed to test the strength and direction of the correlation of two variables(Motulsky, 

1995) Motulsky, 1995). It shows that to be tested sample has effect on another sample. 

Following formula is employed to find out the value of r: 

�N
L
�Ç�Ã�ë�ì�?�:�Ã�v�;�:�Ã�w�;


¥�>�R�Ã�v�?�:�Ã�v�;�?
¥�>�R�Ã�w�?�:�Ã�w�;�?
  

Where  

N = Number of pairs of score 

�Ã�T�U = Sum of products of paired score 

�Ã�T = Sum of x scores 

�Ã�U = Sum of y scores 

�Ã�T�6 = Sum of squared x scores 

�Ã�U�6 = Sum of squared y scores 

Equation 6.1 
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6.17.3 Mann Whitney Test  

"U" test or The Mann Whitney Test is a non-parametric test which is employed to assess 

that either the medians between two investigated samples are same or not.  In this test 

two type of hypotheses are checked. One is Null Hypothesis which shows that samples 

are taken from single population so medians are equal. Two samples are required to be 

independent and observation to be ordinal. The other hypothesis is alternative which is 

opposite to Null Hypothesis. The Mann-Whitney test is included in the SPSS Package 

and is calculated with the formula given below:   

�� 
L �J�5�J�6 
E
�á�-�:�á�-�>�5�;�ë�.

�6

F �4       

Here: �J�5�á�J�6 are two sample sizes 

�4�5 is the sum of the ranks in sample 1 

Equation 6.2 

The important outcome of the mentioned test is p value , which is bordered as 0.05. If p 

value is less than 0.05, it is concluded that the idea is rejected and the difference is a 

coincidence, and it is concluded instead that two tested groups are similar to each other. 

If  p value is more than 0.05, then the findings are not giving reasons of conclusion that 

overall medians deviate from each other, and it gives evidence that two tested groups 

are not the same. Mann Whitney test does not need the assumption that the variation 

between two samples is normally distributed. This test can also be applied when the 

observations in the sample data is ordinal rather direct measurement. Therefore, Mann 

Whitney test is regarded as the most feasible statistical test which can be applied to test 

the data in research. 

  



 

165 
 

6.18 Validation of Questionnaire  

Thirty six queries (questions)  were raised as enunciated above. Accumulative outcome 

of seven primary factors is worked out. Ordinal scale was employed keeping in view their 

importance as Non-prom inent (1), Less Prominent (2), Prominent (3), More 

Prominent  (4), Most Prominent (5)" (Boynton et al., 2004).  Validation of the 

questionnaire is carried out before forwarding it to experts(Presser et al., 2004). 

Questionnaire is validated as under:- 

6.18.1 Face Validity Establis hment  

Past studies have indicated good about the topic and assessment of the factors which 

are to be measured (Harari et al., 1990). The survey sheet having questions is 

distributed to experts and the individuals who have actually carried out projects in 

disaster areas, who understand the topic under discussion for assessment.  The experts 

thoroughly study the questions  to evaluate whether this survey questionnaire covers the 

topic of research efficiently and effectively or vice versa. The survey questionnaire was 

forwarded to eighty individuals of the field who verified questions with few amendments 

keeping in view the research scope. 

6.18.2 Pilot Study Survey  

Pilot study survey is carried out on subset of population which is intended to be tested 

with varying sample size. Some researchers suggests fifteen respondents for each 

question. The survey questionnaire was forwarded to eighty five respondents who are 

working in the same field.  

6.18.3 Cleaning of Dataset  

After collection of pilot data, responses were entered in SPSS package and data was 

cleaned. The method employed for entry of data is: data is read by one individual and 

entered by the other. Data reading and entering by one individual is prone to colossal 
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mistakes. Liker at scale with five levels is used in the questions. Negatively phrased 

questions are reversely coded. These are effective if the respondent responses in 

reckless manner. Answers to negatively phrased questions should be consistent with 

positively phrased questions. Values of data set including highest and lowest were 

checked. The answers of seventy six respondents are entered in the spreadsheet and 

mentioned technique is applied by selecting data of sixty five respondents. 

6.18.4 Principal Component Analysi s (PCA) 

Principal Component Analysis also known as factor loading is the next stage of 

validation. It denotes that which queries are the measure of which factors. Queries 

measuring same things / ideas are loaded on same factor. The range of factor loading is 

from -1 to +1. In grouping factor loading, values which ranges from +6 to -6 or more are 

important. Factors denotes one common theme represented by questions (Broder et al., 

2007). As an example, in case of seven themes of factors, meaning by seven things are 

measured by the survey. In the end, queries loaded on one same factor are compared 

and combined while analyzing the data. Factor loading (Principal Component Analysis) 

of collected data is discussed in ensuing paragraphs:- 

6.18.5 Preliminary Data Analysis  

The regression/correlation is employed to verify the matrix relationship. The recorded 

values which are greater than 0.05 are considered as significant. The values greater than 

0.9 should be taken into account by the correlation. In case of such values, there is a 

singularity problem in the data. After checking the determinant given at the bottom of 

correlation matrix, two or more variables can be discarded, if deemed necessary. In this 

particular case, correlation amongst various factors / questions is good and there is none 

correlation coefficient which has larger value, therefore there is no requirement to discard 

any factor / question at this stage. 
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6.18.6  Extraction/Rotation of Factor  

Eigen values associated with linear component which are extracted before and after, and 

rotated after are listed down in the table below. Eigen values are the measure of 

variance of observed variable from the factor. 36 components are identified by the 

package SPSS before it is extracted. Eigen values are associated with one factor which 

denotes variance which is explained by linear component. As an example, Factor no 1 

illustrates 26.981 percent of total variance. Initial factors illustrates comparatively higher 

variance. Package SPSS extracts the factors which has eigen values more than one. 

The extracted factors will be eight. Scree plot explains the factors and eigen values.The 

values in part labeled Extraction Sums of Squared Loadings are same as the values 

before extraction except those discarded factors. In last part of table labeled Rotation 
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Sums of Squared Loadings eigen values after rotation are displayed. Rotation optimize 

the factor structure by equalizing importance of all eight factors. 

 Table 6.9 Table of  Total Variance Explained 

 

6.18.7  Table of Communalities  

Table of communalities indicates factors extracted before and after.  Initial assumption is 

that all variance is common, therefore, before extraction communalities are one. The 

communalities in labeled Extraction show common variance in data structure. For 

example 88.6 % of variance associated with question 1 is common. After extraction 

some factors are discarded.  
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Figure 6.3: Screen Plot and Table of Communalities 

6.18.8  Table of Component Matrix  

Table below shows table of component matrix before rotation. The component matrix 

consists of loadings of each variable on each factor. All loadings less than 0.4 have been 

suppressed. Package extracted first 8 factors. The communality in average comes to be 

0.753 (19.56/26). The figure is greater than 0.7 which shows that the size of the sample 

is reasonably good. Revision of sample is not required and all factors will be kept / 

retained. In case the value of communality is smaller than 0.6 then there is a requirement 

to improve the size of the sample. 0.6 value will be good for size of sample more than 

260.   
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Table 6.10 Matrix Component 

 

6.18.9  Rotation of Factors  

Rotated Component matrix before rotation are shown in the table below. It is basically 

variable loading on each factor. Loadings having values less than 0.400 are suppressed. 

Table shows that on comparing rotated and un-rotated matrix, most of the variables are 

highly loaded on single factor (first factor). Out of eight factors, first factor loaded high by 

variables. 
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Table 6.11: Component Matrix - Rotated  

 

6.18.10 Interpretation of Principal Component Analysis  

It is important to see that the different question with similar themes are extracted and 

then loaded on single factor. It is seen that questions of same types are falls in the same 

factor. 

6.18.11 Checking Reliability  

To check the reliability of factors on which questions are loaded is the next phase of 

validation (Bousquet et al., 1994). Reliability shows the regression / correlation amongst 

various question which fall under one factor. Cronebach Alpha is the test of reliability 

which denotes the consistency internally. Its values lies between zero and ten. The factor 

having value 0.7 or high will be considered good as far as reliability of data is concerned. 
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The value from 0.6-0.7 is acceptable. If the value is less than 0.7, deletion of few 

questions will be required to improve reliability. Questions covered in one topic will be 

considered consistent internally (Peterson et al., 2007). The reliability analysis of four 

factors is given as under:- 

Table 6.12: Reliability Statistics of Factor  

Factors Cronbach's Alpha Cronbach's Alpha Based on 
Standardized Items N of Items 

Factor 1 .875 .927 4 

Factor 2 .859 .889 6 
Factor 3 .800 .834 6 
Factor 4 .809 .823 4 
Factor 5 .633 .663 6 
Factor 6 .931 .944 6 
Factor 7 .603 .636 4 

The values of CA is more than 0.7. There is internal consistency of questions loaded on 

same factor is good.  

6.18.12 Revising Questions  

Finally the questionnaire is revised after validation basing upon the information and 

results achieved from reliability analysis and PCA. The loading of questions on one 

single factor should come under one topic as given in the table below. There are still few 

questions which are not loaded on any factor adequately, retention and analysis of these 

questions will be carried out separately. The questions after revision are given below in 

the table:- 

Table 6.13: Revising Questions 

Serial  Questions  
Environment al Uncertainties  

Q-1 The Suspension of supplies due to day to day casualties in disaster areas affect 
supply chain performance of road projects (Faridi et al., 2006). 

Q-2 Interrupted supplies chain due to insecure environment cause impact on supply chain 
performance of road projects in disaster areas of the world (Joras et al., 2008). 

Q-3 Re-contracts due to abandoning of work by outsourced suppliers affect the supply 
chain performance of road projects of disaster areas of the world (Paul, 1987). 

Q-4 Sabotage activities by local population at warehouses affect supply chain 
performance of road projects in disaster areas of the world (Isenberg, 2009). 

Demand and Supply Factor (Inventory and Warehouse Management)  
Q-5 Insufficient warehouses due to lack of historical data cause impact on supply chain 

performance of road projects in disaster areas of the world (Gleason et al., 2009). 
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Q-6 . Disproportionate storage of products due to errors in quick estimates cause impact 
on supply chain performance of road projects in disaster areas of the world (C. M. 
Johnson, 2010). 

Q-7 Longer Lead Times of supplies affect the supply chain performance of road projects 
in disaster areas of the world (Kaming et al., 1997). 

Q-8 Non-utilization of material stock at project site affect the supply chain performance of 
road projects in disaster areas of the world. 

Q-9 Mismatch between raw material, work in process and finished product affect supply 
chain performance of road projects in disaster areas of the world (Dikmen et al., 
2007). 

Q-10 Imbalance between inventory maintenance, economies of scale and lead time affect 
supply chain performance of road projects in disaster areas of the world (Kaming et 
al., 1997) 

Infrastructural Situational Factor  
Q-11 Difficulty in flow of material from one point to another due to poor transport network 

affect supply chain performance of road project in disaster areas of the world 
(Gleason et al., 2009). 

Q-12 Disconnection of transportation �± raw material to warehouse and final product to 
project site affect supply chain performance of road projects in disaster areas of the 
world (C. M. Johnson, 2010). 

Q-13 Miscalculation of transport for movement of materials and supplies affect supply 
chain performance of road projects in disaster areas of the world (Wang et al. 
Dulaimi, 2007). 

Q-14 Inefficient and stereotype transport system affect supply chain performance of road 
projects in disaster areas of the world. 

Q-15 Limited choice of outsourced transport companies affect supply chain performance of 
road projects in disaster areas of the world (D. W. Chan et al., 1997). 

Q-16 Exaggerated higher rates of transportation from distribution points to project sites 
affect supply chain performance of road projects in disaster areas of the world 
(Ramanathan et al., 2012). 

Socio -Economic Situational  
Q-17 Fluctuating market economy affect supply chain performance of road project in 

disaster areas of the world. 
Q-18 Non-presence of local suppliers affect supply chain performance of road projects in 

disaster areas of the world (D. W. Chan et al., 1997). 
Q-19 Lack of local community support affect supply chain performance of road projects in 

disaster areas of the world (Dikmen et al., 2007). 
Q-20 Conflict between local and outsider suppliers due to undue local demands affect 

supply chain performance of road projects in disaster areas of the world (Wang et al. 
Dulaimi, 2007). 

Government / Political Situational Factor  
Q-21 Fragile regime affect supply chain performance of road project in disaster areas of 

the world (Ramanathan et al., 2012). 
Q-22 National Regulations towards suppliers and project stakeholders affect supply chain 

performance of road projects in disaster areas of the world (D. W. Chan et al., 1997). 
Q-23 Lack of government administration involvement affect supply chain performance of 

road projects in disaster areas of the world (Dikmen et al., 2007). 
Q-24 High Level of corruption affect supply chain performance of road projects in disaster 

areas of the world. 
Q-25 Lack of political will to function supply chain management affect supply chain 

performance of road projects in disaster areas of the world (Ramanathan et al., 
2012). 

Q-26 Non existence of government policy to facilitate suppliers affect supply chain 
performance of road projects in disaster areas of the world (Wang et al. Dulaimi, 
2007). 

Communication and Technology  Factor  
Q-27 Lack of information regarding change in demand, forecasting, inventory and 

transportation  affect supply chain performance of road project in disaster areas of 
the world (Ramanathan et al., 2012). 

Q-28 Lack of information within project teams affect supply chain performance of road 
projects in disaster areas of the world (D. W. Chan et al., 1997). 

Q-29 Non-existence of forecast logistics management planning due to lack of 
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communication  affect supply chain performance of road projects in disaster areas of 
the world (Dikmen et al., 2007). 

Q-30 Lack of communication tools affect supply chain performance of road projects in 
disaster areas of the world. 

Q-31 Daily demand of project teams not met factor of supply chain management affect 
supply chain performance of road projects in disaster areas of the world 
(Ramanathan et al., 2012). 

Q-32 Lack of planning tools affect supply chain performance of road projects in disaster 
areas of the world (Wang et al. Dulaimi, 2007). 

Organizational Internal Factors  
Q-33 Non-Collaboration amongst project teams and suppliers affect supply chain 

performance of road projects in disaster areas of the world. 
Q-34 Unrealistic planning due to incomplete and inaccurate data affect supply chain 

performance of road projects in disaster areas of the world. 
Q-35 Lack of proficient supply chain managers affect supply chain performance of road 

projects in disaster areas of the world. 
Q-36 Untimely mobilization of resources affect supply chain performance of road projects 

in disaster areas of the world. 

6.19 Summary of Chapter  

This chapter has presented the developed Questionnaire, which is primarily used to 

collect data from sample population. Detailed methodology structure along with 

relationship chart and structure of questionnaire is explained. Finally, the methodology to 

statistically analyse the data is elucidated using reliability, correlation and Mann-Whitney 

Tests. This chapter also described how the questionnaire was validated. The said 

verification and validation is done by using PCA. Finally, basing upon internal 

consistency of loaded factors, revision of questionnaire was carried out. This chapter 

also describes the data collection and then quantitative data analysis. Different tests 

including reliability statistics, multicollinearity, skewness and kurtosis, and goodness for 

fit test (chi square) were conducted to check the data before assessing relationship 

between various variables. Lastly, correlation / regression between dependent and 

independent variables was conducted. The significance of variables is calculated by use 

of linear regression equation. The more the value of coefficient of determination, more 

significant the factor is.   
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CHAPTER 7 

Quantitative Analysis Of Data  

7.1 Introduction  

In this chapter, data is collected by means of  structured questionnaire which is 

forwarded to the respondents. The data is checked and verified by means of various 

tests. Consistency, Multicollinearity, Skewness and Kurtosis and Chi-Square tests are 

conducted by processing the data in SPSS package. After checking the reliability of data, 

detailed multi-variant analysis is carried out. Relationship linear regression equations are 

derived to assess the association amongst various variables. In the end, significance of 

each factor was calculated by SPSS package.  This significance in order of weights can 

help the managers improve the supply chain project performance.   

7.2 Research Data  Collection and Analysis Technique - Processing of Data in 

SPSS 

Fresh collection of data was carried out through developed questionnaire (real time 

information) which is closed ended. Detailed questions were forwarded to 373 

respondents who were chosen basing upon their services in supply chain management 

of road project in disaster areas of the world. Sufficient members of supply chain 

managers, consultant, client, contractors, military engineers, political administration and 

locals from disaster areas were included in the sample. Response from 299 respondents 

was received. After passing through cleaning of data set, 246 responses were selected.  

Table 7.1 Summary - Data Collection 

Questionnaire  Forwarded  to 
Sample  

Total  Received  Incomplete / 
Non Serious 

Filling  

Selected  Remarks  

Hard 
Copy  

Package (e -
questionnaire)  

200 173 373 299 53 246 Response 
in the form 
of numbers 
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SPSS tool was used to formulate the frequencies of all variables, their reliability, 

descriptive analysis, standard deviation and regression of variables. The correlation 

method was used to check association and relationship between independent variable 

(IV) and dependent variables (DV). Likert scale is employed to assess and analyze the 

effects of varying variables on the supply chain performance of road projects in disaster 

areas of the world. 

7.3 Reliability Analysis  

Reliability analysis is used to check the consistence of the data. The value of Cronebach 

Alpha dictates the reliability of the data. The table below shows thirty six items whose 

value of Cronebach Alpha is 0.928. It is more than 0.7. It means that internal consistency 

amongst items is good and data is reliable. The better values of Cronebach Alpha of 

each variable below also doesn't permit deletion of any item. 

Table 7.2 Reliability Analysis 

Reliability Statistics  
Cronbach's Alpha Cronbach's Alpha Based on 

Standardized Items 
N of Items 

.928 .939 44 
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 Table 7.3 Item-Total Statistics 

 

7.4 Multi collinearity  

If the independent variables have stronger relationship amongst themselves than the 

dependent variable (relationship of one predictor factor with others) in any linear multiple 

regression / correlation model. The variables are forecasted linearly from remaining 

variables with substantial degree of precision. Tolerance of predictor is equal to one 

minus coefficient of determination (R sq)  and VIF (variance inflation factor) is reverse of 

tolerance. In case, tolerance of predictor has value lower than 0.2 or 0.1 or variance 
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inflation factor is five or ten or more than that, it denotes that there is a multicollinearity 

problem, thus model is weak. Values shown in the table below has tolerance more than 

zero point two and values of VIF are less than five. Hence there are no multicollinearity 

problem. 

Table 7.4: Coefficient - Multicollinearity

 

7.5 Skewness and Kurtosis Test  

Skewness is degree of asymmetry of distribution of data keeping mean as centre. 

Positively skewed data is the one which is distributed asymmetrically to more positive 

numbers / values where as negatively skewed data is distributed asymmetric to more 

negative values / numbers. In normally distributed skewed, data will be distributed closer 

to zero. Kurtosis is considered as the climaxes or flatness/evenness of distributed data 

comparing it with normally distributed data. Positivity of kurtosis denotes climaxes of 
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distributed data. Negativity of kurtosis denotes evenly distributed data. Ideal value of 

normal distribution of data is three. As shown in the figure below, the data of 

environmental uncertainties has more inclination towards left and its value is negative 

one point six two three and has negative skewness. The kurtosis gives the number as 

three point one four eight  which is close to value three. Thus the data has ideal normal 

distribution curve and is lesser flat. 

 

  Figure 7.1: Tests of Skewness and Kurtosis - Environmental Uncertainties 

 The uncertainties in demand and supply data has negative skewness and has more 

inclination towards left. Its value is negative and equals to minus one point seven three. 

The kurtosis number is equal to three point six which has closeness to three. The curveis 

based on normal distribution of data with more evenness/flatness. 
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Figure 7.2: Tests of Skewness and Kurtosis - Uncertainty in Demand and Supply 

As shown in the figure below, the data of communication and technology factor has more 

inclination towards left and its value is negative point five seven two and has negative 

skewness. The kurtosis gives the number point two three nine. Thus the data has normal 

distribution curve and is flat.  

 

Figure 7.3: Tests of Skewness and Kurtosis - Communication and Technology Factor 

The government and political situational factor data has negative skewness and has 

more inclination towards left. Its value is negative and equals to minus point one five six 
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three. The kurtosis number is equal to zero point zero five four. The curve is based on 

normal distribution of data with more evenness/ flatness. 

Figure 7.4: Tests of Skewness and Kurtosis - Government / Political Situational Factor 

As shown in the figure below, the data of Socio-Economic Situational factor has more 

inclination towards left and its value is negative point eight two six and has negative 

skewness. The kurtosis gives the number as one point eleven eight. Thus the data has 

normal distribution curve and is flat. 

Figure 7.5: Tests of Skewness and Kurtosis - Socio- Economic Situational Factor 

 The organizational internal  factor data has negative skewness and has more inclination 

towards left. Its value is negative and equals to minus point five nine three. The kurtosis 
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number is equal to zero point zero two six. The curve is based on normal distribution of 

data with more evenness/ flatness. 

 

Figure 7.6: Tests of Skewness and Kurtosis - Organizational Internal Factor 

As shown in the figure below, the data of Supply Chain Performance factor has more 

inclination towards left and its value is negative one point four two nine and has negative 

skewness. The kurtosis gives the number as two point five six three. Thus the data has 

normal distribution curve and is flat. 

Figure 7.7: Tests of Skewness and Kurtosis - Supply Chain Performance Factor 
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7.6 Chi -Square Testing of Factors  - Goodness of Fit  

The value of Chi-Square of environmental uncertainties factor is given as two hundred 

and seventy eight point eight seven, degree of freedom (df) is fourteen and value of p is 

zero as shown in the figure below. Similarly, The value of Chi-Square of uncertainties in 

demand and supply factor is given as three hundred and thirty six point one, one four, 

degree of freedom (df) is nineteen and value of p is zero. It is denoted that the 

frequencies which are observed are not in line with the expected frequencies. The values 

shows that there is a higher association amongst environmental uncertainties, 

uncertainties in demand and supply factor and supply chain performance. This is a 

relationship between expected values and observed values. By chance occurrence 

probability in this case is zero.   

Figure 7.8 Relationship using Chi-Square Analysis  - Environmental Uncertainties and 

Demand and Supply Uncertainties VsSupply Chain Performance 

The value of Chi-Square of socio-economic situational factor is given as one hundred 

and sixty three point nine five, degree of freedom (df) is eleven and value of p is zero as 

shown in the figure below. Similarly, The value of Chi-Square of communication and 
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technology factor is given as one hundred and forty eight  point eight two, degree of 

freedom (df) is eighteen and value of p is zero.  It is denoted that the frequencies which 

are observed are not in line with the expected frequencies. The values shows that there 

is a higher association amongst socio-economic situational factor, communication and 

technology factor and supply chain performance. This is a relationship between expected 

values and observed values. By chance occurrence probability in this case is zero.   

Figure 7.9 Relationship using Chi-Square Analysis  - Socio-economic Situational Factor, 

Communication and Technology Factor Vs Supply Chain Performance 

The value of Chi-Square of government / political situational factor is given as one 

hundred and seventy three point one, degree of freedom (df) is nineteen and value of p 

is zero as shown in the figure below. Similarly, The value of Chi-Square of infrastructural 

situational factor is given as two hundred ninety nine  point two eight, degree of freedom 

(df) is eighteen and value of p is zero.  It is denoted that the frequencies which are 

observed are not in line with the expected frequencies. The values shows that there is a 

higher association amongst government / political situational factor, infrastructure 
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situational factor and supply chain performance. This is a relationship between expected 

values and observed values. By chance occurrence probability in this case is zero.   

Figure 7.10 Relationship using Chi-Square Analysis  - Government / Political Situational 

Factor, Infrastructural Situational FactorVsSupply Chain Performance 

The value of Chi-Square of organizational internal factor is given as one hundred and 

sixty one point nine, degree of freedom (df) is thirteen and value of p is zero as shown in 

the figure below. Similarly,  It is denoted that the frequencies which are observed are not 

in line with the expected frequencies. The values shows that there is a higher association 

amongst organizational internal factor and supply chain performance. 

Figure 7.11 Relationship using Chi-Square Analysis  - Organizational Internal VsSupply 

Chain Performance
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7.7 Correlation and Regression Analysis  

Regression shows a relationship between dependent and one or more independent 

variables. A regression model is hypothesized estimates of parameter values which are 

used to develop regression Equation. Various tests are used to determine that model is 

satisfactory. If a model is satisfactory, then an estimated regression equation is used to 

predict values of dependent variables based upon given values of independent variables. 

A simple regression model is used to describe relationship between single dependent 

variable y and single independent variable x ie y = a0 + a1x + k, where a0 anda1 are 

model parameters. Thus correlation and regression analysis are related to each other 

and both deal with variable relationships. The coefficient of correlation is a measure of 

linear association between two variables. Its value varies between +1 to -1.The 

correlation coefficient +1 means two variables are perfectly related linearly in positive 

sense, whereas -1 indicates two variables are perfectly related in negative sense. If the 

value is 0, it means there is no relationship between the two variables. The regression or 

correlation values do not establish cause and effect relationship. Any such conclusion or 

inference is based on the judgment of an analyst. 

7.8 Environment al Uncertainties  

7.8.1Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Suspension of Supplies Due to Day to Day Casualties in Disaster Areas  (EU1) 

Correlation and Regression model of supply chain performance and suspension of 

supplies due to day to day casualties in disaster areas is given below in the diagram. 

Value of the Pearson correlation as calculated is 0.707.  This value is more than 0.3 

which denotes that there is a higher association  amongst two factors. Value of P<0.05 

we fail to reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and 

keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 
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0.500. It means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 50% towards low productivity of 

supply chain performance (DV). R is known as correlation / regression coefficient. It is a 

part of variance from dependent variable which is explained by Independent variable. 

The value of R is 0.707. The P in the figure is known as Occurrence probability by 

chance. P is equal to 0. The correlation and regression equation is linear as enunciated 

in the figure. It is given as Y=2.59+0.31X. Y is supply chain performance, dependent 

variable. X is a factor (suspension of supplies due to day to day casualties in disaster 

areas) which is an independent variable.  

Figure 7.12: Linear Regression Model - Supply Chain Performance and Suspension of 

Supplies due to Day to Day Casualities (Terrorist Acts) 

7.8.2 Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Interrupted Supplies Chain due to Insecure Environment (EU2) 

Correlation and Regression model of supply chain performance and interrupted supplies 

due to insecure environment is given below in the diagram. Value of the Pearson 
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correlation as calculated is 0.688.  This value is more than 0.3 which denotes that there 

is a higher association  amongst two factors. Value of P<0.05 we fail to reject alternate 

hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis 

(Ha).  R sq is the Coefficient of Determination. Its value is 0.473. It means that what 

variability percentage of dependent variable is explained in the independent variable. In 

other words, IV contributes 47% towards low productivity (DV). R is known as correlation 

/ regression coefficient. It is a part of variance from dependent variable which is 

explained by Independent variable. The value of R is 0.688. The P in the figure is known 

as Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=2.430+0.335X. Y is supply 

chain performance, dependent variable. X is a factor (interrupted supplies due to 

insecure environment) which is an independent variable.  

Figure 7.13: Linear Regression Model - Supply Chain Performance and Interrupted 

Supplies due to Insecure Environment  
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7.8.3 Correlation And Regression Model - Supply Chain Performance (SCP) a nd 

Re-Contracts due to Abandoning of Work b y Outsourced Suppliers (EU3) 

Correlation and Regression model of supply chain performance and re-contracts due to 

abandoning of work by outsourced suppliers is given below in the diagram. Value of the 

Pearson correlation as calculated is 0.584.  This value is more than 0.3 which denotes 

that there is a stronger association  amongst two factors. Value of P<0.05 we fail to 

reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping 

Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.341. It 

means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 34.1 % towards low productivity of 

supply chain performance(DV). R is known as correlation / regression coefficient. It is a 

part of variance from dependent variable which is explained by Independent variable. 

The value of R is 0.584. The P in the figure is known as Occurrence probability by 

chance. P is equal to 0. The correlation and regression equation is linear as enunciated 

in the figure. It is given as Y=2.45+0.336X. Y is supply chain performance, dependent 

variable. X is a factor (change of project site) which is an independent variable. 
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Figure 7.14: Linear Regression Model - Supply Chain Performance and re-contracts due 

to abandoning of work by outsourced suppliers 

7.8.4 Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Sabotage Activi ties by Local Population a t Warehouses  (EU4) 

Correlation and Regression model of project performance and sabotage activities by 

local population at warehouses is given below in the diagram. Value of the Pearson 

correlation as calculated is 0.680.  This value is higher than 0.3 which denotes that there 

is a stronger association  amongst two factors. Value of P<0.05 we fail to reject alternate 

hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis 

(Ha).  R sq is the Coefficient of Determination. Its value is 0.463. It means that what 

variability percentage of dependent variable is explained in the independent variable. In 

other words, IV contributes 46% towards low productivity (DV). R is known as correlation 

/ regression coefficient. It is a part of variance from dependent variable which is 
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explained by Independent variable. The value of R is 0.680. The P in the figure is known 

as Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=2.65+0.31X. Y is supply 

chain performance, dependent variable. X is a factor (sabotage activities by local 

population at warehouses) which is an independent variable. 

 

Figure 7.15: Linear Regression Model - Supply Chain Performance and sabotage 

activities by local population at warehouses 

7.8.5 Correlation and Regression Model - Supply Chain Performance (SCP)  and 

Environmental Uncertainties (EU)  

Correlation and Regression model of project performance and environmental 

uncertainties is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.864.  This value is higher than 0.3 which denotes that there is a stronger 
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association  amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis 

(Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is 

the Coefficient of Determination. Its value is 0.747. It means that what variability 

percentage of dependent variable is explained in the independent variable. In other 

words, IV contributes 74% towards low productivity (DV). R is known as correlation / 

regression coefficient. It is a part of variance from dependent variable which is explained 

by Independent variable. The value of R is 0.0.864. The P in the figure is known as 

Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=1.64+0.54X. Y is supply 

chain performance, dependent variable. X is a factor (environmental uncertainties) which 

is an independent variable. 

Figure 7.16: Linear Regression Model - Supply Chain Performance and Environmental 

Uncertainties 
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7.9 Uncertainty in Demand and Supply (Inventory and Warehouse Management)  

7.9.1 Correlation and Regression Model - Supply Chain (SCP) and Insufficient 

Warehouse due to Lack of Historical Data  (UDS1) 

Correlation and Regression model of supply chain performance and insufficient 

warehouse due to lack of historical data is given below in the diagram. Value of the 

Pearson correlation as calculated is 0.506.  This value is higher than 0.3 which denotes 

that there is a stronger association  amongst two factors. Value of P<0.05 we fail to 

reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping 

Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.256. It 

means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 25.6% towards low productivity of 

supply chain performance (DV). R is known as correlation / regression coefficient. It is a 

part of variance from dependent variable which is explained by Independent variable. 

The value of R is 0.506. The P in the figure is known as Occurrence probability by 

chance. P is equal to 0. The correlation and regression equation is linear as enunciated 

in the figure. It is given as Y=2.71+0.30X. Y is supply chain performance of project, 

dependent variable. X is a factor (insufficient warehouse due to lack of historical data) 

which is an independent variable. 
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Figure 7.17: Linear Regression Model - Supply Chain Performance and Insufficient 

Warehouse due to Lack of Historical Data 

7.9.2 Correlation and Regression Model - Supply Chain  Performance and 

Disproportionate Storage of Products due to Errors in Quick Estimates  

Correlation and Regression model of supply  performance and disproportionate storage 

of products due to errors in quick estimatesis given below in the diagram. Value of the 

Pearson correlation as calculated is 0.343.  This value is higher than 0.3 which denotes 

that there is a stronger association  amongst two factors. Value of P<0.05 we fail to 

reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping 

Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.118. It 

means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 11.8 % towards low productivity 

(DV). R is known as correlation / regression coefficient. It is a part of variance from 

dependent variable which is explained by Independent variable. The value of R is 0.343. 
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The P in the figure is known as occurrence probability by chance. P is equal to 0. The 

correlation and regression equation is linear as enunciated in the figure. It is given as 

Y=3.27+0.15X. Y is supply chain performance, dependent variable. X is a factor 

(disproportionate storage of products due to errors in quick estimates) which is an 

independent variable. 

Figure 7.18: Linear Regression Model - Project Performance and Overall Environment 

7.9.3 Correlation and Regression Model - Supply Chain Performance  (SCP) and 

Longer Lead Times of supplies  (UDS3) 

Correlation and Regression model of project performance and longer lead times of 

suppliesis given below in the diagram. Value of the Pearson correlation as calculated is 

0.582.  This value is higher than 0.3 which denotes that there is a stronger association  

amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus 

rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the 

Coefficient of Determination. Its value is 0.513. It means that what variability percentage 

of dependent variable is explained in the independent variable. In other words, IV 

contributes 34% towards low productivity of supply chain performance (DV). R is known 
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as correlation / regression coefficient. It is a part of variance from dependent variable 

which is explained by Independent variable. The value of R is 0.339. The P in the figure 

is known as Occurrence probability by chance. P is equal to 0. The correlation and 

regression equation is linear as enunciated in the figure. It is given as Y=2.85+0.26 X. Y 

is supply chain performance, dependent variable. X is a factor (longer lead times of 

supplies) which is an independent variable. 

Figure 7.19: Linear Regression Model - Supply Chain Performance and Longer Lead 

Times of Supplies 

7.9.4 Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Non-Utilization of Material Stock at Project Site  (UDS4) 

Correlation and Regression model of project performance and non-utilization of material 

stock at project site is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.597.  This value is higher than 0.3 which denotes that there is a stronger 

association  amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis 
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(Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is 

the Coefficient of Determination. Its value is 0.357. It means that what variability 

percentage of dependent variable is explained in the independent variable. In other 

words, IV contributes 35.7 % towards low productivity of supply chain performance (DV). 

R is known as correlation / regression coefficient. It is a part of variance from dependent 

variable which is explained by Independent variable. The value of R is 0.597. The P in 

the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as 

Y=2.790+0.280X. Y is supply chain performance, dependent variable. X is a factor (non-

utilization of material stock at project site) which is an independent variable. 

Figure 7.20: Linear Regression Model - Supply Chain Performance and Non-utilization of 

Material Stock at Project Site 

7.9.5 Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Mismatch between Raw Material, Work in Process and Finished Product  (UDS5) 
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Correlation and Regression model of project performance and mis-match between raw 

material, work in process and finished product is given below in the diagram. Value of the 

Pearson correlation as calculated is 0.712.  This value is higher than 0.3 which denotes 

that there is a stronger association  amongst two factors. Value of P<0.05 we fail to 

reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping 

Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.507. It 

means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 50% towards low productivity of 

supply chain performance (DV). R is known as correlation / regression coefficient. It is a 

part of variance from dependent variable which is explained by Independent variable. 

The value of R is 0.712. The P in the figure is known as Occurrence probability by 

chance. P is equal to 0. The correlation and regression equation is linear as enunciated 

in the figure. It is given as Y=2.47+0.358X. Y is supply chain performance, dependent 

variable. X is a factor (mis-match between raw material, work in process and finished 

product) which is an independent variable. 
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Figure 7.21: Linear Regression Model - Supply Chain Performance and mis-match 

between raw material, work in process 

7.9.6 Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Imbalance between Inventory Maintenance, Economies of Scale and Lead Time  

(UDS6) 

Correlation and Regression model of project performance and imbalance between 

inventory maintenance, economies of scale and lead time is given below in the diagram. 

Value of the Pearson correlation as calculated is 0.565.  This value is higher than 0.3 

which denotes that there is a stronger association  amongst two factors. Value of P<0.05 

we fail to reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and 

keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 

0.319. It means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 31.9% towards low productivity of 

supply chain performance (DV). R is known as correlation / regression coefficient. It is a 
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part of variance from dependent variable which is explained by Independent variable. 

The value of R is 0.565. The P in the figure is known as Occurrence probability by 

chance. P is equal to 0. The correlation and regression equation is l inear as enunciated 

in the figure. It is given as Y=2.79+0.260X. Y is supply chain performance, dependent 

variable. X is a factor (imbalance between inventory maintenance, economies of scale 

and lead time) which is an independent variable. 

Figure 7.22: Linear Regression Model - Supply Chain Performance and Imbalance 

between Inventory Maintenance, Economies of Scale and Lead Time 

7.9.7 Correlation and Regression Model - Supply Chain  Performance and 

Uncertainty in Demand and Supply (Inventory and Warehou se Management) (UDS) 

Correlation and Regression model of project performance and uncertainty in demand 

and supply (inventory and warehouse management) is given below in the diagram. Value 

of the Pearson correlation as calculated is 0.801.  This value is higher than 0.3 which 
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denotes that there is a stronger association  amongst two factors. Value of P<0.05 we 

fail to reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping 

Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.641. It 

means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 64% towards low productivity (DV). 

R is known as correlation / regression coefficient. It is a part of variance from dependent 

variable which is explained by Independent variable. The value of R is 0.801. The P in 

the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as 

Y=1.68+0.561X. Y is supply chain performance, dependent variable. X is a factor 

uncertainty in demand and supply (inventory and warehouse management)which is an 

independent variable. 

Figure 7.23: Linear Regression Model - Supply Chain Performance and Uncertainty in 

Demand and Supply (Inventory and Warehouse Management) 
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7.10 Infrastructural Situational Factor (Transportation Management)  

7.10.1 Correlation and Regression Model - Supply Chain Perfor mance  (SCP) and 

Difficulty in Flow of Material from One Point to Another due to Poor Transport 

Network  (ISF1) 

Correlation and Regression model of supply chain performance and difficulty in flow of 

material from one point to another due to poor transport network is given below in the 

diagram. Value of the Pearson correlation as calculated is 0.174.  This value is less than 

0.3 which denotes that there is a very weak association  amongst two factors. Value of 

P<0.05 we fail to reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) 

and keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its 

value is 0.030. It means that what variability percentage of dependent variable is 

explained in the independent variable. In other words, IV contributes 3% towards low 

productivity (DV). R is known as correlation / regression coefficient. It is a part of 

variance from dependent variable which is explained by Independent variable. The value 

of R is 0.174. The P in the figure is known as Occurrence probability by chance. P is 

equal to 0. The correlation and regression equation is linear as enunciated in the figure. 

It is given as Y=3.59+0.030X. Y is supply chain performance, dependent variable. X is a 

factor (difficulty in flow of material from one point to another due to poor transport 

network) which is an independent variable. 
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Figure 7.24: Linear Regression Model - Supply Chain Performance and difficulty in flow 

of material from one point to another due to poor transport network 

7.10.2 Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Disconnection of Transportation �± Raw Material to Warehouse and Final Product 

to Project Site (ISF2) 

Correlation and Regression model of project performance and disconnection of 

transportation �± raw material to warehouse and final product to project site factor is given 

below in the diagram. Value of the Pearson correlation as calculated is 0.707.  This value 

is higher than 0.3 which denotes that there is a stronger association  amongst two 

factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus rejecting Null 

Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of 

Determination. Its value is 0.500. It means that what variability percentage of dependent 
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variable is explained in the independent variable. In other words, IV contributes 50% 

towards low productivity of supply chain performance (DV). R is known as correlation / 

regression coefficient. It is a part of variance from dependent variable which is explained 

by Independent variable. The value of R is 0.707. The P in the figure is known as 

Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=2.59+0.31X. Y is supply 

chain performance, dependent variable. X is a factor (disconnection of transportation �± 

raw material to warehouse and final product to project site) which is an independent 

variable. 

Figure 7.25: Linear Regression Model - Supply Chain Performance and Disconnection of 

Transportation �± Raw Material to Warehouse and Final Product to Project Site  

7.10.3 Correlatio n and Regression Model - Supply Chain  Performance  (SCP) and 

Miscalculation of Transport for Movement of Materials and Supplies  (ISF3) 
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Correlation and Regression model of project performance and miscalculation of transport 

for movement of materials and suppliesis given below in the diagram. Value of the 

Pearson correlation as calculated is 0.688.  This value is higher than 0.3 which denotes 

that there is a stronger association  amongst two factors. Value of P<0.05 we fail to 

reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping 

Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.473. It 

means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 47% towards low productivity of 

supply chain performance (DV). R is known as correlation / regression coefficient. It is a 

part of variance from dependent variable which is explained by Independent variable. 

The value of R is 0.688. The P in the figure is known as Occurrence probability by 

chance. P is equal to 0. The correlation and regression equation is linear as enunciated 

in the figure. It is given as Y=2.43+0.34X. Y is supply chain performance, dependent 

variable. X is a factor (miscalculation of transport for movement of materials and 

supplies) which is an independent variable. 
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Figure 7.26: Linear Regression Model - Supply Chain Performance and miscalculation of 

transport for movement of materials and supplies 

7.10.4 Correlation and Regression Model - Supply Chain  Performance  (SCP) 

and Inefficient  and Stereotype Transport System (ISF4) 

Correlation and Regression model of project performance and inefficient and stereotype 

transport system is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.584.  This value is higher than 0.3 which denotes that there is a stronger 

association  amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis 

(Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq 

is the Coefficient of Determination. Its value is 0.341. It means that what variability 

percentage of dependent variable is explained in the independent variable. In other 

words, IV contributes 34% towards low productivity of supply chain performance (DV). R 

is known as correlation / regression coefficient. It is a part of variance from dependent 

variable which is explained by Independent variable. The value of R is 0.584. The P in 
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the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as 

Y=2.45+0.336X. Y is supply chain performance, dependent variable. X is a factor 

(inefficient and stereotype transport system) which is an independent variable. 

Figure 7.27: Linear Regression Model - Supply Chain Performance and inefficient and 

stereotype transport system 

7.10.5 Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Limited Choice of Outsourced Transport Companies (ISF5) 

Correlation and Regression model of supply chain performance and limited choice of 

outsourced transport companies is given below in the diagram. Value of the Pearson 

correlation as calculated is 0.680.  This value is higher than 0.3 which denotes that there 

is a stronger association  amongst two factors. Value of P<0.05 we fail to reject alternate 

hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis 



 

208 
 

(Ha).  R sq is the Coefficient of Determination. Its value is 0.463. It means that what 

variability percentage of dependent variable is explained in the independent variable. In 

other words, IV contributes 46% towards low productivity of supply chain performance 

(DV). R is known as correlation / regression coefficient. It is a part of variance from 

dependent variable which is explained by Independent variable. The value of R is 0.680. 

The P in the figure is known as Occurrence probability by chance. P is equal to 0. The 

correlation and regression equation is linear as enunciated in the figure. It is given as 

Y=2.65+0.31X. Y is supply chain performance, dependent variable. X is a factor (limited 

choice of outsourced transport companies) which is an independent variable. 

Figure 7.28: Linear Regression Model - Supply Chain Performance and Limited Choice 

of Outsourced Transport Companies 

7.10.6  Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Exaggerated Higher Rates o f Transportation from Distribution Points to Project 

Sites  (ISF6) 
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Correlation and Regression model of supply chain performance and exaggerated higher 

rates of transportation from distribution points to project sitesis given below in the 

diagram. Value of the Pearson correlation as calculated is 0.506.  This value is higher 

than 0.3 which denotes that there is a stronger association  amongst two factors. Value 

of P<0.05 we fail to reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) 

and keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its 

value is 0.256. It means that what variability percentage of dependent variable is 

explained in the independent variable. In other words, IV contributes 25% towards low 

productivity of supply chain performance (DV). R is known as correlation / regression 

coefficient. It is a part of variance from dependent variable which is explained by 

Independent variable. The value of R is 0.506. The P in the figure is known as 

Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=2.71+0.280X. Y is supply 

chain performance, dependent variable. X is a factor (exaggerated higher rates of 

transportation from distribution points to project sites) which is an independent variable. 
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Figure 7.29: Linear Regression Model - Supply Chain Performance and Exaggerated 

Higher Rates of Transportation from Distribution Points to Project Sites 

7.10.7 Correlation and Regression Model - Supply Chain  Performance  (SCP) and 

Infrastructural Situational Factor (Transportation Management) (ISF)  

Correlation and Regression model of project performance and infrastructural situational 

factor  is given below in the diagram. Value of the Pearson correlation as calculated is 

0.895.  This value is more than 0.3 which denotes that there is a stronger association  

amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus 

rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the 

Coefficient of Determination. Its value is 0.800. It means that what variability percentage 

of dependent variable is explained in the independent variable. In other words, IV 

contributes 80% towards low productivity of supply chain performance (DV). R is known 

as correlation / regression coefficient. It is a part of variance from dependent variable 
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which is explained by Independent variable. The value of R is 0.895. The P in the figure 

is known as Occurrence probability by chance. P is equal to 0. The correlation and 

regression equation is linear as enunciated in the figure. It is given as Y=1.05+0.71X. Y 

is supply chain performance, dependent variable. X is a factor (infrastructural situational 

factor) which is an independent variable. 

Figure 7.30: Linear Regression Model - Supply Chain Performance and Infrastructural 

Situational Factor  
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7.11 Socio -Economic Situational Factor  

7.11.1  Correlation and Regression Model - Supply Chain Performance  (SCP) and 

Fluctuating Market Economy  (SES1) 

Correlation and Regression model of supply chain performance and fluctuating marketing 

economy is given below in the diagram. Value of the Pearson correlation as calculated is 0.613.  

This value is more than 0.3 which denotes that there is a stronger association  amongst two 

factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus rejecting Null 

Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. 

Its value is 0.376. It means that what variability percentage of dependent variable is explained in 

the independent variable. In other words, IV contributes 37% towards low productivity of supply 

chain performance (DV). R is known as correlation / regression coefficient. It is a part of variance 

from dependent variable which is explained by Independent variable. The value of R is 0.613. 

The P in the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as Y=2.62+0.32X. Y is 

supply chain performance, dependent variable. X is a factor (fluctuating marketing economy) 

which is an independent variable. 
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Figure 7.31: Linear Regression Model - Supply Chain Performance and Fluctuating 

Marketing Economy 

7.11.2  Correlatio n and Regression Model - Supply Chain  Performance  (SCP) and 

Non-presence of Local Suppliers (SES2) 

Correlation and Regression model of project performance and non-presence of local 

suppliers is given below in the diagram. Value of the Pearson correlation as calculated is 

0.481.  This value is more than 0.3 which denotes that there is a stronger association  

amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus 

rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the 

Coefficient of Determination. Its value is 0.231. It means that what variability percentage 

of dependent variable is explained in the independent variable. In other words, IV 

contributes 21% towards low productivity of supply chain performance (DV). R is known 

as correlation / regression coefficient. It is a part of variance from dependent variable 

which is explained by Independent variable. The value of R is 0.481. The P in the figure 
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is known as Occurrence probability by chance. P is equal to 0. The correlation and 

regression equation is linear as enunciated in the figure. It is given as Y=2.91+0.23X. Y 

is supply chain performance, dependent variable. X is a factor (non-presence of local 

suppliers) which is an independent variable. 

Figure 7.32: Linear Regression Model - Supply Chain Performance and non-presence of 

local suppliers 

7.11.3  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Lack of Local Community Support (SES3) 

Correlation and Regression model of project performance and lack of local community 

support is given below in the diagram. Value of the Pearson correlation as calculated is 

0.346.  This value is more than 0.3 which denotes that there is a stronger association  

amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus 

rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the 
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Coefficient of Determination. Its value is 0.119. It means that what variability percentage 

of dependent variable is explained in the independent variable. In other words, IV 

contributes 12% towards low productivity of supply chain performance (DV). R is known 

as correlation / regression coefficient. It is a part of variance from dependent variable 

which is explained by Independent variable. The value of R is 0.346. The P in the figure 

is known as Occurrence probability by chance. P is equal to 0. The correlation and 

regression equation is linear as enunciated in the figure. It is given as Y=3.04+0.2X. Y is 

supply chain performance, dependent variable. X is a factor (lack of local community 

support) which is an independent variable. 

 

Figure 7.33: Linear Regression Model - Supply Chain Performance and Lack of Local 

Community Support 
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7.11.4  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Conflict between Local and Outsider Suppliers due to Undue Local 

Demands (SES4) 

Correlation and Regression model of project performance and conflict between local and 

outsider suppliers due to undue local demandsis given below in the diagram. Value of 

the Pearson correlation as calculated is 0.334.  This value is more than 0.3 which 

denotes that there is a stronger association  amongst two factors. Value of P<0.05 we 

fail to reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping 

Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.112. It 

means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 11.2% towards low productivity of 

supply chain performance (DV). R is known as correlation / regression coefficient. It is a 

part of variance from dependent variable which is explained by Independent variable. 

The value of R is 0.334. The P in the figure is known as Occurrence probability by 

chance. P is equal to 0. The correlation and regression equation is linear as enunciated 

in the figure. It is given as Y=3.326+0.145X. Y is supply chain performance, dependent 

variable. X is a factor (conflict between local and outsider suppliers) which is an 

independent variable. 
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Figure 7.34: Linear Regression Model - Supply Chain Performance and Conflict between 

Local and Outsider Suppliers 

7.11.5  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Socio -Economic Situational Factor  (SES) 

Correlation and Regression model of project performance and conflict between socio-

economic situational factor is given below in the diagram. Value of the Pearson 

correlation as calculated is 0.700.  This value is more than 0.3 which denotes that there 

is a stronger association  amongst two factors. Value of P<0.05 we fail to reject alternate 

hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis 

(Ha).  R sq is the Coefficient of Determination. Its value is 0.489. It means that what 

variability percentage of dependent variable is explained in the independent variable. In 

other words, IV contributes 49% towards low productivity of supply chain performance 

(DV). R is known as correlation / regression coefficient. It is a part of variance from 
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dependent variable which is explained by Independent variable. The value of R is 0.700. 

The P in the figure is known as Occurrence probability by chance. P is equal to 0. The 

correlation and regression equation is linear as enunciated in the figure. It is given as 

Y=1.685+0.55X. Y is supply chain performance, dependent variable. X is a factor (socio-

economic situational factor) which is an independent variable. 

Figure 7.35: Linear Regression Model - Supply Chain Performance and Socio-economic 

Situational Factor 

7.12 Government / Political Situational Factor  

7.12.1  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Fragile Regime (GPS 1) 

Correlation and Regression model of project performance and fragile regime factor is 

given below in the diagram. Value of the Pearson correlation as calculated is 0.312.  This 

value is more than 0.3 which denotes that there is a stronger association  amongst two 
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factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus rejecting Null 

Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of 

Determination. Its value is 0.097. It means that what variability percentage of dependent 

variable is explained in the independent variable. In other words, IV contributes 9.7% 

towards low productivity of supply chain performance (DV). R is known as correlation / 

regression coefficient. It is a part of variance from dependent variable which is explained 

by Independent variable. The value of R is 0.312. The P in the figure is known as 

Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=3.2+0.177X. Y is supply 

chain performance, dependent variable. X is a factor (fragile regime) which is an 

independent variable. 

Figure 7.36: Linear Regression Model - Supply Chain Performance and Fragile Regime 
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7.12.2  Correlation and Regression Model - Supply Chain Performance (SCP) and 

National Regulations towards Suppliers and Project Stakeholders (GPS 2) 

Correlation and Regression model of project performance and national regulations 

towards suppliers and project stakeholders factor is given below in the diagram. Value of 

the Pearson correlation as calculated is 0.331.  This value is more than 0.3 which 

denotes that there is a stronger association  amongst two factors. Value of P<0.05 we 

fail to reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping 

Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.109. It 

means that what variability percentage of dependent variable is explained in the 

independent variable. In other words, IV contributes 11% towards low productivity of 

supply chain performance (DV). R is known as correlation / regression coefficient. It is a 

part of variance from dependent variable which is explained by Independent variable. 

The value of R is 0.331. The P in the figure is known as Occurrence probability by 

chance. P is equal to 0. The correlation and regression equation is linear as enunciated 

in the figure. It is given as Y=3.37+0.135X. Y is supply chain performance, dependent 

variable. X is a factor (national regulations towards suppliers and project stakeholders) 

which is an independent variable. 
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Figure 7.37: Linear Regression Model - Supply Chain Performance and National 

Regulations towards Suppliers and Project Stakeholders 

7.12.3  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Lack of Government Administration Involvement  (GPS 3) 

Correlation and Regression model of project performance and lack of government 

administration involvement factor is given below in the diagram. Value of the Pearson 

correlation as calculated is 0.389.  This value is more than 0.3 which denotes that there 

is a stronger association  amongst two factors. Value of P<0.05 we fail to reject alternate 

hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis 

(Ha).  R sq is the Coefficient of Determination. Its value is 0.151. It means that what 

variability percentage of dependent variable is explained in the independent variable. In 

other words, IV contributes 15.1% towards low productivity of supply chain performance 

(DV). R is known as correlation / regression coefficient. It is a part of variance from 

dependent variable which is explained by Independent variable. The value of R is 0.389. 
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The P in the figure is known as Occurrence probability by chance. P is equal to 0. The 

correlation and regression equation is linear as enunciated in the figure. It is given as 

Y=3.29+0.158X. Y is supply chain performance, dependent variable. X is a factor (lack of 

government administration involvement) which is an independent variable. 

Figure 7.38: Linear Regression Model - Supply Chain Performance and Lack of 

Government Administration Involvement 

7.12.4  Correlation and Regression Model - Supply Chain Performance (SCP) and 

High Level of Corruption (GPS 4) 

Correlation and Regression model of project performance and high level of corruption 

factor is given below in the diagram. Value of the Pearson correlation as calculated is 

0.306.  This value is more than 0.3 which denotes that there is a stronger association  

amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus 

rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the 
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Coefficient of Determination. Its value is 0.094. It means that what variability percentage 

of dependent variable is explained in the independent variable. In other words, IV 

contributes 9.4 % towards low productivity of supply chain performance (DV). R is known 

as correlation / regression coefficient. It is a part of variance from dependent variable 

which is explained by Independent variable. The value of R is 0.306. The P in the figure 

is known as Occurrence probability by chance. P is equal to 0. The correlation and 

regression equation is linear as enunciated in the figure. It is given as Y=3.29+0.158X. Y 

is supply chain performance, dependent variable. X is a factor (high level of corruption) 

which is an independent variable. 

Figure 7.39: Linear Regression Model - Supply Chain Performance and High Level of 

Corruption 
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7.12.5  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Lack of Political Will to Function Supply Chain Management  (GPS 5) 

Correlation and Regression model of project performance and lack of political will to 

function supply chain management factor is given below in the diagram. Value of the 

Pearson correlation as calculated is 0.272.  This value is less than 0.3 which denotes 

that there is a weak association  amongst two factors. Value of P<0.05 we fail to reject 

alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate 

Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.074. It means 

that what variability percentage of dependent variable is explained in the independent 

variable. In other words, IV contributes 7.4 % towards low productivity of supply chain 

performance (DV). R is known as correlation / regression coefficient. It is a part of 

variance from dependent variable which is explained by Independent variable. The value 

of R is 0.272. The P in the figure is known as Occurrence probability by chance. P is 

equal to 0. The correlation and regression equation is linear as enunciated in the figure. 

It is given as Y=3.36+0.13X. Y is supply chain performance, dependent variable. X is a 

factor (political will to function supply chain management) which is an independent 

variable. 
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Figure 7.40: Linear Regression Model - Supply Chain Performance and Political Will to 

Function Supply Chain Management 

7.12.6  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Non Existence of Government Policy to Facilitate Suppliers(GPS 6)  

Correlation and Regression model of project performance and non existence of 

government policy to facilitate suppliers factor is given below in the diagram. Value of the 

Pearson correlation as calculated is 0.312.  This value is more than 0.3 which denotes 

that there is a strong association  amongst two factors. Value of P<0.05 we fail to reject 

alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate 

Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.098. It means 

that what variability percentage of dependent variable is explained in the independent 

variable. In other words, IV contributes 9.8 % towards low productivity of supply chain 

performance (DV). R is known as correlation / regression coefficient. It is a part of 
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variance from dependent variable which is explained by Independent variable. The value 

of R is 0.312. The P in the figure is known as Occurrence probability by chance. P is 

equal to 0. The correlation and regression equation is linear as enunciated in the figure. 

It is given as Y=3.36+0.13X. Y is supply chain performance, dependent variable. X is a 

factor (Non existence of government policy to facilitate suppliers) which is an 

independent variable. 

Figure 7.41: Linear Regression Model - Supply Chain Performance and Non Existence of 

Government Policy to Facilitate Suppliers 

7.12.7  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Government / Political Situational Factor (GPS) 

Correlation and Regression model of project performance and Government / Political 

Situational factor is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.496.  This value is more than 0.3 which denotes that there is a 
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strongassociation  amongst two factors. Value of P<0.05 we fail to reject alternate 

hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis 

(Ha).  R sq is the Coefficient of Determination. Its value is 0.246. It means that what 

variability percentage of dependent variable is explained in the independent variable. In 

other words, IV contributes 24.6 % towards low productivity of supply chain performance 

(DV). R is known as correlation / regression coefficient. It is a part of variance from 

dependent variable which is explained by Independent variable. The value of R is 0.496. 

The P in the figure is known as Occurrence probability by chance. P is equal to 0. The 

correlation and regression equation is linear as enunciated in the figure. It is given as 

Y=2.6+0.341X. Y is supply chain performance, dependent variable. X is a factor 

(Government / Political Situational)  which is an independent variable. 

Figure 7.42: Linear Regression Model - Supply Chain Performance and Government / 

Political Situational Factor 
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7.13 Communication and Technology Factor  

7.13.1  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Lack of Information regarding Change in Demand, Forecasting, Inventory and 

Transportation  (CTF1) 

Correlation and Regression model of project performance and lack of information 

regarding change in demand, forecasting, inventory and transportation factor is given 

below in the diagram. Value of the Pearson correlation as calculated is 0.373.  This value 

is more than 0.3 which denotes that there is a strong association  amongst two factors. 

Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus rejecting Null 

Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of 

Determination. Its value is 0.139. It means that what variability percentage of dependent 

variable is explained in the independent variable. In other words, IV contributes 13.9 % 

towards low productivity of supply chain performance (DV). R is known as correlation / 

regression coefficient. It is a part of variance from dependent variable which is explained 

by Independent variable. The value of R is 0.373. The P in the figure is known as 

Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=3.2+0.154X. Y is supply 

chain performance, dependent variable. X is a factor (Lack of information regarding 

change in demand, forecasting, inventory and transportation)  which is an independent 

variable. 
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Figure 7.43: Linear Regression Model - Supply Chain Performance and Lack of 

Information regarding Change in Demand, Forecasting, Inventory and Transportation 

Factor 

7.13.2  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Lack of Information within Project Teams (CTF2) 

Correlation and Regression model of project performance and lack of information within 

project teams factor is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.462.  This value is more than 0.3 which denotes that there is a strong 

association  amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis 

(Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq 

is the Coefficient of Determination. Its value is 0.214. It means that what variability 

percentage of dependent variable is explained in the independent variable. In other 

words, IV contributes 21.4 % towards low productivity of supply chain performance (DV). 

R is known as correlation / regression coefficient. It is a part of variance from dependent 
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variable which is explained by Independent variable. The value of R is 0.462. The P in 

the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as 

Y=3.17+0.188X. Y is supply chain performance, dependent variable. X is a factor (Lack 

of information within Project Teams)  which is an independent variable. 

Figure 7.44: Linear Regression Model - Supply Chain Performance and Lack of 

Information within Project Teams Factor 

7.13.3  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Daily Demand of Project Teams not Met (CTF3) 

Correlation and Regression model of project performance and daily demands of project 

teams not met factor is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.433.  This value is more than 0.3 which denotes that there is a strong 

association  amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis 

(Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq 
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is the Coefficient of Determination. Its value is 0.188. It means that what variability 

percentage of dependent variable is explained in the independent variable. In other 

words, IV contributes 18.8 % towards low productivity of supply chain performance (DV). 

R is known as correlation / regression coefficient. It is a part of variance from dependent 

variable which is explained by Independent variable. The value of R is 0.433. The P in 

the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as 

Y=3.2+0.170X. Y is supply chain performance, dependent variable. X is a factor (daily 

demands of project teams not met)  which is an independent variable. 

 

Figure 7.45: Linear Regression Model - Supply Chain Performance and Daily Demands 

of Project Teams not Met Factor 
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7.13.4  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Lack Of Communication Tools (CTF4) 

Correlation and Regression model of project performance and lack of communication 

toolsis given below in the diagram. Value of the Pearson correlation as calculated is 

0.609.  This value is more than 0.3 which denotes that there is a strong association  

amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus 

rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the 

Coefficient of Determination. Its value is 0.37. It means that what variability percentage of 

dependent variable is explained in the independent variable. In other words, IV 

contributes 37% towards low productivity of supply chain performance (DV). R is known 

as correlation / regression coefficient. It is a part of variance from dependent variable 

which is explained by Independent variable. The value of R is 0.609. The P in the figure 

is known as Occurrence probability by chance. P is equal to 0. The correlation and 

regression equation is linear as enunciated in the figure. It is given as Y=2.6+0.3170X. Y 

is supply chain performance, dependent variable. X is a factor (lack of communication 

tools)  which is an independent variable. 
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Figure 7.46: Linear Regression Model - Supply Chain Performance and Lack of 

Communication Tools Factor 

7.13.5  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Lack Of Planning  Tools (CTF5) 

Correlation and Regression model of project performance and lack of planning tools is 

given below in the diagram. Value of the Pearson correlation as calculated is 0.513.  This 

value is more than 0.3 which denotes that there is a strong association  amongst two 

factors. Value of P<0.05 we fail to reject alternate hypothesis (Ha). Thus rejecting Null 

Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of 

Determination. Its value is 0.263. It means that what variability percentage of dependent 

variable is explained in the independent variable. In other words, IV contributes 26.3 % 

towards low productivity of supply chain performance (DV). R is known as correlation / 

regression coefficient. It is a part of variance from dependent variable which is explained 
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by Independent variable. The value of R is 0.513. The P in the figure is known as 

Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=2.77+0.279X. Y is supply 

chain performance, dependent variable. X is a factor (lack of planning tools)  which is an 

independent variable. 

Figure 7.47: Linear Regression Model - Supply Chain Performance and Lack of Planning 

Tools Factor 

7.13.6  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Non-existence of Forecast Logistics Management Planning due to Lack of 

Communication (CTF6)  

Correlation and Regression model of project performance and non-existence of forecast 

logistics management planning due to lack of communication is given below in the 

diagram. Value of the Pearson correlation as calculated is 0.515.  This value is more 

than 0.3 which denotes that there is a strong association  amongst two factors. Value of 
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P<0.05 we fail to reject alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) 

and keeping Alternate Hypothesis (Ha).  R sq is the Coefficient of Determination. Its 

value is 0.266. It means that what variability percentage of dependent variable is 

explained in the independent variable. In other words, IV contributes 26.6 % towards low 

productivity of supply chain performance (DV). R is known as correlation / regression 

coefficient. It is a part of variance from dependent variable which is explained by 

Independent variable. The value of R is 0.515. The P in the figure is known as 

Occurrence probability by chance. P is equal to 0. The correlation and regression 

equation is linear as enunciated in the figure. It is given as Y=2.86+0.268X. Y is supply 

chain performance, dependent variable. X is a factor (non-existence of forecast logistics 

management planning due to lack of communication)  which is an independent variable. 

Figure 7.48: Linear Regression Model - Supply Chain Performance and Non-existence of 

Forecast Logistics Management Planning due to Lack of Communication Factor 
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7.13.7  Correlation and Regression Model - Supply Chain Performance (SCP) and 

Communication and Technology  Factor  (CTF6) 

Correlation and Regression model of project performance and communication and 

technology factor is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.715.  This value is more than 0.3 which denotes that there is a 

strongassociation  amongst two factors. Value of P<0.05 we fail to reject alternate 

hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis 

(Ha).  R sq is the Coefficient of Determination. Its value is 0.513. It means that what 

variability percentage of dependent variable is explained in the independent variable. In 

other words, IV contributes 51.3% towards low productivity of supply chain performance 

(DV). R is known as correlation / regression coefficient. It is a part of variance from 

dependent variable which is explained by Independent variable. The value of R is 0.715. 

The P in the figure is known as Occurrence probability by chance. P is equal to 0. The 

correlation and regression equation is linear as enunciated in the figure. It is given as 

Y=2.04+0.491X. Y is supply chain performance, dependent variable. X is a factor 

(communication and technology)  which is an independent variable. 
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Figure 7.49: Linear Regression Model - Supply Chain Performance and Communication 

and Technology Factor 
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7.14 Organizational Internal Factor  

7.14.1 Correlation and Regression Model - Supply Chain Performance (SCP) and 

Non-Collaboration amongst Project Teams and Suppliers (OIF1) 

Correlation and Regression model of project performance and non-collaboration 

amongst project teams and suppliers factor is given below in the diagram. Value of the 

Pearson correlation as calculated is 0.343.  This value is more than 0.3 which denotes 

that there is a strong association  amongst two factors. Value of P<0.05 we fail to reject 

alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate 

Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.118. It means 

that what variability percentage of dependent variable is explained in the independent 

variable. In other words, IV contributes 11.8 % towards low productivity of supply chain 

performance (DV). R is known as correlation / regression coefficient. It is a part of 

variance from dependent variable which is explained by Independent variable. The value 

of R is 0.343. The P in the figure is known as Occurrence probability by chance. P is 

equal to 0. The correlation and regression equation is linear as enunciated in the figure. 

It is given as Y=3.27+0.155X. Y is supply chain performance, dependent variable. X is a 

factor (non-collaboration amongst project teams and suppliers)  which is an independent 

variable. 
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Figure 7.50: Linear Regression Model - Supply Chain Performance and Non-

Collaboration amongst Project Teams and Suppliers 

7.14.2 Correlation and Regression Model - Supply Chain Performance (SCP) and 

Unrealistic Planning due to Incomplete and Inaccurate Data( OIF2) 

Correlation and Regression model of project performance and unrealistic planning due to 

incomplete and inaccurate data factor is given below in the diagram. Value of the 

Pearson correlation as calculated is 0.302.  This value is more than 0.3 which denotes 

that there is a strong association  amongst two factors. Value of P<0.05 we fail to reject 

alternate hypothesis (Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate 

Hypothesis (Ha).  R sq is the Coefficient of Determination. Its value is 0.091. It means 

that what variability percentage of dependent variable is explained in the independent 

variable. In other words, IV contributes 9 % towards low productivity of supply chain 

performance (DV). R is known as correlation / regression coefficient. It is a part of 

variance from dependent variable which is explained by Independent variable. The value 
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of R is 0.302. The P in the figure is known as Occurrence probability by chance. P is 

equal to 0. The correlation and regression equation is linear as enunciated in the figure. 

It is given as Y=3.3+0.127X. Y is supply chain performance, dependent variable. X is a 

factor (unrealistic planning due to incomplete and inaccurate data)  which is an 

independent variable. 

 

Figure 7.51: Linear Regression Model - Supply Chain Performance and Unrealistic 

Planning due to Incomplete and Inaccurate Data 

7.14.3 Correlation and Regression Model - Supply Chain Performance (SCP) and 

Lack Of Proficient Supply Chain Managers (OIF3) 

Correlation and Regression model of project performance and lack of proficient supply 

chain managers factor is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.325.  This value is more than 0.3 which denotes that there is a strong 

association  amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis 
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(Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq 

is the Coefficient of Determination. Its value is 0.102. It means that what variability 

percentage of dependent variable is explained in the independent variable. In other 

words, IV contributes 10% towards low productivity of supply chain performance (DV). R 

is known as correlation / regression coefficient. It is a part of variance from dependent 

variable which is explained by Independent variable. The value of R is 0.325. The P in 

the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as 

Y=3.3+0.146X. Y is supply chain performance, dependent variable. X is a factor (Lack of 

proficient supply chain managers)  which is an independent variable. 

Figure 7.52: Linear Regression Model - Supply Chain Performance and Lack of 

Proficient Supply Chain Managers 

7.14.4 Correlation and Regression Model - Supply Chain Performance (SCP) and 

Untimely mobilization of resources (OIF4) 
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Correlation and Regression model of project performance and Untimely mobilization of 

resources  factor is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.238.  This value is less than 0.3 which denotes that there is a weak 

association  amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis 

(Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq 

is the Coefficient of Determination. Its value is 0.053. It means that what variability 

percentage of dependent variable is explained in the independent variable. In other 

words, IV contributes 5 % towards low productivity of supply chain performance (DV). R 

is known as correlation / regression coefficient. It is a part of variance from dependent 

variable which is explained by Independent variable. The value of R is 0.238. The P in 

the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as 

Y=3.49+0.102X. Y is supply chain performance, dependent variable. X is a factor 

(untimely mobilization of resources)  which is an independent variable. 
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Figure 7.53: Linear Regression Model - Supply Chain Performance and Untimely 

Mobilization of Resources  

7.14.5 Correlation and Regression Model - Supply Chain Performance (SCP) and 

Organizational Internal Factor (OIF) 

Correlation and Regression model of project performance and Untimely mobilization of 

resources  factor is given below in the diagram. Value of the Pearson correlation as 

calculated is 0.466.  This value is less than 0.3 which denotes that there is a weak 

association  amongst two factors. Value of P<0.05 we fail to reject alternate hypothesis 

(Ha). Thus rejecting Null Hypothesis (H0) and keeping Alternate Hypothesis (Ha).  R sq 

is the Coefficient of Determination. Its value is 0.217. It means that what variability 

percentage of dependent variable is explained in the independent variable. In other 

words, IV contributes 21.7% towards low productivity of supply chain performance (DV). 

R is known as correlation / regression coefficient. It is a part of variance from dependent 

variable which is explained by Independent variable. The value of R is 0.466. The P in 

the figure is known as Occurrence probability by chance. P is equal to 0. The correlation 

and regression equation is linear as enunciated in the figure. It is given as 

Y=2.69+0.315X. Y is supply chain performance, dependent variable. X is a factor 

(organizational Internal Factor)  which is an independent variable. 
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Figure 7.54: Linear Regression Model - Supply Chain Performance and Organizational 

Internal Factor 

7.15 Summing Up - Linear Correlation and Regression Model  

Summary of correlation and regression amongst various variables is given below in the 

tables. Seven tables are pasted as pictures and each table contains main factor along 

with its sub-factors. In first half, all variables are listed including principle factors and sub-

factors. Second half is a correlation model. It consists of correlation coefficient / Pearson 

Correlation, relationship between dependent and independent variable and then testing 

of hypothesis. Third half is related to regression model. It gives values of R, R Sq, P and 

in the end linear equation showing various relationships between DVs and IVs. 

Relationship equation of both DV and IV is given in last column. 
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Table 7.5: Environmental Uncertainties - Linear Correlation and Regression Model

Table 7.6: Uncertainties in Demand and Supply - Linear Correlation and Regression 

Model 
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Table 7.7: Infrastructural Situational Factor - Linear Correlation and Regression Model

Table 7.8: Socio-economic Situational Factor - Linear Correlation and Regression 

Model

Table 7.9: Government / Political Situational Factor - Linear Correlation and 

Regression Model 
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Table 7.10: Communication and Technology Factor - Linear Correlation and 

Regression Model
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Table 7.11: Organizational Internal Factor - Linear Correlation and Regression Model

 

The R sq values of variables denotes the significance that contributes to the poor supply 

chain performance of the road projects. The numbering is given to the variables in the 

order of their significance. The most significant factor will be given number 1 and the 

least significant factor will be given number thirty six. As an example, in main factors, 

infrastructure situational factor has the highest R sq value therefore it is the most 

important variable which contributes to the low supply chain performance of the road 

project. This factor is at number 1. Similarly, suspension of supplies due to day to day 

casualties is at number 1 in secondary variables. The numbers of each variable will help 

the managers and practitioners to minimize the effect of significant factors which 

contributes towards the low performance of supply chain management. The list of 

variables along with the degree of significance are given below in the table. The numbers 

in the brackets show the degree of importance of each factor. 
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Table: 7.12 Factors and Their Degree of Significance 

Independent Variables Affecting Supply Chain Performance of Road Projects  
Environmental Uncertainties  (2) 

1. Suspension of supplies due to 
day to day casualties in disaster 
areas (1) 

2. Interrupted supplies chain 
due to insecure environment(4) 

3. Re-contracts due to 
abandoning of work by 
outsourced suppliers (11) 

4. Sabotage activities by local 
population at warehouses (6) 

  

Uncertainty in Demand and Supply (Inventory and Warehouse Management)  (3) 
5. Insufficient Warehouse due to 
lack of historical data (17) 

6. Disproportionate storage of 
products due to errors in quick 
estimates (25) 

7. Longer Lead Times of supplies 
(13) 

8. Non Utilization of material stock 
at project site (10) 

9. Mismatch between raw 
material, work in process and 
finished product (2) 

10. Imbalance between inventory 
maintenance, economies of scale 
and lead time (14) 

Infrastructural Situational Factor (Transportation Management)  (1) 
11. Difficulty in flow of material 
from one point to another due to 
poor transport network (36) 

12. Disconnection of 
transportation �± raw material to 
warehouse and final product to 
project site (3) 

13. Miscalculation of transport for 
movement of materials and 
supplies (5) 

14. Inefficient and stereotype 
transport system (12) 

15. Limited choice of 
outsourced transport 
companies (7) 

16. Exaggerated higher rates of 
transportation from distribution 
points to project sites (18) 

Socio -Economic Situational Factor  (5) 
17. Fluctuating market economy 
(8) 

18. Non-presence of local 
suppliers (19) 

19. Conflict between local and 
outsider suppliers due to undue 
local demands (24) 

20. Lack of local community 
support (28) 

  

Government / Political Situational Factor  (6) 

21. Fragile regime (31) 22. National Regulations 
towards suppliers and project 
stakeholders (29) 

13. Lack of Government 
administration involvement  (22) 

24. High Level of corruption (33) 25. Lack of political will to 
function supply chain 
management (35) 

26. Non existence of government 
policy to facilitate suppliers (32) 

Communication and Technology Factor  (4) 
27. Lack of information regarding 
change in demand, forecasting, 
inventory and transportation(23) 

28. Lack of information within 
project teams (20) 

29. Daily demand of project 
teams not met (21) 

30. Lack of communication tools 
(9) 

31. Lack of planning tools (16) 32. Non-existence of Forecast 
logistics management planning 
due to lack of communication (15) 

Organizational Internal Factor  (7)  
33. Non-Collaboration amongst 
project teams and suppliers (26) 

34. Unrealistic planning due to 
incomplete and inaccurate data  
(34) 

35. Lack of proficient supply chain 
managers (27) 

36. Untimely mobilization of 
resources (30) 

  

7.16 Chapter  Summary  and Lessons Learnt  

This chapter starts from data collection which was received from two hundred and fifty 

six respondents through questionnaire survey. Different tests were conducted to check 
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the consistency, assessing relationship between various variables and the pattern of 

data. The tests includes reliability statistics, multicollinearity, skewness and kurtosis, and 

goodness for fit test (chi square). Few outcomes of the data are: data is consistent; there 

is no multicllinearity; there is strong relationship amongst DVs and IVs.  Correlation / 

regression between dependent and independent variables is conducted. Linear 

regression model equation is developed using SPSS Package. Hypothesis acceptance 

or rejection is carried out by conducting various tests. The variability of each variable is 

also found out. Significance of  factors was calculated in each linear regression and 

correlation equation. Major lessons are learnt from this chapter. The most significant 

factor has to been handled first and well to minimize its effect on project performance. 

Most and least significant factors amongst primary and secondary are given in ensuing 

paragraphs:-  

a. Infrastructural Situational Factor  has the highest R sq value therefore is the most 

significant factor amongst all major factors. 

b. Organizational Internal Factor has the least R sq value therefore it is considered 

as the least significant factor among all major factors. 

c. In secondary factors, suspension of supplies due to day to day casualties in 

disaster areashas the highest R sq value, thus it is considered as the most 

significant factor. 

d. Likewise, difficulty in flow of material from one point to another due to poor 

transport networkhas the least R sq value, thus it is considered as the least 

significant factor in secondary factors. 
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CHAPTER 8 

Qualitative Data Analysis -  Rule Based Decision Support System 

usi ng Confidence Factor (Fuzzy Logic) and Expert System  

8.1 Introduction  

In this chapter, Rule Based Decision Support System (RBDSS), a model based on the 

statements of If / Then, was developed in expert system using MYCIN approach 

(backward chaining). Already identified factors which affect supply chain performance of 

road projects in disaster areas are incorporated in the statements. The experts are 

invited to enter the weight of each factor depending upon their judgment and ranking is 

ascertained. The ranking developed by quantitative approach (SPSS) is then verified by 

comparing with the ranking calculated by RBDSS. 

Literature review of Rule Based Decision Support Expert System (RBDSS) using MYCIN 

approach (backward chaining) and confidence factor was carried out in chapter 3. 

RBDSS is developed using a software program Artificial Management (AM) by coding 

different set of rules. This system is designed on two / three set of rules. Each set 

incorporates two secondary factors. Maximum six secondary factors are taken which 

affect single primary factor.  This system determines the effect of each secondary factor 

(confidence) on primary factor. The  confidence factors (weight) of all secondary factors 

depends upon the judgment of the targeted sample population. The values are physically 

entered by the sample population in the software. However, the effect of secondary 

independent variables on primary variables are calculated by the system.  Then each 

factor is numbered keeping in view its confidence factor / weight. This system helps in 

verifying the linear regression models of various factors which are developed in               

chapter 7. 
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8.2 Development of Rule Based Decision Support System - Weights Calculation 

of Variables using Confidence Factor Technique in Expert System  

Confidence factors ranging from -1 to 1 were employed during the development stage of 

RBDSS. Where 1 represents a response of absolute certainty that it is true and -1 

indicates that one believes absolute false. This rule is practically applied on one of the 

major factor / variable (uncertainty in demand and Supply) which effect project 

performance in disaster areas, which means with what confidence we can say that 

uncertainty in demand and supply contributes towards supply chain performance of road 

projects in disaster areas of the world. In this regard, three rule sets are prepared. In rule 

set 1.1, we say that if  If there are insufficient warehouse due to lack of historical data in 

disaster areas and there is disproportionate storage of products due to errors in quick 

estimates in disaster areas then uncertainty in demand and supply affect supply chain 

performance of road projects in disaster areas. The certainty with which an expert 

narrate these statements is given as under:- 

Rule  Set 1.1  - Confidence Factors to Combine Evidence  

If there are insufficient warehouse due to lack of historical data in disaster areas, 

[A(cf1,2) = 0.3] 

And there is disproportionate storage of products due to errors in quick estimates in 

disaster areas[B(cf1,2) = 0.4] 

Then Uncertainty in Demand and Supply affect supply chain performance of road 

projects in disaster areas[R1(cf) = 0.7] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

  RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

    =   min{0.3, 0.4} 

    = 0.3 
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  cf1  =  RI (cf). R1(cf)  = 0.3 x 0.7 = 0.21 

In AM program, all these statements will appear in window as under:- 

 

 Figure 8.1: Rule Set 1.1 of Independent Variable (Uncertainty in Demand and 

Supply)  

Similarly, rule  set 1.2 is If there are longer lead times of supplies in disaster areas of the 

world and there is non- utilization of material stock at project site of road projects in 

disaster areas then uncertainty in demand and supply affect supply chain performance of 

road projects in disaster areas 

.The certainty with which an individual can comment on these statements is given as 

under:- 

Rule Set 1.2 - Confidence Factors to Combine Evidence  

If there are longer lead times of supplies in disaster areas of the world, [A(cf2,1) = 0.5] 

and there is non- utilization of material stock at project site of road projects in disaster 

areas, [B(cf2,1) = 0.2] 

Then uncertainty in demand and supply affect supply chain performance of road projects 

in disaster areas, [R2(cf) = 0.7] 
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  RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

    =  min{0.2, 0.7} 

    = 0.2 

    

  cf2  =  RI (cf). R2(cf)  = 0.2 x 0.7 = 0.14 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.2: Rule Set 1.2 of Independent Variable (Uncertainty in Demand and 

Supply) 

Rule Set 1.3 is If there is a mismatch between raw material, work in process and finished 

product of road project logisticsand there is imbalance between inventory maintenance, 

economies of scale and lead time of products of road projectsthen uncertainty in demand 

and supply affect supply chain performance of road projects in disaster areas. The 

certainty with which an individual can comment on these statements is given as under:- 

Rule  Set 1.3 - Confidence Factors to Combine Evidence  

If there is a mismatch between raw material, work in process and finished product of 

road project logistics,[A(cf3,1) = 0.5] 
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And there is imbalance between inventory maintenance, economies of scale and lead 

time of products of road projects, [B(cf3,1) = 0.6] 

Then uncertainty in demand and supply affect supply chain performance of road projects 

in disaster areas, [R3(cf) = 0.7] 

  RI (cf)   =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

    =   min{0.5, 0.6} 

    = 0.5 

  cf2  =  RI (cf). R2(cf)  = 0.5 x 0.7= 0.35 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.3: Rule Set 1.3 of Independent Variable (Uncertainty in Demand and 

Supply) 

 

The confidence factor of conclusion is calculated by putting cf1, cf2 and cf3 in the 

formula below as enunciated in chapter 3. The confidence factor of conclusion comes to 

be 0.77432. 

Confidence Factor of Conclusion  

 C(cf)  =  cf1+cf2+cf3 - cf1.cf2.cf3  �L�I���F�I�������F�I�����D�Q�G���F�I�����•���� 

  = 0.21+0.14+0.35-(0.21 x 0.14 x 0.35) 
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 C(cf)  = 0.690 

The AM window calculating confidence factor of conclusion is given as under:- 

 

Figure 8.4: Conclusions of Rules and Total Confidence Level of Independent 

Variable 

The window gives four conclusions / results. First one is that statement (Uncertainty in 

demand and supply affect supply chain performance of road projects in disaster areas) is 

correct or otherwise. Second is confidence level of each rule. Third is total confidence 

level of major factor is uncertainty in demand and supply. Fourth one are important 

factors out  of secondary factors which contributes towards low supply chain 

performance. 

8.3 Coding for Calculation of Confidence Factor  (MYCIN Approach) Using 

Expert System (AM)  

Artificial Management (AM) software is used to develop rule based decision support 

expert system. The set of rules are coded in this software to develop an expert system. 

The data input in the form of confidence factor is to be provided by the respondent. The 

system gives the final conclusion of rules and total confidence level. The rules are shown 

in display window in figure 7, 8, 9. The fourth window shows conclusion of each rule and 

final confidence level of each expert giving input. The same logic (MYCIN Approach) is 

used which is discussed above. The scroll bar has also been employed which gives the 
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four major contributors out of six of independent variable. The coding for single factor 

(uncertainty in demand and supply) is done as under:- 

Procedure Window - Start Procedure  

 :Init variables  

and Init variables: 

and uncertainty in demand and supply: 

Procedure Window -Init Variables  

 Assign x:=0 

and Assign Position:=0 

and Assign hor:=0 

Procedure Window - Uncertainty in demand and supply  

 Rule:=1: 

and Rule:=2: 

and Rule:=3: 

and Test Rules: 

and Confidence level 1 

and Confidence level 2 

and Confidence level 3 

and Combination 

and Result 

and Test rules CF less than threshold value 

and Again 

and Test More=1 

and Restart 

or Quit 
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Figure 8.5: Coding in AM Program 

Procedure Window -Rule 1 

:Display Window-"Window title" 

Figure  8.6: Coding in AM Program 

Procedure Window - Confidence Level 1  

 :Test  Cf1Rule1>Cf2Rule1 

and :Assign  Weight1=Cf2Rule1*CfInputRule1 

or :Test  Cf2Rule1>Cf1Rule1 

Procedure Window - Combination  

 :Test  Weight1>0 

and :Test  Weight2>0 
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and :Test  Weight3>0 

 :Assign 

 AWeight=Weight1+Weight2+Weight3(Weight1"Weight2"Weight3) 

or :Test  Weight1>0 

and :Test  Weight2>0 

and :Test  Weight3<0 

 :Assign  Aweight=Weight1+Weight2-(Weight1"Weight2) 

or :Test  Weight1>0 

and :Test  Weight2<0 

and :Test  Weight3>0 

 :Assign  Aweight=Weight1+Weight3-(Weight1"Weight3) 

 :Test  Weight1<0 

and :Test  Weight2>0 

and :Test  Weight3>0 

 :Assign  Aweight=Weight2+Weight3-(Weight2"Weight3) 

 

Figure 8.7: Coding in AM Program 

 

Procedure Window - Result  
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 :Test  TValue>AWeight 

and :Assign  Result$:="Statement is Wrong" 

or :Test  TValue<AWeight 

 :Assign  Result$:="Statement is Right" 

Figure 8.8: Coding in AM Program 

Procedure Window - Result  

 :Test  TValue<=R1Value�œR2ValuelR3Value 

and :Assign  x:=0 

or :Assign  hor:=0 

 :Display Window-"Window title" 

 

 

Figure 8.9: Coding in AM Program 
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8.4 Independent Variable - Environmental Uncertainties  

The package for second independent variable (environmental uncertainties)is prepared 

in expert system. AM incorporating all factors of environmental uncertainties affecting 

supply chain performance in disaster areas. In rule set 2.1, we say that If the supplies 

are suspended due to day to day casualties in disaster areasand there is interrupted 

supply chain due to insecure environment then environmental uncertainties affect supply 

chain performance of the road projects in disaster areas. The certainty with which an 

expert system narrates these statements is given as under:- 

Rule Set 2.1 - Confidence Factors to Combine Evidence  

If re-contracts has to be concluded due to abandoning of work by outsourced suppliers in 

disaster areas, [A(cf1,2) = 0.40] 

And there are sabotage activities by local population at warehouses in disaster areas, 

[B(cf1,2) = 0.5] 

Then Environmental Uncertainties affect supply chain performance of the road projects in 

disaster areas, [R1(cf) = 0.6] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

  RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

    =   min{0.4, 0.5} 

    = 0.4 

  cf1  =  RI (cf). R1(cf)  = 0.4 x 0.6 = 0.24 

In AM program, all these statements will appear in window as under:- 
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Figure 8.10: Rule Set 2.1 of Independent Variable (Environmental Uncertainties) 

Similarly, rule 2.2 is If re-contracts has to be concluded due to abandoning of work by 

outsourced suppliers in disaster areasand there are sabotage activities by local 

population at warehouses in disaster areasthen environmental uncertainties affect supply 

chain performance of the road projects in disaster areas. The certainty with which an 

individual can comment on these statements is given as under:- 

Rule  Set 2.2 - Confidence Factors to Combine Evidence  

If re-contracts has to be concluded due to abandoning of work by outsourced suppliers in 

disaster areas, [A(cf2,1) = 0.3] 

And there are sabotage activities by local population at warehouses in disaster areas, 

[B(cf2,1) = 0.5] 

Environmental Uncertainties affect supply chain performance of the road projects in 

disaster areas, [R2(cf) = 0.7] 

  RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

    =  min {0.3, 0.5} 

    = 0.3 

    

  cf2  =  RI (cf). R2(cf)  = 0.3 x 0.7 = 0.21 
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In AM program, all these statements will appear in window as under:- 

 

Figure 8.11: Rule Set 2.2 of Independent Variable (Environmental Uncertainties) 

Confidence Factor of Conclusion  

 C(cf)  =  cf1+cf2 - cf1.cf2  if cf1 and  cf2  �•���� 

  = 0.24+0.21-(0.24 x 0.21) 

 C(cf)  = .400 

The AM window calculating confidence factor of conclusion is given as under:- 

 

Figure 8.12: Conclusions of Rules and Total Confidence Level of Independent 

Variable 
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8.5 Independent Variable - Infrastructural Situational Factor (Transportation 
Management)  

The package for third independent variable (social / culture) is prepared in expert system 

AM incorporating all factors of infrastructural situational factor (transportation 

management)affecting supply chain performance. In rule set 3.1, we say that If there is 

difficulty in flow of material from one point to another due to poor transport network in 

disaster areas of the world and there is a disconnection of transportation �± raw material 

to warehouse and final product to project site then Then Infrastructural Situational Factor 

affect supply chain performance of road projects in disaster areas of the world. The 

certainty with which an expert narrate these statements is given as under:- 

Rule Set 3.1 - Confidence Factors to Combine Evidence  

If there is difficulty in flow of material from one point to another due to poor transport 

network in disaster areas of the world, [A(cf1,2) = 0.70] 

And local population doesn't accept outsiders on project sitthere is a disconnection of 

transportation �± raw material to warehouse and final product to project site  [B(cf1,2) = 

0.6] 

Then Infrastructural Situational Factor affect supply chain performance of road projects in 

disaster areas of the world[R1(cf) = 0.5] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.7, 0.6} 

     = 0.6 

   cf1  =  RI (cf). R1(cf)  = 0.6 x 0.5 = 0.30 

In AM program, all these statements will appear in window as under:- 



 

265 
 

 

Figure 8.13: Rule Set 3.1 of Independent Variable (Infrastructural Situational 

Factor) 

Rule Set 3.2 - Confidence Factors to Combine Evidence  

If there is a miscalculation of transport for movement of materials and supplies in disaster 

areas, [A(cf1,2) = 0.50] 

And there is Inefficient and stereotype transport system in disaster areas[B(cf1,2) = 0.6] 

Then Infrastructural Situational Factor affect supply chain performance of road projects in 

disaster areas of the world[R1(cf) = 0.5] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.5, 0.6} 

     = 0.5 

   cf1  =  RI (cf). R1(cf)  = 0.5 x 0.5 = 0.25 

In AM program, all these statements will appear in window as under:- 
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Figure 8.14: Rule Set 3.2 of Independent Variable (Infrastructural Situational 

Factor) 

Rule  Set 3.3 - Confidence Factors to Combine Evidence  

If there is a limited choice of outsourced transport companies due to their reluctance  for 

logistics of road projects in disaster areas, [A(cf1,2) = 0.40] 

And there are exaggerated higher rates of transportation from distribution points to 

project sites[B(cf1,2) = 0.7] 

Then Infrastructural Situational Factor affect supply chain performance of road projects in 

disaster areas of the world  [R1(cf) = 0.6] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  = min {A(cf�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.4, 0.7} 

     = 0.4 

   cf1  =  RI (cf). R1(cf)  = 0.4 x 0.6 = 0.24 

In AM program, all these statements will appear in window as under:- 
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Figure 8.15: Rule 3.3 of Independent Variable (Infrastructural Situational Factor) 

Confidence Factor of Conclusion  

 C(cf)  =  cf1+cf2+cf3 - cf1.cf2.cf3  �L�I���F�I�������F�I�����D�Q�G���F�I�����•���� 

  = 0.30+0.25+0.24-(0.30 x 0.25 x 0.24) 

 C(cf)  = .772 

The AM window calculating confidence factor of conclusion is given as under:- 

 

Figure 8.16: Conclusions of Rules and Total Confidence Level of Independent 

Variable 

8.6 Independent Variable - Socio -Economic Situational Factor  

The package for fourth independent variable (Socio- Economic Situational Factor) is 

prepared in expert system AM incorporating all factors of Socio- Economic Situational 
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Factor affecting project performance. The certainty with which an expert narrate these 

statements is given as under:- 

Rule  Set 4.1- Confidence Factors to Combine Evidence  

If there is a fluctuating market economy in disaster areas, [A(cf1,2) = 0.60] 

And there is lack of local community support for road construction project[B(cf1,2) = 0.4] 

Then Socio-Economic Situational Factor affect supply chain performance of road 

projects in disaster areas of the world[R1(cf) = 0.7] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.3, 0.4} 

     = 0.3 

   cf1  =  RI (cf). R1(cf)  = 0.3 x 0.7 = 0.21 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.17: Rule Set 4.1 of Independent Variable (Socio-Economic Situational 

Factor) 
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Rule  Set 4.2 - Confidence Factors to Combine Evidence  

If there is non-presence of local suppliers for logistics of road projects in disaster areas of 

the world, [A(cf1,2) = 0.50] 

And there is a conflict between local and outsider suppliers due to undue local 

demands[B(cf1,2) = 0.4] 

Then Socio-Economic Situational Factor affect supply chain performance of road 

projects in disaster areas of the world[R1(cf) = 0.3] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.5, 0.4} 

     = 0.4 

   cf1  =  RI (cf). R1(cf)  = 0.4 x 0.3 = 0.12 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.18: Rule Set 4.2 of Independent Variable (Socio-Economic Situational 

Factor) 

Confidence Factor of Conclusion  

 C(cf)  =  cf1+cf2- cf1.cf2  if cf1 and cf2  �•���� 

  = 0.21+0.12-(0.21 x 0.12) 
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 C(cf)  = 0.305 

The AM window calculating confidence factor of conclusion is given as under:- 

 

Figure 8.19: Conclusions of Rules and Total Confidence Level of Independent 

Variable 

8.7 Independent Variable - Government / Political Situational Factor  

The package for fifth independent variable (Government / Political Situational Factor) is 

prepared in expert system AM incorporating all factors of Government / Political 

Situational Factor affecting supply chain performance. In rule set 5.1, we say that If there 

is fragile regime in the disaster countries and there is a high level of corruption in the 

country then Government and Political Situational Factor affect supply chain 

performance of road projects in disaster areas of the world. The certainty with which an 

expert narrate these statements is given as under:- 

Rule  Set 5.1 - Confidence Factors to Combine Evidence  

If there is fragile regime in the disaster countries, [A(cf1,2) = 0.40] 

And there is a high level of corruption in the country, [B(cf1,2) = 0.3] 

Then Government and Political Situational Factor affect supply chain performance of 

road projects in disaster areas of the world, [R1(cf) = 0.7] (this is certainty factor of rule) 
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Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.4, 0.3} 

     = 0.3 

   cf1  =  RI (cf). R1(cf)= 0.3 x 0.7 = 0.21 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.20: Rule Set 5.1 of Independent Variable (Government / Political 

Situational Factor) 

Rule Set 5.2 - Confidence Factors to Combine Evidence  

If there is non-existence of National Regulations towards suppliers and project 

stakeholders in disaster areas, [A(cf1,2) = 0.50] 

And there is a lack of Government administration involvement in construction of road 

projects in disaster areas[B(cf1,2) = 0.4] 

Then Government and Political Situational Factor affect supply chain performance of 

road projects in disaster areas of the world[R1(cf) = 0.6] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 
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     =   min{0.5, 0.4} 

     = 0.4 

   cf1  =  RI (cf). R1(cf)  = 0.4 x 0.6 = 0.24 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.21: Rule Set 5.2 of Independent Variable (Government / Political 

Situational Factor) 

Rule Set 5.3 - Confidence Factors to Combine Evidence  

If there is a lack of political will to function supply chain management in disaster areas, 

[A(cf1,2) = 0.40] 

And there is no government policy to facilitate suppliers and supply chain 

companies[B(cf1,2) = 0.3] 

Then Government and Political Situational Factor affect supply chain performance of 

road projects in disaster areas of the world [R1(cf) = 0.7] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  = min {A(cf), B(cf), C(�F�I�������'���F�I���`���•���¡ 

     =   min{0.4, 0.3} 

     = 0.3 
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   cf1  =  RI (cf). R1(cf)  = 0.3 x 0.7 = 0.21 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.22: Rule 5.3 of Independent Variable (Government / Political 

Situational Factor) 

Confidence Factor of Conclusion  

 C(cf)  =  cf1+cf2+cf3 - cf1.cf2.cf3  �L�I���F�I�������F�I�����D�Q�G���F�I�����•���� 

  = 0.21+0.24+0.21-(0.21 x 0.24 x 0.21) 

 C(cf)  = 0.649 

The AM window calculating confidence factor of conclusion is given as under:- 
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Figure 8.23: Conclusions of Rules and Total Confidence Level of Independent 

Variable 

8.8 Independent Variable - Communication and Technology Factor  

The package for sixth independent variable (Communication and Technology Factor) is 

prepared in expert system AM incorporating all factors of Communication and 

Technology Factor affecting supply chain performance. In rule set 6.1, we say that If 

there is lack of information regarding change in demand, forecasting, inventory and 

transportation in disaster areas and there is lack of information within project teams in 

disaster areas then Communication and Technology Factor affect supply chain 

performance of road projects in disaster areas of the world. The certainty with which an 

expert narrate these statements is given as under:- 

Rule Set 6.1 - Confidence Factors to Combine Evidence  

If there is lack of information regarding change in demand, forecasting, inventory and 

transportation in disaster areas, [A(cf1,2) = 0.40] 

And there is lack of information within project teams in disaster areas,  [B(cf1,2) = 0.5] 

Then Communication and Technology Factor affect supply chain performance of road 

projects in disaster areas of the world,   [R1(cf) = 0.6] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.4, 0.5} 

     = 0.4 

   cf1  =  RI (cf). R1(cf)  = 0.4 x 0.6 = 0.24 

In AM program, all these statements will appear in window as under:- 
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Figure 8.24: Rule Set 6.1 of Independent Variable (Communication and 

Technology Factor) 

Rule  Set 6.2 - Confidence Factors to Combine Evidence   

If there the daily demands of project teams not met in disaster areas, [A(cf1,2) = 0.40] 

And there is a lack of communication tools in disaster areas[B(cf1,2) = 0.5] 

Then Communication and Technology Factor affect supply chain performance of road 

projects in disaster areas of the world [R1(cf) = 0.7] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.4, 0.5} 

     = 0.4 

   cf1  =  RI (cf). R1(cf)  = 0.4 x 0.7 = 0.28 

In AM program, all these statements will appear in window as under:- 
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Figure 8.25: Rule Set 6.2 of Independent Variable (Communication and 

Technology Factor) 

Rule Set 6.3 - Confidence Factors to Combine Evidence   

If there is lack of planning tools with supply chain managers in disaster areas, [A(cf1,2) = 

0.50] 

And forecast planning of logistics management is not being done [B(cf1,2) = 0.6] 

Then Communication and Technology Factor affect supply chain performance of road 

projects in disaster areas of the world [R1(cf) = 0.7] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.5, 0.6} 

     = 0.5 

   cf1  =  RI (cf). R1(cf)  = 0.5 x 0.7 = 0.35 

In AM program, all these statements will appear in window as under:- 
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Figure 8.26: Rule Set 6.3 of Independent Variable (Communication and 

Technology Factor) 

Confidence Factor of Conclusion  

 C(cf)  =  cf1+cf2+cf3 - cf1.cf2.cf3  �L�I���F�I�������F�I�����D�Q�G���F�I�����•���� 

  = 0.24+0.28+0.35-(0.24 x 0.28 x 0.35) 

 C(cf)  = 0.846 

The AM window calculating confidence factor of conclusion is given as under:- 

 

Figure 8.27: Conclusions of Rules and Total Confidence Level of Independent 

Variable 

8.9 Independent Variable - Organizational Internal Factor  

The package for seventh independent variable (Organizational Internal Factor) is 

prepared in expert system AM incorporating all factors of Organizational Internal Factor 
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affecting supply chain performance. The certainty with which an expert narrate these 

statements is given as under:- 

Rule  Set 7.1 - Confidence Factors to Combine Evidence   

If there is non-collaboration amongst project teams of road projects and suppliers in 

disaster areas, [A(cf1,2) = 0.40] 

And there is unrealistic planning due to incomplete and inaccurate data in disaster areas,  

[B(cf1,2) = 0.5] 

Then Organizational Internal Factor affect supply chain performance of road projects in 

disaster areas of the world,   [R1(cf) = 0.6] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.4, 0.5} 

     = 0.4 

   cf1  =  RI (cf). R1(cf)  = 0.4 x 0.6 = 0.24 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.28: Rule Set 7.1 of Independent Variable (Organizational Internal Factor) 
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Rule   7.2  - Confidence Factors to Combine Evidence  

If there is a lack of proficient supply chain managers in disaster areas , [A(cf1,2) = 0.30] 

And there is untimely mobilization of resources for road projects due to poor 

transportation and infrastructure [B(cf1,2) = 0.4] 

Then Organizational Internal Factor affect supply chain performance of road projects in 

disaster areas of the world[R1(cf) = 0.5] (this is certainty factor of rule) 

Put all these certainty factors in formula below 

   RI (cf)  =  Pi (cf)  � ���P�L�Q���^�$���F�I�������%���F�I�������&���F�I�������'���F�I���`���•���¡ 

     =   min{0.3, 0.4} 

     = 0.3 

   cf1  =  RI (cf). R1(cf)  = 0.3 x 0.5 = 0.15 

In AM program, all these statements will appear in window as under:- 

 

Figure 8.29: Rule Set 7.2 of Independent Variable (Organizational Internal Factor) 

Confidence Factor of Conclusion  

 C(cf)  =  cf1+cf2 - cf1.cf2  if cf1 and cf2 �•���� 

  = 0.24+0.15-(0.24 x 0.15) 

 C(cf)  = .354 

The AM window calculating confidence factor of conclusion is given as under:- 
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Figure 8.30: Conclusions of Rules and Total Confidence Level of Independent 

Variable 

8.10 Average Weight Calculation  

After completion of rule based decision support system, fifty two experts (sample) 

including managers, academia and practitioners were invited to practice with their inputs. 

It took almost ten months to complete the procedure for data input. The participants have 

to explain in detail regarding the use of system. The inputs / opinions were captured and 

populated into rule based expert system. The experts gave the weight-age to each 

variable. The final weights of primary independent variable are calculated by the system 

itself.  The mean of input received from experts was calculated and final weights of each 

primary variable were found. The order of importance of all variables and primary factors 

was calculated through average weight calculation of input received from experts.  Same 

is given in table below:- 

Table 8.1: Order of importance of Variables  

Ser Factors / Variables  Average Confidence 
Factor  

(Interview of 52 
experts)  

Order of 
Importance  

Environmental Uncertainties  2.89 3 
1. Suspension of supplies due to day to day casualties   
2. Interrupted supplies chain due to insecure environment 3.03 2 
3. Re-contracts due to abandoning of work by outsourced 

suppliers 
2.05 11 
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4. Sabotage activities by local population at warehouses 2.35 6 
Uncertainty in Demand and Supply (Inventory and 
Warehouse Management)  

  

5. Insufficient Warehouse due to lack of historical data 1.85 17 
6. Disproportionate storage of products due to errors in 

quick estimates 
1.56 25 

7. Longer Lead Times of supplies 2.01 13 
8. Non Utilization of material stock at project site 2.11 10 
9. Mismatch between raw material, work in process and 

finished product 
2.78 4 

10. Imbalance between inventory maintenance, economies 
of scale and lead time 

1.98 14 

Infrastructural Situational Factor (Transportation 
Management)  

  

11. Difficulty in flow of material from one point to another due 
to poor transport network 

0.89 36 

12. Disconnection of transportation �± raw material to 
warehouse and final product to project site 

3.154 1 

13. Miscalculation of transport for movement of materials and 
supplies 

2.53 5 

14. Inefficient and stereotype transport system 2.02 12 

15. Limited choice of outsourced transport companies  2.21 7 

16. Exaggerated higher rates of transportation from 
distribution points to project sites 

1.77 19 

Socio -Economic Situational Factor    
17. Fluctuating market economy 2.18 8 

18. Non-presence of local suppliers 1.79 18 

19. Lack of local community support 1.45 28 

20. Conflict between local and outsider suppliers due to 
undue local demands 

1.59 24 

Government / Political Situational Factor    
21. Fragile regime 1.20 31 

22. National Regulations towards suppliers and project 
stakeholders 

1.39 29 

23. Lack of Government administration involvement 1.64 22 

24. High Level of corruption 1.15 33 

25. Lack of political will to function supply chain management 1.18 32 

26. Non existence of government policy to facilitate suppliers 0.95 35 

Communication and Technology Factor    
27. Lack of information regarding change in demand, 

forecasting, inventory and transportation 
1.62 23 

28. Lack of information within project teams  1.69 21 

29. Daily demand of project teams not met 1.72 20 

30. Lack of communication tools 2.15 9 

31. Lack of planning tools 1.91 15 

32. Non-existence of Forecast logistics management 
planning due to lack of communication 

1.87 16 

Organizational Internal Factor    
33. Non-Collaboration amongst project teams and suppliers 1.53 26 

34. Unrealistic planning due to incomplete and inaccurate 
data 

1.05 34 

35. Lack of proficient supply chain managers 1.49 27 

36. Untimely mobilization of resources  1.29 30 
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8.11 Summary of Chapter  

In this chapter, rule based decision support system was developed using MYCIN 

approach / certainty factor (backward chaining). As researchers point of view, this 

approach is qualitative. The system is goal based used to collect and analyse data from 

the sample population. The purpose is to verify the goal statement given in the set of 

rules. Data is collected by conducting structured interviews. The input in the form of 

confidence factors as given by the experts / respondents. The output in the form of total 

confidence factor is calculated by the system itself. The confidence factors are actually 

the  weight of each variable / factor . This approach is coded as expert system (AM 

software is used). System / Program was given to experts and they were briefed about 

the usage of package. In the end, average weight of each variable was calculated and 

order of prominence / importance of each factor are sorted. RBDSS will help in verifying 

linear regression models developed in chapter 7. 
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CHAPTER 9 

Development , Verification  and Validation  of  Multiple L inear Regression 

Model (MLRM)   

9.1 Introduction  

In this chapter, a MLRM will be developed incorporating various factors which effect 

supply chain performances of the road projects in disaster areas. The various linear 

regression models of various factors incorporating single independent factor has already 

been developed in chapter 8. The coefficient of each factor in MLRM will denote the 

weight of each variable. The predictive  model (Multiple Linear Regression Model) will be 

verified by comparing its results with Rule Based Decision Support System. The 

sensitivity test of MLRM  will be conducted to verify the model. The validation of the 

MLRM will be carried out by comparing the results with two case studies; one man-made 

disasters and other natural disasters taken from the project implemented in disastrous 

regions of Afghanistan and Pakistan. 

9.2 Multiple Linear Regression Model Development Using SPSS  

The multiple linear regression model was developed using SPSS software by 

incorporating all factors which has effects on supply chain performance of the road 

projects in disastrous regions. Multiple Linear Regression model will encompass DVs 

and IVs which are derived through SPSS software. The model development process 

(unstandardized coefficients) is given as under:- 

   Y = 2.66 + 0.30*X1  (Equation A) 

   Where Y is Project Performance 

   X1 is Environmental Uncertainties 

   Y = 1.67 + 0.561*X2 (Equation B) 

   Where X2  is Uncertainties in Demand and Supply 
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   Y = 1.05 + 0.706*X3 (Equation C) 

   Where X3 is Infrastructural Situational Factor 

   Y = 1.685 + 0.549*X4 (Equation D) 

   Where X4 isSocio-economic Situational Factor 

   Y = 2.04 + 0.491*X5 (Equation E) 

   Where X5 is Communication and Technology Factor 

   Y = 2.602 + 0.341*X6 (Equation F) 

   Where X6 is Political / Government Situational Factor 

   Y = 2.69 + 0.315*X7 (Equation G) 

   Where X7 Organizational Internal Factor 

Equation A, B, C, D, denotes  the relationship of factors with  supply chain performance 

of the road projects (DVs). Multiple correlation / regression equation enunciated in 

Applied Multiple Regression / Correlation Analysis for Behavioural / Social Sciences is 

given as:- 

  Y = bo + b1X1 + b2X2 + b3X3 +.............. bkXk  (equation with un-standardized  

        coefficients) 

  Y = b1X1 + b2X2 + b3X3 +.............. bkXk  (equation with standardized   

        coefficients) 

 Where  Y  =  Independent Variable 

   X1, X2, X3.....Xk =  Dependent Variable  

  bo   = Constant (for unstandardized coefficients only) 

   b1, b2...........bk  = Coefficients of dependent variables 

The core reason of MRC (multiple regression and correlation) model is to forecast DVs 

from IVs. Multiple regression and correlation variables (MRC) is a linear regression / 

correlation with two and more predictor factors. Multiple regression for DVs and IVs is 

carried out by use of SPSS package. The data of supply chain performance (dependent 
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variable) and independent variables including uncertain environment, uncertainty in 

demand and supply, infrastructural situational factor, socio-economic situational factor, 

communication and technology factor, political situational factor and organizational 

internal factor  of disaster areas are processed in SPSS package for multiple regression 

and correlation analysis. The processing gives two tables. Table 9.2 enunciated below 

comes up with p-value and F-test which denotes that model is significantly good or not. 

The value of R-square is 00.961 which shows that 96.1 percent of variability of supply 

chain performance is accounted for variables in this model. The value of adjusted R-

square denotes 96% of variability accounted in the model. The table 9.3 shows 

coefficient of each independent variable which shows deviation which can be predictable 

in dependent variable. 

Table: 9.1 Multiple Regression / Correlation - Summary of Model 

 

Table: 9.2 Multiple Regression / Correlation - ANOVA 

 

An equation given below is derived through standardized coefficients given by SPSS 

incorporating all major factors. 
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 Y =.212A+.208B +.228C+ .204 D +.202E+ .182F+ .181G  

 Where   A is Environmental Uncertainties 

    B is Uncertainties in Demand and Supply 

    C is Infrastructural Situational Factor 

    D is Socio-Economic Situational Factor 

    E is Communication and Technology Factor 

    F is Political/ Governmental Situational Factor 

    G is Organizational Situational Factor 

9.3 Verification of MLRM using Weight Comparison of F actors - Rule Based 

Decision Support System  and Multiple Linear Regression Model  

The MLRM is verified by comparing its results with RBDSS. The weight-ages of factors 

identified in literature review are calculated by use of linear regression equations in 

Chapter seven and finding out of confidence factor by designing expert system in AM 

(RBDSS) in chapter eight. The degree of prominence of various factors  is obtained 

through weights calculated by SPSS package and expert system. Both approaches are 

not much different from each other. However, the data which was analyzed by SPSS 

package (Multiple Linear Regression Equations) has preference over expert system. 

Thus, the MLRM is verified. In major factors, infrastructural situational factor is the most 

dominant independent factor which effect supply chain performance of road development 

projects in troubled regions of the world including human induced disasters. The other 

factors are environmental uncertainties, uncertainties in demand and supply, 

communication and technology factor, socio-economic situational factor, political / 

government situational factor and organizational internal factor in the order of their 

dominance and importance. Table 9.3 shows the importance of various factors. The 

importance of each factor have already been calculated in chapter seven and eight. 

However, these are compiled in the table below to have a fair comparison between 

these.   
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Table 9.3: Weight of Varying Variables -  Rule Based Decision Support System and 

Linear Regression Model 

Ser Factors / Variables  

Order of 
Importance  Final Order of 

Importance  
RBDSS SPSS 

Environmental Uncertainties    2 
1. Suspension of supplies due to day to day casualties 3 1 1 
2. Interrupted supplies chain due to insecure environment 2 4 4 
3. Re-contracts due to abandoning of work by outsourced 

suppliers 
11 11 11 

4. Sabotage activities by local population at warehouses 6 6 6 
Uncertainty in Demand and Supply (Inventory and 
Warehouse Management)  

  3 

5. Insufficient Warehouse due to lack of historical data 17 17 17 
6. Disproportionate storage of products due to errors in 

quick estimates 
25 25 25 

7. Longer Lead Times of supplies 13 13 13 
8. Non Utilization of material stock at project site 10 10 10 
9. Mismatch between raw material, work in process and 

finished product 
4 2 2 

10. Imbalance between inventory maintenance, economies 
of scale and lead time 

14 14 14 

Infrastructural Situational Factor (Transportation 
Management)  

  1 

11. Difficulty in flow of material from one point to another 
due to poor transport network 

36 36 36 

12. Disconnection of transportation �± raw material to 
warehouse and final product to project site 

1 3 3 

13. Miscalculation of transport for movement of materials 
and supplies 

5 5 5 

14. Inefficient and stereotype transport system 12 12 12 

15. Limited choice of outsourced transport companies  7 7 7 

16. Exaggerated higher rates of transportation from 
distribution points to project sites 

19 18 18 

Socio -Economic Situational Factor    5 

17. Fluctuating market economy 8 8 8 

18. Non-presence of local suppliers 18 19 19 

19. Lack of local community support 28 24 24 

20. Conflict between local and outsider suppliers due to 
undue local demands 

24 28 28 

Government / Political Situational Factor    6 

21. Fragile regime 31 31 31 

22. National Regulations towards suppliers and project 
stakeholders 

29 29 29 

23. Lack of Government administration involvement 22 22 22 

24. High Level of corruption 33 33 33 

25. Lack of political will to function supply chain 
management 

32 35 35 

26. Non existence of government policy to facilitate 
suppliers 

35 32 32 

Communication and Technology Factor    4 
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27. Lack of information regarding change in demand, 
forecasting, inventory and transportation 

23 23 23 

28. Lack of information within project teams  21 20 20 

29. Daily demand of project teams not met 20 21 21 

30. Lack of communication tools 9 9 9 

31. Lack of planning tools 15 16 16 

32. Non-existence of Forecast logistics management 
planning due to lack of communication 

16 15 15 

Organizational Internal Factor    7 

33. Non-Collaboration amongst project teams and 
suppliers 

26 26 26 

34. Unrealistic planning due to incomplete and inaccurate 
data 

34 34 34 

35. Lack of proficient supply chain managers 27 27 27 

36. Untimely mobilization of resources  30 30 30 

 

9.4 Verification of MLRM using Sensitivity Test -  Varying Case Scenarios  

The purpose of sensitivity analysis is to check that how much values of independent 

variables impact the values of particular dependent variables under defined assumptions. 

This test assists in analysing how much output deviates if one or more input is changes. 

In this particular case, three scenarios are considered, which are given below. Not much 

variation verify the MLRM model. 

Scenario 1 - Ideal Environment  

In disaster areas, ideal environments are closer to the environments of the settled areas. 

It means that the effects of disaster regions have been suppressed due to passing of 

reasonable time. The life has reached at its normality. Those environments are 

considered as ideal. The effects of all factors are negligibly less on the performance of 

the supply chain management. These circumstances subsist when a considerable 

duration has passed after relief and military operations by Law Enforcing Agencies 

(LEAs) which includes both national and international organisations. 

 Y =.212A+.208B +.228C+ .204 D +.202E+ .182F+ .181G 

 when A = 0, B = 0, C = 0, D = 0, E = 0, F = 0, G = 0 

    then  Y = 0 % 
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The above result means that in ideal conditions, supply chain performance of road 

projects will remain the same as projects implemented in settled areas. The time will also 

increase with the same ratio. For example if cost of supply chain cost of project in 1500 

Million Rupees in settles area and its completion time is 24 months, the cost and time of 

supply chain management of road projects in disaster areas should remain the same 

after relief and post military operations. 

Scenario 2 - Worst Environment  

In disaster areas, when the environments are worst and the effects of all factors are 

extremely high on the performance of the supply chain management of road project. 

These circumstances subsist when relief operations by various organizations have not 

been carried out and military operations in man-made disaster areas has not been 

conducted. Law and order situation in the area is the most awful. Conditions are not 

favourable at all to execute road development projects, then:- 

  Y =.212A+.208B +.228C+ .204 D +.202E+ .182F+ .181G 

  when A = 1,  B = 1, C = 1, D=1, E = 1,  F = 1, G = 1 

    Then  Y = 1.417 

The above result means that in worst conditions, cost of supply chain of road projects will 

be 141.17 %,more than projects implemented in settled areas. The time will also 

increase with the same ratio. For example if cost of supply chain of road project in 

1500Million Rupees in settles area and its completion time is 24 months, the cost of 

supply chain of road project in disaster areas should be 141.17 percent more before 

relief / military operations that is 3625 Million and time will increase from 24 months to 34 

(3625/1500 x 24= 58). 
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Scenario 3 - Moderate Environment  

In disaster areas, when the environments are moderate and the effects of all factors are 

neither very high nor very less on the supply chain performance of the road project. 

These circumstances subsist when relief operations and military operations  are being 

carried out. Endeavours to win the hearts and minds of the people are under way and 

environmental uncertainties are being stabilized.  Conditions to implement supply chain 

management of road development projects are  being made favourable / stabilized, 

then:- 

  Y =.212A+.208B +.228C+ .204 D +.202E+ .182F+ .181G 

 when A= 0.5,  B =0.5, C = 0.5, D=0.5,  E = 0.5,  F = 0.5, G = 0.5   

    Then Y=0.7077 

The above result means that in moderate conditions, cost of supply chain of road 

projects will be 70.77 %,more than projects implemented in settled areas. The time will 

also increase with the same ratio. For example if cost of supply chain of road project in 

1500 Million Rupees in settles area and its completion time is 24 months, the cost of 

supply chain of road project in disaster areas should be 70.77 percent more before relief 

/ military operations that is 2560 Million and time will increase from 24 months to 34 

(2560/1500 x 24= 40.9). 

9.5  Multiple Linear Regression / Correlation  Model Validation  

The process of validation discovers the reliability of concepts and methodologies 

employed to develop Multiple Linear Regression / Correlation model for project 

managers. The validation of model is important because it shows the potential 

objectiveness and reliability of the model. It also evaluates that whether the developed 

model suits the proposed purpose of supply chain management of road projects in 
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disaster areas of the world. There are three stages of validation process of Multiple 

Linear Regression Model:- 

a. Conceptual Stage: The model validation is recognized by testing and adapting the 

concepts employed in the study. 

b. Methodological Stage: In this stage, efficient, accurate, clear and free of biases 

results are available. 

c. Substantive Stage: In this stage, it is considered that research is applicable on 

practical problems and is validating the characteristics of entire population under 

study.  

The data was collected from disaster areas all over the globe. The model reflects the 

characteristics of  different countries who have either experienced natural or man-made 

disasters including  insurgency / terrorism or are under going through this chaos.  The 

face validity was used by involving people and decision makers who have actually 

worked or are working in such areas. This shows that model is quiet reasonable and can 

be implemented on supply chain management projects to be executed in those areas. 

The researcher explained the model to the stakeholders and then found out that model is 

closer to the reality. Five main techniques are used for carrying out external validation. 

These are:- 

a. The linear regression model is independently verified with the passage of time or 

by using surrogate  variables. 

b. The varying samples are divided / splitted and one part is used to estimate the 

linear regression model and the other is employed for validation. 

c. Re-sampling is also used by taking samples repeatedly from the original one and 

then refilling of linear regression model every time. 
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d. Stein's equation is also be used to re-calculate the co-efficient of determination by 

adjustment. 

e. The comments of the relevant experts on the various aspects of the linear 

regression model which includes potential benefits help in validating it. 

The researcher has been employed for three years in disaster areas of the world that 

includes Kashmir, FATA and Baluchistan of Pakistan, Liberia, West Africa and Kabul, 

Afghanistan, thus he used the technique of independent verification as it is possible to 

carry out the follow up. Splitting and re-sampling technique is not employed because 

sufficient data is not available to carry out analysis. Stein's equation is also not used 

because it requires a large data and it does not cater regression model. This study 

initially approached experts to find out various variables which were employed afterwards 

to develop a Regression Linear model. However, practitioners were not approached to 

validate the model. 

At substantive stage, it is considered that research is very effective, beneficial and 

relevant for its realistic application in disaster areas of the world. The transferability is 

validated to ensure that model shows the characteristics of the population at large. 

Application of the external validation in substantive domain is given as under:-  

9.5.1 Validation of MLRM 

9.5.1.1 Case Study 1  - Earthquake on 8 Oct 2005 - Himalayan Regions of 

North Pakistan and Kashmir  

An earthquake of magnitude Mw 7.6 was transpired  on 8 October, 2005  in the 

Himalayan regions of  northern of Pakistan and Azad Jammu Kashmir (epicentre 20 km 

northeast of Muzaffarabad). The death toll reached approximately 100,000 including 

19000 children due to collapse of school buildings. It killed 250,000 farm animals and 
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displaced 500,000 families and same large animals who require shelter from rough 

winters. Approximately 780,000 buildings including 17,000 school buildings  were either 

destroyed or badly damaged. Various important roads and highways which are 

considered as lifelines are adversely affected primarily due to landslides and demolition 

of bridges. A substantial area remained cut off via routes of land for several months. The 

closure of roads cut off access to Jhelum, Neelum and Valleys of Kaghan. The unstable 

debris and disrupted rocks on roadway posed problems / challenges in clearing and road 

opening.  The closure of road problem was so significant that a massive resource and 

effort was carried out to open the road. Owing to army engineers extensive experience 

and availability of resources opening of roads was handled efficiently and effectively. 

After opening of roads, relief operations were carried out. The next stage of post relief 

operations was rehabilitation and reconstruction including road projects. Reconstruction 

of roads was carried out after relief operations. Supply chain performance of  

reconstruction of roads in disaster areas of Kashmir was measured by the researcher as 

a pilot project. Salient features of the disaster area and the prevailing environment in 

which army engineers and other organizations worked can be well explained in the 

ensuing paragraphs:-   

a. The population affected by the earthquake was approximately 3.5 million either 

directly or indirectly. The supply chain / logistics to administer road projects after 

relief and aid operations is extremely difficult. 

b. Sufferings like deaths, human casualties like amputees, orphans and unhygienic 

conditions which results in diseases and severe malnutrition make the supply 

chain operations uneconomical both in terms of cost and time.   

c. The responses in disaster areas to supply chain management are uncoordinated 

due to uncertain environments. The information received is foggy from both ends.  
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d. The earthquake triggered 1250 landslides affecting 0.18 Million Ha of land 

belonged to forests, trees uprooting and root shaking thus affecting supply chain 

performance of road projects. 

e. Relief operations / activities like provision of shelter, food, medicine and blankets 

etc on massive scale disrupt the supply chain of construction projects. 

f. Road / debris clearance is yet another challenge in natural disaster areas. It 

affects the social behaviour of the affected people of the area which virtually 

affects the moving forward of supply chain at the project site.   

g. Owing to the uncertain information, demand and supply of road projects becomes 

imbalance which affect supply chain performance both in terms of cost and time. 

h. Third party logistics (sublet) of road projects is difficult to implement due to 

arduous terrain and extra ordinary higher rates.  

i. Logistic chain supply is very lengthy, extremely  un-economical with arduous 

maintenance. Repair and preservation of machinery and plant is highly time 

consuming which impede the progress of the road projects. 

j. Rents of transportation are very high in disaster areas due to far distances and 

uncertain environment. Transportation owners ask for heavy advances. 

k. The skilled and unskilled labor is not all set to work even at high wages due to 

unsecure   environment and difficult terrain. A high level motivation is required 

both in terms of rates and assurance of security to lure the people to work. 

l. Statistical Data and Comparison  with Model 

 Supply Chain Project Cost   - 1330 Million Rupees 

 Time to complete logistics build up - 13 Months 
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 Completion Cost of supply chain  - 1840 Million Rupees 

 Completion Time     - 20 Months 

Out of three cases mentioned above worst case scenario is applicable: 

As per model, cost of the project should be 141 percent (1875 Million) more than 

projects in settled areas whereas time of the project should be 18.32 months 

(1875/1330x13 = 18.32 Months). 

Cost Variation from Model 

  Planned Cost of supply chain   - 1330Million 

 Completion Cost of supply chain  - 1840 Million  

 Difference in Cost    - 1840 - 1330 = 510 Million 

       -138 percent more than actual  

       cost 

Completion cost as per Model  - 1875 million  

 Worst Environment as per Model  - 141 percent  

 Variation     - 3 percent 

 Time Variation from Model  

  Planned Time for logistic build up - 13 Months 

 Completion Time    - 20 Months  

 Worst Environment as per Model  - 1875/1330x13=18.32  

        Months 

 Variation    - 20-18.32 = 1.68 Months 

 Variation in percentage  - 12.9 percent variation from Model 

 15 % of variation is acceptable  

MLRM is validated  
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m. The difference between planned and completion cost of supply chain is 138 

percent which denotes that completion cost of supply chain project  is 138 percent 

more than the cost of supply chain projects implemented in settled areas. As per 

model, the cost difference should be 141 percent. In actual case study, there is a  

cost variation of  3 percent from model depicting worst case scenario. Similarly, 

time variation of case study is 13 percent from the model. Fifteen percent variation 

from model is acceptable as discussed earlier. Both time and cost (supply chain 

performance) are within acceptable limits. Therefore model developed is verified 

and validated. 

9.5.1.2 Case Study 2  - Road Construction Kabul - Jalalababad in Afghanistan  

The researcher carried out a pilot study on supply chain performance of Kabul - 

Jalalabad Road Construction in Afghanistan. The length of road is 165 km  which starts 

from Kabul and ends at Jalalabad. Researcher worked on this project for one and half 

years being part of Frontier Works Organization (military engineers). These areas are the 

typical example of human induced disaster regions. Many sponsored anti-sate actors 

were active in the area and they were tasked to carry out terrorist activities to impede the 

construction activity of the road project. The project was initially commenced in 2003 and 

contract was awarded to  many renowned construction companies. But they discontinued 

due to awful  law and order situations in the area by the insurgents. The project was re-

commenced in 2005. Various construction companies were employed again but they 

could not work due to intense terrorist activities by the insurgents. After lapse of two 

years, work was started again by the army engineers in 2007. Salient features of the 

area and the prevailing environment in which army engineers worked can be well 

explained in the ensuing paragraphs:-   
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a. A considerable number of vehicles and weapons are employed on the security of 

project teams and management. 

b. Labourers and project teams are to be protected by the security people or military 

/ paramilitary forces. The people will not come out of their camps for work without 

requisite security. 

c. The skilled and unskilled labour is not all set to work even at high wages due to 

unsecure environment. A high level motivation is required both in terms of rates 

and assurance of security to lure the people to work. 

d. Sublet contractors with good profile show their unwillingness even at higher rates. 

Local and unreliable firms are to be hired to execute work which virtually results in 

low production of every activity. 

e. Rents of plant and machinery are very high in man-made disaster areas due to far 

distances and environment. Machinery owners ask for heavy advances. 

f. Logistic chain supply is very lengthy, extremely  un-economical with arduous 

maintenance. Repair and preservation of machinery and plant is highly time 

consuming which impede the progress of the projects. 

g. The consultant teams are not ready to come out of their camps which results in 

affecting decision making at site. There are delays in addressing design and site 

issues primarily due to unavailability of consultant staff. 

h. The availability of working hours  is very less because project activities are 

required to be closed before last light. Neither project teams can start work early 

nor they can work during night due to security reasons. Also a lot of time is 

required by LEAs to clear the area to start the work. 
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i. Requisitioning of troops from military / paramilitary forces is required to protect 

working parties, thus added cost is incurred. Civilian contractors can't  take on 

project at their own risk. 

j. Local population if not supportive can multiply poor performance at project site. 

Owing to the fear of anti-state actors, locals are the great hindrance in project 

activity. They strengthen the narrative of terrorists. Also few of them are the 

informers who support them by providing information of project site. 

k. If one security incident transpired at site, it barricades the progress of the work for 

many days. Many contractors and allied working parties start de-mobilizing  due to 

this happening. 

l. Statistical Data and Comparison  with Model 

 Supply Chain Project Cost   - 1527 Million Rupees 

 Time to complete logistics build up - 15 Months 

 Completion Cost of supply chain  - 2250 Million Rupees 

 Completion Time     - 21 Months 

Out of three cases mentioned above worst case scenario is applicable: 

As per model, cost of the project should be 141 percent (2153 Million) more than 

projects in settled areas whereas time of the project should be 6.7 years 

(2153/1527x15 = 21 Months). 

Cost Variation from Model 

  Planned Cost of supply chain   - 1527Million 

 Completion Cost of supply chain  - 2250 Million  

 Difference in Cost    - 2250 - 1527 = 723 Million 
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       - 147 percent more than  

        actual  cost 

Completion cost as per Model  - 2153 million  

 Worst Environment as per Model  - 141 percent  

 Variation     - 6 percent 

 Time Variation from Model 

  Planned Time for logistic build up - 15months 

 Completion Time    - 20 months  

 Worst Environment as per Model  - 2250/1527x15=22 Months 

 Variation     - 22-20 = 2 months 

 Variation in percentage   - 10 percent variation from  

        Model 

15 % of variation is acceptable 

Model is validated 

m. The difference between planned and completion cost of supply chain in man-

made disaster areas is 147 percent which denotes that completion cost of supply 

chain project  is 147 percent more than the supply chain cost of project 

implemented in settled areas. As per model, the cost difference should be 141 

percent. In actual case study, there is a  cost variation of  6 percent from model 

depicting worst case scenario. Similarly, time variation of logistic build up of case 

study is 10 percent from the model. Fifteen percent variation from model is 

acceptable as discussed earlier. Both time and cost (supply chain performance) 

are within acceptable limits. Therefore model developed is verified and validated. 
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9.6 Summary of Chapter  

This chapter primarily discusses the development of MLRM incorporating various factors 

as discussed in previous chapters, its verification and validation. The verification of 

model was carried out by the degree of dominance / prominence comparison of various 

factors which affect the performance of the project by use of quantitative and qualitative 

approaches by two techniques (Multiple Linear Regression Model and Rule Based 

Decision Support System)  employed in previous chapters. The verification of MLRM is 

also carried out by sensitivity analysis. The validation of MLRM is carried out by using 

two case studies. One case study is taken from natural disaster areas and the other one 

from man-made disaster regions of the world. The model found to be verified and 

validated. 
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CHAPTER 10 

Conclusions and Recommendations  

10.1 Introduction  

The research was carried out to develop a Multiple Linear Regression Model (MLRM) 

and Rule Based Decision Support System (RBDSS) to improve supply chain 

performance of road projects in disaster regions. In this regard, various factors which 

affect supply chain performance of road construction projects were identified by carrying 

out detailed literature review and were incorporated in both models. A bench mark was 

formulated with the reference to supply chain performance of road projects in settled 

areas of the country. The most appropriate research methodology was chosen  in order 

to obtain quality research findings, to attain objectives of research and to respond 

research questions. The approaches used in research were qualitative mixed with 

certainty factor used in expert system (Rule Based Decision Support System) and 

quantitative approach assorted with phenomenal investigative paradigm (Multiple Linear 

Regression Model) which is considered appropriate by number of experts of the field. To 

validate and verify the model, case study methodology  was employed which is effective 

because it permits blend of diverse methods for collection of evidence (qualitative and 

quantitative) and it also explains and explore statements that best describes the 

phenomena.  

10.2 An Overview of Research  

In order to attain the objectives of research study, which explains disaster areas, two 

methodologies were used for collection of data: qualitative data from detailed interviews 

from all stakeholders (suppliers, consultant, client, contractors, local population and 

government administration) by use of package prepared by the researcher in AM 



 

302 
 

Program. The other methodology is quantitative data which was done by distributing 

questionnaire amongst all stakeholders who are responsible for implementing supply 

chain management of road projects in disaster areas of the world. A mixed methodology 

is employed because people prefer to converse  rather to fill a questionnaire. 

The major aim of research study was to investigate the causes which affect the supply 

chain performance of road projects in disaster areas and to develop a model and a 

system which can find out the extent of  effect of these factors on supply chain 

performance. This was done through relevant literature review and opinion of expert 

people who have already involved in supply chain of road projects in these areas. The 

research objectives have already been enunciated in chapter one. 

This research study does not aim at development / theory building; the main objective is 

to review current phenomenon with the context of real life and carrying out survey that is 

to  measure the frequency. The conduct of research was carried out within the bounds of 

Research Ethics Code given by the university. A confidential letter was forwarded to the 

people (interviewees) to educate them about the purpose of the research study, 

confidentiality of data and the time of interview. The study data was received from two 

hundred and fifty six questionnaires which were forwarded to six groups of people which 

includes supplier companies, contractor companies, consultants firms, clients / sponsors, 

people from local areas and government officials. First three out of them are accountable 

for carrying out the supply chain performance of road projects within stipulated time and 

cost in disaster areas. In the second pronged approach, data was collected from fifty two 

interviews conducted for expert people who have actually worked in disaster areas by 

using MYCIN approach (certainty factor) and expert system (AM program).  

The collected data received through questionnaire is processed in SPSS and data 

received by interviews is reviewed by thematic analysis.  The data analysis process will 
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help in establishing relationship between various variables. Potency of each association  

amongst variables in tangible form is given in the form of mathematical linear equation.  

It assists in identification of amount of prominence of each variable separately. This 

research is significant because it is novel  as carried out for the first time. It will contribute 

reforms in the management plans of the supply chain project managers working in 

disaster areas of the world. There are few points which will help in improving supply 

chain performance of the road projects:- 

a. Incessant identification of bottlenecks which contributes towards low production of 

supply chain management of road projects are required. 

b. The weights of mentioned bottleneck are required to be assessed correctly. There 

is a need to follow systematic techniques of data collection and its accurate 

analysis.  

c. Use of multiple linear equation (Model) to compute supply chain performance of 

road projects. The percentages so received will act as an estimation bench marks 

of any supply chain management of road project which is to be implemented in 

disaster areas of the world. 

d. Then the supply chain performance of the project can be improved by alleviating 

the effects of each factor and constraint / bottle neck. 

e. This research will fill the knowledge gap which was missing before this study. 

10.3 Research Objectives Review  and Answers to Research Questions  

In this study, research questions formulated in chapter one were answered and 

objectives of study are achieved. The overall research aim was to develop a Multilinear 

Regression Model (MLRM) and Rule Based Decision System (RBDSS) to improve 

supply chain performance of road projects in disaster regions. In this regard, factors were 
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examined which contributes towards the low production of supply chain performance of 

road projects in disaster areas with the view to improve performance of the supply chain 

management. The aim of the research has been fulfilled efficiently and effectively by 

accomplishing the following objectives of research:- 

10.3.1 Achieving Research Objective "a"  

The objective "a" indicates: "To carry out contemporary literature review about dynamics 

of disaster areas including natural (earthquakes, Tsunami, floods, volcanoes etc) and 

human induced (terrorism and insurgencies) which affect supply chain performance of 

road projects globally." 

This objective was achieved by carrying out detailed literature review . The impact of 

various factors on supply chain management of road projects in disaster areas are 

covered in detail in chapter three. The environmental uncertainties including strategic, 

operational and tactical in the ambit of terrorism / insurgency and disaster areas, 

uncertainties in demand and supply, infrastructural situational factor, socio-economic 

situational factor, political / governmental situational factor, communication technology 

factor and organizational internal factors are elucidated in length. An account of variables 

which form an environment and their effects on supply chain performance of the project 

was taken. All important factors which has great influence on the implementation of 

supply chain management of infrastructure projects are discussed in detail. In  chapter 

5,variables are extracted by use of  fishbone diagram and their relationship with each 

other is derived in casual loop diagram. The factors taken out from literature review 

underpinned the knowledge by helping the researcher to understand the environment 

along with other important factors of supply chain management and  resultantly to 

formulate a questionnaire of thirty six questions and  the protocol of semi structured 

interviews. The research question "a" �Ẃhat are the causes (factors/ variables) of 
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underperforming SCM of road projects in disaster regions of the world?" is related to 

research objective one. So it is also answered. 

10.3.2 Achieving Rese arch Objective  "b"  

The research objective "b" indicates: �´�7�R�� �F�D�U�U�\�� �R�X�W�� �W�K�H�� �O�L�W�H�U�D�W�X�U�H�� �U�H�Y�L�H�Z�� �D�E�R�X�W�� �D�U�W�L�I�L�F�L�D�O��

intelligence with emphasis on backward chaining expert system using uncertainty factor. 

This knowledge will help in developing a Rule Based Decision Support System (RBDSS) 

to assess and improve the influence of various factors on supply chain performance of 

road construction projects in disaster regions."    

A detailed literature review of artificial intelligence was carried out in chapter 3. Different 

techniques and systems were discussed to find the suitable expert system which can 

give an solution to the improve the supply chain performance of the road projects in the 

disaster areas. An expert system using Artificial Management Program was decided to 

develop. This system incorporated backward chaining by employing uncertainty factor. 

Finally the development stage of the expert system was carried out in chapter 8.  

10.3.3 Achieving Research Objective  "c"  

The research objective "c" indicates: "To design and implement survey to collect data 

and information by developing, distributing and analyzing questionnaire using various 

variables influencing SCM of road construction projects obtained from detailed literature 

�U�H�Y�L�H�Z���D�Q�G���L�Q�W�H�U�Y�L�H�Z�V���R�I���H�[�S�H�U�W�V���I�U�R�P���G�L�V�D�V�W�H�U���D�U�H�D�V���´ 

A questionnaire was designed / prepared by incorporating various factors which were 

identified in chapter 2 and extracted in chapter 5. The questionnaire so prepared was 

validated and verified by distributing initially to few expert individuals out of sample 

population and then the collected data is processed using Principle Component Analysis. 

After validation, the questionnaire was then distributed to sample population (amongst 
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people who have actually worked in disaster areas). The data was collected through this 

questionnaire to process for multiple variant analysis. Interviews of experts was carried 

out and same was processed in package prepared by researcher. This above mentioned 

objective is achieved in chapter four, five and eight. 

 10.3.4 Achieving Research Objective  "d"  

The research objective "d" indicates: "To develop a Multiple Linear Regression Model 

(MLRM) using SPSS by processing and analyzing data received from questionnaire 

studies and interviews (multivariate analysis).  The purpose is to asses and improve the 

components of SCM thereby improving construction industry performance in road 

projects in disaster regions. This model will measure the influence of factors affecting 

supply chain performance of road construction in the order of dominance." 

To achieve above objective, quantitative approach of research was employed. Data 

collection was carried out by structured questionnaire survey which was achieved by 

development, implementation and validation of survey in chapter 6. The data was  

analysed by use of multi-variant analysis (SPSS Package). The relationship between 

various factors were established.  A multiple linear regression model was then developed 

which incorporated all factors which affect supply chain performance of road projects in 

disaster areas of the world in chapter 9. The question "b" "How the identified variables 

effect performance (time and cost) of supply chain of road projects in catastrophic 

regions?" was also answered while achieving this objective. 

10.3.5 Achieving Research Objective  "e"  

The research objective "e" indicates: "To develop Rule Based Decision Support System 

(RBDSS) using Artificial Management (AM) Software  by developing knowledge rules 

incorporating various factors obtained from detailed literature review. The purpose of this 

expert system is to asses and improve the components of SCM of road construction 
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projects. This model will measure the influence of factors affecting supply chain 

performance of road construction in the order of prominence.� ́

To achieve above objective, qualitative research approach was employed. A rule based 

backward chaining expert system was developed by incorporating various variable which 

affect supply chain performance of road projects  in chapter 8. The  evaluation of data 

was carried out  by conducting interviews and its processing by use of confidence factor 

(MYCIN approach). The degree of importance of each variable was found out.   

10.3.6 Achieving Research Objective  "f"  

The research objective "f" indicates: �´�7�R�� �F�R�P�S�D�U�H�� �W�K�H�� �U�H�V�X�O�W�V�� �R�I�� �0�X�O�W�L�S�O�H�� �/�L�Q�H�D�U��

Regression Model (MLRM) with the results of Rule Based Decision System (RBDSS) in 

order to verify both models. The results are the effects of various factors on supply chain 

performance of road construction projects in disaster areas in the order of prominence." 

The comparison of both methodologies was carried out in order to verify the MLRM and 

RBDSS. To achieve this objective weight-ages calculated from each methodology were 

compared and final importance of various factors were calculated. The difference 

between both methodologies is very less. However, the weight-ages calculated from 

SPSS are considered as the final. The degree of prominence of major factors and sub-

factors is allotted in its own category. 

10.3.7 Achieving Research Objective  "g"  

The research objective "g" indicates: "To asses and evaluate supply chain performance 

of road construction projects by applying Multiple Linear Regression Model (MLRM) on 

two case studies (one on natural disasters and other on man-made disaster) across the 

globe to validate the model." 
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In substantive domain, it is considered that practical application of the model is the crux 

of any research study. The MLRM can be applied on any supply chain project  of road 

construction that is being executed in disaster areas. The MLRM was applied on two 

case study - Pakistan earthquake on 8 Oct 2005 and Road Construction Kabul - 

Jalalababad in Afghanistan. It was validated and verified in chapter nine because the 

variation of statistical data was well within limits. The variation of the projects was less 

than fifteen percent (within limit). Hence the model is validated. The question "c" "Are the 

underperforming causal effects of disaster areas on supply chain performance of road 

projects comparable with other similar constructions which are being carried out in the 

similar environments?" is answered while achieving this objective. 

10.3.8 Achieving Research Objective "h"  

The research objective "h" indicates: �T́o recommend  guidelines for project / supply 

chain stakeholders to plan and improve supply chain management of road construction 

projects in disaster regions in the light of MLRM and RBDSS." 

The implications of MLRM are to improve the productivity of supply chain of infrastructure 

development projects in disaster areas which are given in chapter ten. The project 

managers will imply this model during estimation and initial planning. Afterwards, 

reduction in the effects of variables will help in improving and improving the productivity 

of the projects. Measures at strategic, operational and tactical levels will be required. The 

question "d" "How the improved performance of SCM of road projects be achieved in 

disastrous regions?" is answered while achieving this objective.  The question five "e" 

"What can be the standard benchmark which can act as leading catalyst in SCM related 

to road projects to plan future projects in disaster areas?" is also answered in this 

chapter.  

  



 

309 
 

10.3.9 Achieving Research Objective "i"  

The research objective "i" indicates: "To provide recommendations for future work on 

MLRM and RBDSS by developing Knowledge Based (KB) system which incorporates 

those factors which have not been included." 

This objective is achieved in the current chapter. For future work, it was suggested to 

incorporate all those factors which are the impediments in the performance of supply 

chain of the road projects in settled areas along with those which are implied in disaster 

areas. The question "e"  "What can be the standard benchmark which can act as leading 

catalyst in SCM related to road projects to plan future projects in disaster areas?" is 

answered in this chapter. 

10.4 An Overview of Research Methodology  

Two research techniques were employed as discussed earlier: quantitative technique, 

the collection of data was carried out through questionnaire and then processed in SPSS 

package. Afterwards, data was analyzed by use of multiple variant analysis (qualifying 

and concluded). Hypothesis were developed and regression / correlation equations were 

established between dependent factors and independent variables. The degree of 

importance is identified through equation showing relationship between various 

variables. 

The other technique is qualitative: Insight about the topic was gathered by conducting 

interviews and processing of data in a package prepared by researcher in Expert System 

(AM) using confidence factor (MYCIN approach). The assigning of weight to each factor 

by expert depends upon his judgment. The weight (prominence) of major factor is 

obtained by taking mean of weights assigned to sub factors by each respondent. 

Package will calculate final weights of each major variable. 
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The data analyzed by two approaches (Multiple Pronged Analysis) is compared and then 

adjustments are made. The weights of various factors received from data analysis 

through SPSS is taken as conclusive. After comparison, absolute weights are found out. 

Final Multiple Linear Regression Model is given by SPSS Package through multiple 

regression analysis which denotes the association between major factors and 

performance of the supply chain projects (overruns - time / cost).  

10.5  Multiple  Linear  Regression  Model  

The purpose of research study is to develop a Multiple Linear Regression Model (MLRM) 

and Rule Based Decision Support System (RBDSS) to improve supply chain 

performance of road projects in disaster regions. In this regard, various factors which 

affect supply chain performance of road construction projects were identified by carrying 

out detailed literature review and were incorporated in both models. The MLRM 

assesses the extent of effects of various factors on supply chain performance of road 

projects in disaster areas of the world. This MLRM is the new contribution to the 

knowledge.  

 Y =.212A+.208B +.228C+ .204 D +.202E+ .182F+ .181G (Model) 

 Where   A is Environmental Uncertainties 

    B is Uncertainties in Demand and Supply 

    C is Infrastructural Situational Factor 

    D is Socio-Economic Situational Factor 

    E is Communication and Technology Factor 

    F is Political/ Governmental Situational Factor 

    G is Organizational Situational Factor 

The relationship amongst various factors both independent and dependent are well 

defined in above model / equation. The infrastructural situational factor has the highest 

coefficient which means that this factor has the strongest association with the supply 
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chain performance of the road projects. Similarly, coefficients with other factors define 

the extent of association. 

10.6 Research Limitation s 

Research limitations are the constraints which limit improved results of the study. The 

current study is not exception to this, however these limitations did not have negative 

impacts on the outcomes of the research as these were considered when interpretation 

was carried out. It is imperative for the researchers to consider these limitations when 

they have to design future research. Few limitations of the current study are given as 

under:- 

a. Very few papers were available close to the topic "supply chain management of 

construction projects in disaster areas of the world". Separate papers are 

available for performance of supply chain management, infrastructure road 

projects and disaster areas of the world. Very few papers are available to explain 

the relationship amongst these. Limited measurements (scales) were obtainable 

which can ascertain cause and effect study for assessment of relationships 

between two categories of variables. However, cause and effect association was 

well established between the supply chain performance of the road projects and 

selected variables. 

b. This study was conducted in seven major countries where they have encountered 

disasters both natural and man-made(contested control of insurgents and Law 

Enforcing Agencies). Collection of data was an arduous task and it was not 

feasible to visit every place. Therefore, it was done through emails and video 

calls. For more accurate information, one to one interaction would have been 

more appropriate. 
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c. Mostly people who have participated in interview sessions have actually 

implemented projects in disaster areas of the world. A few individuals have been 

holding top management positions and some have been actively participating in 

the execution of supply chain of road projects as active members of project teams. 

Accurate and precise information may not be expected from interviewees owing to 

their knowledge and experience of different projects in different scenarios. In 

actual, expression of personal views about environment by these participants in 

which they have been working is the limitation of this methodology. 

10.7 Knowledge Contributions of Research Study  

The development of Multiple Linear Regression Model and Rule Based Decision Support 

System incorporating all factors which affect supply chain performance of road projects 

in disaster areas of the world is the most important contribution to the knowledge by 

academia and supply chain industry. The research study  was chosen due to increased 

trends of natural disasters due to climate change and man-made disasters due to 

insurgencies and terrorism in the world after nine eleven and then realization of 

development phase after relief operations / launching softer prong /  to carryout 

development projects in these areas after post operation by law enforcing agencies. The 

studies carried out previously shows poor performances of supply chain of road projects 

in settled areas only. These lack identification of real causes of bad performances of 

supply chain operations of development projects in disaster areas of the world. This gap 

in the knowledge affects supply chain performance of development projects in many 

countries of the world. Thus, the aim of the study was to identify various variables and 

their degree of importance with view to suggest measures so that the effects of 

mentioned variables can be minimized.  
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This research significantly contributed to this topic. This is the first ever study conducted 

to figure out the root causes of overruns (time and cost) of supply chain in disaster areas. 

It is considered that this study will help in improving the present supply chain 

management skills / practices in disaster areas and also fill the knowledge gaps. A 

theoretical knowledge in the field of engineering management in disaster areas by 

suggesting a  model is the most vital contribution of this research study. The significant 

contributions to project management knowledge in three major areas are as follows:- 

10.7.1 Contributions of Research Study in Academics  

The significance and novelty of this research is the methodology developed that is the 

integration of those different methods which will be used to assess supply chain 

performance of road projects in disaster areas. Thorough understanding of engineering 

management practices in disaster areas is the contribution in academics. The in-depth 

literature review of disaster areas disclosed the need of more pragmatic research on 

project management skills. This study will connect earlier conducted studies and 

prospective  research on root causes of time and cost overruns of supply chain 

management of road development projects in settled areas and disaster areas. 

This study is novel as it developed a performance model which can calculate the actual 

completion time and cost of the projects being executed in disaster areas of the world.  

This research may be a step to build a theory in relation to causes of supply chain project 

overruns in the field of  road construction. To address issues related to identify problems 

with supply chain performances laid down a groundwork by this research. It is highly 

recommended to conduct more pragmatic work to expand knowledge on the subject in 

future.    
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10.7.2 Contributions of Research Study in Practical Applications  

Another important contribution, is the application of methodology on different kind of road 

projects being executed in the similar type of environment. Its applicability can be 

extended to many different industrial applications. In this study, important guidelines 

have been provided for stakeholders to execute supply chain projects effectively and 

efficiently.  Application of this model and system not only helps the supply chain 

managers during planning stage but also during implementation stage. During planning 

phase, it will help the managers to estimate the supply chain projects (cost and time) 

keeping in view all the factors affecting the performance. During implementation phase, it 

is a guide for the managers to minimize the effects of factors which contributes towards 

less production.  

The study also provides true methodology for data collection and then its analysis. The 

better understanding of disaster areas help the practitioners to effectively approach any 

change in prevalent project management practices.    

10.7.3 Contributions of Research Study in Managerial Appl ications  

This study has very vital implications for all level management. The research helps in 

identification of critical factors which can endanger the successful completion of the 

supply chain project. The managers can improve the performance of the supply chain by 

minimizing the effects of above mentioned factors. Multiple Linear Regression Model 

also helps the managers to assess more practical cost and time. Following 

improvements in management can be deduced from model in addition to those 

discussed earlier in chapter nine:- 

a. Well suited composition for supply chain implementation in disaster areas 

constitutes both public and private elements due to uncertain environment. 
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b. Casualties at project site effect supply chain performance and also dictates 

insurances of persons, plant / equipment and material. 

c. To respect local culture and norms is mandatory for every member of supply chain 

and project team which results in low efficiency of the project. 

d. Decisions at site are implemented with the consent of the locals which contributes 

more cost and more time. 

e. Work stops at site due to minor issues with local population (verbal distaste). By 

incorporating local population, these issues can be avoided. 

f. To meet timelines, multiple linear regression model is required to be implemented. 

Else, revision of plans will continue till end of the project.  

 10.8 Conclusions of Study  

This study aims at presenting multiple linear regression model to ascertain the supply 

chain performances of the road project in disaster areas of the world. Model incorporated 

attributes of various disastrous countries of the world. Conclusions drawn from the study 

and model are given in ensuing paragraphs:-  

10.8.1 Conclusions from Primary Factors  Affecting Supply Chain Performance   

a. Infrastructural situational factor has positive and very strong association with 

supply chain performance of road projects in the disaster regions. It is the most 

important primary factor which has value of Pearson Correlation equals to 0.895, 

significance of R square is equal to 0.8 and regression / correlation equation is 

Y=1.05 + .706*X. 

b. Uncertainties in demand and supply  has positive and very strong association with 

supply chain performance of road projects in the disaster regions. It is second 
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most important primary factor which has value of Pearson Correlation equals to 

0.801, significance of R square is equal to 0.641 and regression / correlation 

equation is Y=1.67 + .561*X. 

c. Environmental Uncertainties  has positive and very strong association with supply 

chain performance of road projects in the disaster regions. It is third most 

important primary factor which has value of Pearson Correlation equals to 0.864, 

significance of R square is equal to 0.747 and regression / correlation equation is 

Y=2.66 + .3*X. 

d. Communication and technology factor has positive and very strong association 

with supply chain performance of road projects in the disaster regions. It is fourth 

important primary factor which has value of Pearson Correlation equals to 0.715, 

significance of R square is equal to 0.511 and regression / correlation equation is 

Y=2.04+ 0.491*X. 

e. Socio-economic  situational factor has positive and very strong association with 

supply chain performance of road projects in the disaster regions. It is fifth 

important primary factor which has value of Pearson Correlation equals to 0.700, 

significance of R square is equal to 0.488 and regression / correlation equation is 

Y=1.685 + .549*X. 

f. Government / political situational factor has positive and very strong association 

with supply chain performance of road projects in the disaster regions. It is sixth 

important primary factor which has value of Pearson Correlation equals to 0.496, 

significance of R square is equal to 0.246 and regression / correlation equation is 

Y=2.602+ 0.341*X . 

g. Organizational situational factor has positive and very strong association with 

supply chain performance of road projects in the disaster regions. It is seventh 
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important primary factor which has value of Pearson Correlation equals to 0.466, 

significance of R square is equal to 0.217 and regression / correlation equation is 

Y=2.69+ .315*X. 

10.8.2 Conclusions from Secondary  Factors  Affecting Supply Chain Performance  

a. Suspension of supplies due to day to day casualties has very strong and positive 

association with the supply chain performance of road projects in disaster areas. 

This sub factor is the most important and dominant among all factors. The value of 

Pearson Correlation is 0.707. R square value comes to be 0.50. The regression / 

correlation equation is Y=2.59 + 0.31*X. 

b. Mismatch between raw material, work in process and finished productfactor has 

very strong and positive association with the supply chain performance of road 

projects in disaster areas. This sub factor is second most important and dominant 

factor. The value of Pearson Correlation is 0.712. R square value comes to be 

0.507. The regression / correlation equation is Y=2.472 + .358*X.  

c. Disconnection of transportation �± raw material to warehouse and final product to 

project site factor has very strong and positive association with the supply chain 

performance of road projects in disaster areas. This sub factor is third most 

important and dominant factor. The value of Pearson Correlation is 0.707. R 

square value comes to be 0.500. The regression / correlation equation is Y=2.588 

+0.310*X. 

d. Interrupted supplies chain due to insecure environment factor has very strong and 

positive association with the supply chain performance of road projects in disaster 

areas. This sub factor is fourth most important and dominant factor. The value of 

Pearson Correlation is 0.688. R square value comes to be 0.473. The regression / 

correlation equation is Y=2.43+0.336*X. 
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e. Miscalculation of transport for movement of materials and supplies factor has very 

strong and positive association with the supply chain performance of road projects 

in disaster areas. This sub factor is fifth most important and dominant factor. The 

value of Pearson Correlation is 0.688. R square value comes to be 0.473. The 

regression / correlation equation is Y=2.43+0.33*X. 

f. Sabotage activities by local population at warehouses factor has very strong and 

positive association with the supply chain performance of road projects in disaster 

areas. This sub factor is sixth most important and dominant factor. The value of 

Pearson Correlation is 0.68. R square value comes to be 0.463. The regression / 

correlation equation is Y=2.65 + .312*X. 

g. Limited choice of outsourced transport companies factor has very strong and 

positive association with the supply chain performance of road projects in disaster 

areas. This sub factor is seventh most important and dominant factor. The value 

of Pearson Correlation is 0.68. R square value comes to be 0.463. The regression 

/ correlation equation is Y=2.65 + .312*X. 

h. Fluctuating market economy factor has very strong and positive association with 

the supply chain performance of road projects in disaster areas. This sub factor is 

eighth most important and dominant factor. The value of Pearson Correlation is 

0.613. R square value comes to be 0.376. The regression / correlation equation is 

Y=2.623 + 0.319*X. 

i. Lack of communication tools factor has very strong and positive association with 

the supply chain performance of road projects in disaster areas. This sub factor is 

ninth most important and dominant factor. The value of Pearson Correlation is 

0.609. R square value comes to be 0.370. The regression / correlation equation is 

Y=2.63+ .137*X. 
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j. Non Utilization of material stock at project site factor has very strong and positive 

association with the supply chain performance of road projects in disaster areas. 

This sub factor is tenth most important and dominant factor. The value of Pearson 

Correlation is 0.597. R square value comes to be 0.357. The regression / 

correlation equation is Y=2.79 + .273*X. 

k. Re-contracts due to abandoning of work by outsourced suppliers factor has very 

strong and positive association with the supply chain performance of road projects 

in disaster areas. This sub factor is eleventh most important and dominant factor. 

The value of Pearson Correlation is 0.584. R square value comes to be 0.341. 

The regression / correlation equation is Y=2.45 + .336*X. 

l. Inefficient and stereotype transport system factor has very strong and positive 

association with the supply chain performance of road projects in disaster areas. 

This sub factor is twelfth most important and dominant factor. The value of 

Pearson Correlation is 0.584. R square value comes to be 0.341. The regression / 

correlation equation is Y=2.45 + .336*X. 

m. Longer Lead Times of supplies factor has very strong and positive association 

with the supply chain performance of road projects in disaster areas. This sub 

factor is thirteen most important and dominant factor. The value of Pearson 

Correlation is 0.582. R square value comes to be 0.339. The regression / 

correlation equation is Y=2.852 + .265*X. 

n. Imbalance between inventory maintenance, economies of scale and lead time 

factor has very strong and positive association with the supply chain performance 

of road projects in disaster areas. This sub factor is fourteen most important and 

dominant factor. The value of Pearson Correlation is 0.565. R square value comes 

to be 0.319. The regression / correlation equation is Y=2.788 + .26*X. 
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o. Non-existence of Forecast logistics management planning due to lack of 

communication factor has very strong and positive association with the supply 

chain performance of road projects in disaster areas. This sub factor is fifteenth 

most important and dominant factor. The value of Pearson Correlation is 0.515. R 

square value comes to be 0.266. The regression / correlation equation is Y=2.86+ 

.268*X. 

p. Lack of planning tools factor has very strong and positive association with the 

supply chain performance of road projects in disaster areas. This sub factor is 

sixteenth most important and dominant factor. The value of Pearson Correlation is 

0.513. R square value comes to be 0.263. The regression / correlation equation is 

Y=2.77 + .279*X. 

q. Insufficient warehouse due to lack of historical data factor has very strong and 

positive association with the supply chain performance of road projects in disaster 

areas. This sub factor is seventeenth most important and dominant factor. The 

value of Pearson Correlation is 0.506. R square value comes to be 0.256. The 

regression / correlation equation is Y=2.71 + 0.297*X. 

r. Exaggerated higher rates of transportation from distribution points to project sites 

factor has very strong and positive association with the supply chain performance 

of road projects in disaster areas. This sub factor is eighteenth most important and 

dominant factor. The value of Pearson Correlation is 0.506. R square value comes 

to be 0.256. The regression / correlation equation is Y=2.71 + 0.297*X. 

s. Non-presence of local suppliers factor has very strong and positive association 

with the supply chain performance of road projects in disaster areas. This sub 

factor is nineteenth most important and dominant factor. The value of Pearson 
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Correlation is 0.481. R square value comes to be 0.231. The regression / 

correlation equation is Y=2.91+0.232*X. 

t. Lack of information within project teams factor has very strong and positive 

association with the supply chain performance of road projects in disaster areas. 

This sub factor is twenty  most important and dominant factor. The value of 

Pearson Correlation is 0.462. R square value comes to be 0.214. The regression / 

correlation equation is  Y=3. 175+ .188*X. 

u. Daily demand of project teams not met factor has very strong and positive 

association with the supply chain performance of road projects in disaster areas. 

This sub factor is twenty first  most important and dominant factor. The value of 

Pearson Correlation is 0.433. R square value comes to be 0.188. The regression / 

correlation equation is Y=3.261 + .17*X. 

v. Lack of Government administration involvement factor has very strong and 

positive association with the supply chain performance of road projects in disaster 

areas. This sub factor is twenty second most important and dominant factor. The 

value of Pearson Correlation is 0.389. R square value comes to be 0.151. The 

regression / correlation equation is Y=3.299 + .158*X. 

w. Lack of information regarding change in demand, forecasting, inventory and 

transportation factor has very strong and positive association with the supply 

chain performance of road projects in disaster areas. This sub factor is twenty 

third most important and dominant factor. The value of Pearson Correlation is 

0.373. R square value comes to be 0.139. The regression / correlation equation is 

Y=3.29+0.154*X. 

x. Lack of local community support factor has very strong and positive association 

with the supply chain performance of road projects in disaster areas. This sub 
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factor is twenty four most important and dominant factor. The value of Pearson 

Correlation is 0.346. R square value comes to be 0.119. The regression / 

correlation equation is Y=3.047 + .191*X. 

y. Disproportionate storage of products due to errors in quick estimates factor has 

very strong and positive association with the supply chain performance of road 

projects in disaster areas. This sub factor is twenty five most important and 

dominant factor. The value of Pearson Correlation is 0.343. R square value comes 

to be 0.118. The regression / correlation equation is Y=3.271 +0.155*X. 

z. Non-Collaboration amongst project teams and suppliers factor has very strong 

and positive association with the supply chain performance of road projects in 

disaster areas. This sub factor is twenty six most important and dominant factor. 

The value of Pearson Correlation is 0.343. R square value comes to be 0.118. 

The regression / correlation equation is Y=3.271 +0.155*X. 

aa. Lack of proficient supply chain managers factor has very strong and positive 

association with the supply chain performance of road projects in disaster areas. 

This sub factor is twenty seventh most important and dominant factor. The value 

of Pearson Correlation is 0.343. R square value comes to be 0.118. The 

regression / correlation equation is Y=3.271 +0.155*X. 

bb. Conflict between local and outsider suppliers due to undue local demands factor 

has very strong and positive association with the supply chain performance of 

road projects in disaster areas. This sub factor is twenty eighth most important 

and dominant factor. The value of Pearson Correlation is 0.334. R square value 

comes to be 0.112. The regression / correlation equation is Y=3.326 + .145*X. 

cc. National Regulations towards suppliers and project stakeholders factor has very 

strong and positive association with the supply chain performance of road projects 
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in disaster areas. This sub factor is twenty ninth most important and dominant 

factor. The value of Pearson Correlation is 0.331. R square value comes to be 

0.109. The regression / correlation equation is Y=3. 372+ .135*X. 

dd. Untimely mobilization of resources factor has very strong and positive association 

with the supply chain performance of road projects in disaster areas. This sub 

factor is thirty important and dominant factor. The value of Pearson Correlation is 

0.325. R square value comes to be 0.106. The regression / correlation equation is 

Y=3.314 + .146*X. 

ee. Fragile regime factor has very strong and positive association with the supply 

chain performance of road projects in disaster areas. This sub factor is thirty first 

important and dominant factor. The value of Pearson Correlation is 0.312. R 

square value comes to be 0.097. The regression / correlation equation is Y=3.199 

+0.177*X. 

ff. Non existence of government policy to facilitate suppliers factor has very strong 

and positive association with the supply chain performance of road projects in 

disaster areas. This sub factor is thirty second important and dominant factor. The 

value of Pearson Correlation is 0.312. R square value comes to be 0.097. The 

regression / correlation equation is Y=3.199 +0.177*X. 

gg. High Level of corruption factor has very strong and positive association with the 

supply chain performance of road projects in disaster areas. This sub factor is 

thirty third important and dominant factor. The value of Pearson Correlation is 

0.306. R square value comes to be 0.094. The regression / correlation equation is 

Y=3.432 + .122*X. 

hh. Unrealistic planning due to incomplete and inaccurate data factor has very strong 

and positive association with the supply chain performance of road projects in 
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disaster areas. This sub factor is thirty four important and dominant factor. The 

value of Pearson Correlation is 0.302. R square value comes to be 0.091. The 

regression / correlation equation is Y=3.38+0.127*X. 

ii. Lack of political will to function supply chain management factor has very weak 

and positive association with the supply chain performance of road projects in 

disaster areas. This sub factor is thirty fifth in number. The value of Pearson 

Correlation is 0.174. R square value comes to be 0.091. The regression / 

correlation equation is Y=3.365 + .13*X . 

jj. Difficulty in flow of material from one point to another due to poor transport 

network factor has very weak and positive association with the supply chain 

performance of road projects in disaster areas. This sub factor is thirty sixth in 

number. The value of Pearson Correlation is 0.174. R square value comes to be 

0.030. The regression / correlation equation is Y=3.592 + 0.073*. 

10.9 Recommendations - Strategy to Improve Supply Chain Performance of Road 

Projects  

To execute supply chain management of road projects successfully, it is important to 

analyze and assess varying factors which effect performance of the road projects in 

disaster areas of the world. Major factors which constitute the effects of  sub factors has 

already been discussed.  

a. Infrastructural situational factor is the first most prominent factor which affect 

performance of supply chain of road projects in disaster areas of the world. It has 

very strong and positive association with cost and time of supply chain operations. 

Relief operations are the first step after disaster has happened. During disasters, 

the critical infrastructure should remain operational because safety, health and 

community prosperity depends on communication. Similarly, the supply chain of 
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road projects in disaster areas depends upon infrastructural situational factor. This 

recommendation is directed to the project managers and the client. There is 

requirement to have collaborative efforts between government, public and private 

owners to keep the communication infrastructure operational by project managers. 

The prime responsibility lies on the  government. There is a requirement to have a 

strategy to build resilience which can limit the disruption of supplies required for 

road construction in disaster areas by founding strong partnership between 

government and the industry sector. The prioritized key points of this strategy 

are:- 

1) To develop a resilience model which is in line with widening range of 

disasters, disruptions and crisis happening. 

2) A method  to assess and evaluate the criticality and value of structure. 

3) There should be strong partnership between government and construction 

industry. 

4) There should be clear role and responsibilities of all sectors. 

5) There should be consistent and flexible risk management plans. 

b. Second major prominent factor that is environmental uncertainties which has very 

positive and strong association with the performance of supply chain management 

of the road project (both time and cost). This recommendation is directed to 

project and supply chain managers. It implies that if environment at start of supply 

chain till the end ie project site if made suitable and favourable, there will be a 

significant decrease in the overruns both time and cost of supply chain. At 

strategic domain, environment can be made favourable for the supply chain of 

road projects, if the government institutions play its role, may be by use of 
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Government machinery and force or by carrying out relief operations and re-

construction works through own or non-governmental organizations or by other 

political means. At national level, there is a dire need to respond to all disaster 

threats including internal and external which de-stabilizes the chunk of the 

country.  Pakistan has been facing the menace of natural disasters like floods and 

earthquakes and man-made disasters including terrorism since nine eleven. A 

National Disaster Management Authority (NDMA) was established after 8 Oct 

2005 earthquake and National Action Plan was agreed upon by all political parties 

and is now being implemented to minimize the effects of terrorism. The road 

projects in disaster areas are to be implemented under military umbrella. Ideally, 

post relief operations and post military operation is the best time to undertake road 

projects in the area. Supply Chain Management teams which are heterogeneous 

in nature including both military and civilian people are proved to be the best 

performers for infrastructure development projects. The homogeneous supply 

chain teams are not able to perform better. The environment is merger  of four 

secondary factors which are  suspension of supplies due to day to day casualties 

in disaster areas, interrupted supplies chain due to insecure environment,  Re-

contracts due to abandoning of work by outsourced suppliers and sabotage 

activities by local population at warehouses. If mentioned factors are condensed 

and its effects are minimized, virtually more favourable environment can be 

provided for development projects. 

c. Uncertainties in demand and supply factors is the third most prominent factor. 

This recommendation is directed to the supply chain managers and the project 

managers. It has strong positive association with the supply chain performance of 

the road projects in disaster areas of the world. The uncertainties may include 

greater lead times due to poor communication infrastructure, capacity requirement 
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which may lead using multiple suppliers,  increase in the variety of the products, 

increase in the modularity of products, impromptu break downs of plant and 

machinery, shortage of warehouses to maintain inventory and use of components 

which are common etc. Most of the planning systems for management of supply 

chain of road projects in disaster areas are deterministic. Stochastic model 

presented in this research have potential for its practical implication.  The 

uncertainties in demand and supply are primarily due to insufficient warehouse 

due to lack of historical data , disproportionate storage of products due to errors in 

quick estimates, longer lead times of supplies, non utilization of material stock at 

project site, mismatch between raw material, work in process and finished product 

and imbalance between inventory maintenance, economies of scale and lead 

time. If these factors are improved the uncertainties in demand and supply can be 

reduced. 

d. Communication and technology is the fourth most prominent factor. This 

recommendation is directed towards supply chain and the project managers and 

directors.  It has strong positive relationship with the performance of supply chain 

in disaster areas of the world. Owing to the lack of information regarding change 

in demand, forecasting, inventory and transportation, logistics and supply chain of 

the projects is affected which affects the overall performance of road projects. The 

information regarding supply chain within project teams is very bleak therefore 

daily demands of the projects are not met. In disaster areas, there is very less 

communication tools, therefore information from one end to the other end can't be 

reached. Lack of planning tools to plan supply chain of road projects and non-

existence of forecast logistics management planning due to lack of communication 

is also one of the major contributors of poor supply chain management. The 

affects of  factors mentioned above, if minimized will improve the supply chain 
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performance of the projects being implemented in disaster areas. Timely 

dissemination of information from one end to another end can save a lot of cost 

and time of supply chain. There is a need to establish a database and 

management system for information which will assist to identify varying factors 

and then inform various types of management decisions which are related to 

supply chain management in disaster areas.  

e. Socio-economic situational factor is the next prominent factor which has very 

positive and strong association with performance of supply chain of the road 

projects. This recommendation is directed towards project managers. 

Understanding of social and cultural values including their religious teachings 

about which they are highly sensitive, of the local people will help in improving the 

implementation stage of the supply chain. Before mobilizing project teams at site, 

familiarization about dynamics of the area and the people by each member should 

be carried out in depth. Close liaise with well known elders and the influential 

locals is very vital for smooth functioning of the projects. Winning minds and the 

hearts of the population campaigns, will softening up the environment in which 

project teams will be operating. These campaigns may include managing minor 

demands of the locals, establishment of free medical treatment camps and 

respecting the  local culture. Economy of disaster areas is also the prominent 

variable which effect the supply chain performance of infrastructure development 

projects. It is the bounden responsibility of every government to bring these areas 

at par with rest of the country. There is an immediate need to improve the plight of 

people living in disaster areas by providing them with equal opportunities. Political 

reforms are required to be made to restore the economic conditions of the local 

populace. Better logistic chain management is basic need of the construction 

projects so that plant / machinery and construction material can be made available 
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in time. Skilled people can be hired by paying them better salaries. Skilled sublet 

contractors can be motivated by good rates and better payment schedule. 

f. Political and government situational factor is the next most prominent factor. This 

factor is directed to project directors and managers. It has strong positive 

relationship with performance of supply chain of project. The fragile regime, non-

existence of national regulations towards suppliers and project stakeholders, lack 

of government administration involvement, high level of corruption, lack of political 

will to function supply chain management and non- existence of government 

policy to facilitate suppliers are the sub-factor of Political and Government 

situational factor. By minimizing  effects of above factors will definitely contribute 

towards the betterment of the supply chain of project. Government administration 

if sort out many issues which are the bottle necks towards  better productivity of 

supply chain of the projects will bring rich dividends. Timely decisions by political 

administration will save a lot of cost and time of supply chain during the course of 

implementation. 

g. Organizational Internal Factors is the last most prominent factor. This 

recommendation is directed to project managers and the supply chain managers. 

It has strong positive association with the supply chain performance of the road 

projects in disaster areas of the world. The incentive to the stake holders may 

bring positive improvement in the performances of the people. Attractive salary 

packages will attract proficient supply chain managers / suppliers, engineers and 

workers. Detailed surveys, estimations and planning are to be carried out by 

dedicated supply chain teams. However, during execution phase of supply chain 

of road projects, well in time inspection can save lot of time and expenditures. 

Better rates will lure in good outsourced suppliers. 
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h. Finally, when supply chain managers are told to apply this model, the researcher 

can find a need to carry out future study which may help managers to solve their 

problems which they may encounter in applying it on each step during 

implementation stage of the project. 

The model application in disaster areas may encounter some challenges because weight 

of each variable is dependent on the judgment of supply chain manager / engineer who 

is actually working on project estimates. This study is only applicable in disaster areas. 

This study provide the basic model which helps the supply chain project managers to 

improve  project performance of troubled areas of the world. 

10.10 Recommendations  for Future Research Study  

The research study was conducted to find out the effects of different variables on the 

supply chain performances of the road projects in disaster areas of the world. Few 

recommendations for future research study are given in ensuing paragraphs:- 

a. Researchers to consider the similar factors which have already been taken into 

account in the current study. However, the effect and influence of these factor 

may change with time. The project conditions change as the time passes in the 

real life. The business environments are not static. The researchers are 

recommended to analyse the effects of same factors with varying business 

environments in different time frame. System Dynamics Modelling is 

recommended to be employed to analyse these factors as discussed above. 

b. The factors which are common everywhere (settled and disaster) are not 

considered in this research study. For future, it is suggested to consider all 

factors applicable on disaster areas and settled areas both. This study is a start 

point for subsequent  research which may include all factors and comparison 
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between preceding and present environment. This will assist in evaluating the 

effect of these changes on management skills.  

c. In this research study, investigation was carried out on the causes of the poor 

supply chain performances of the road project in disaster areas. This study has 

significantly contributed in identifying the problems of management being faced 

by supply chain managers. However this study remains tentative till the time this 

is not confirmed/validated from some more similar studies by use of this 

research methodology. 

d. The limitations of the study must be taken into account. It is suggested to 

include more questions in questionnaire including other factors (applicable on all 

areas) and interview techniques to get a wholesome effect on supply chain 

performances of the road projects in disaster areas of the world. This research 

can be applied on any disastrous  countries of the world. This will improve the 

researcher's understanding about the particular sector and culture towards 

effectiveness of the model.   
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