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Abstract 

In today’s interconnected world, disruptions arising from one party in a supply chain network could cause disruptions to other 
parties in the chain. Indeed, recent evidence suggests that supply chain disruptions had caused a wide-scale impact to the 
construction industry in various developing countries including the Malaysian construction industry, with increasing report on 
project performance deficiencies such as cost and time overruns of severe magnitudes. Although risk management is widely 
practiced in construction, the challenge now is to make systems and construction supply chains sufficiently resilient so that the 
project organisations can bounce back and thrive from catastrophes and disruptive events. Past studies of supply chain resilience 
however tend to overlook the underlying latent conditions that reside in the system that made an organisation vulnerable to such 
disruptions in the first place. The “pathogen” metaphor is used in this study to reflect these inherent hidden vulnerabilities that 
remain dormant in a system until a critical failure occurs. Although these pathogens are hidden and may not be causing any 
problem at the moment, they might trigger a later onset problem causing cascading impacts to the supply chain and its operations. 
While disruptions in construction are often difficult to foresee and is hard to eliminate entirely, these pathogens, however, can be 
identified and mitigated before a disruptive event occurs, which this paper aims to discuss. This paper therefore presents the 
identification of key pathogenic effects in the Malaysian construction industry through preliminary interviews with four experts 
in the field. Overall, the identification of the pathogens in the study will help the researcher to assess how vulnerable the project 
organisations are to making significant errors in a systematic way, thus providing the foundation to build appropriate strategies 
for their prevention and build the resilience of the construction supply chain to disruptions. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 7th International Conference on Building Resilience. 
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1. Introduction 

The modern supply chains in today’s global economy are becoming highly complex and interdependent through 
globally dispersed assets and international trade of products and services. The interdependency among supply chains 
in the uncertain environment has brought an increasing number of interconnected risks that transcend beyond the 
organisation boundaries. This includes risks such as supply chain disruptions, natural disasters, geopolitical risks 
and unforeseen events that caused disruptions to business operations and great losses to organisations. It is indeed 
challenging to identify and anticipate such risks as they could emerge from any direction of the linked parties in the 
supply chain and its operating environment. The impact of such risks could also spread across related and unrelated 
parties, causing significant disruptions to their operations. This is prevalent especially in the construction industry. 
The main difference between the construction industry from other industries is that it deals with temporary supply 
chains that work on different start and end dates in several phases of one-off construction projects. This makes it 
difficult for construction parties to gain full visibility of their supply chain operations and its associating risks, 
making them highly vulnerable to any disruptive events [1]. Understandably, managing these risks and parties from 
different tiers of the supply chain in construction is indeed challenging especially when disrupted with disruptions 
that cause large swings in capacities and resources in project delivery. This is evident not just in the developed 
countries, but also in various developing countries, whereby increasing report on project performance deficiencies 
were reported due to supply chain disruptions [2,3]. 

One of the developing countries that have been hit hard by supply chain disruptions is the Malaysian 
construction industry. Similar to other developing countries, the local projects in Malaysia have frequently end up 
being delivered late, causing cost overruns and poor project delivery [4,5,6]. The recent report on local public sector 
projects [7] also identified several supply chain disruptions in project delivery such as non-conformance of work to 
specifications, low quality, unreasonable price, wastage and transportation disruptions that caused poor project 
performance. For instance, the second Penang Bridge, which has recently been completed, faced delay for more than 
12 months due to additional technical aspects that were not considered in the early stages [4]. This shows that 
despite the formal risk management plans imposed by the public organisations, managing supply chain disruptions 
had constantly become an issue to the public organisations in meeting their project objectives. 

Indeed, it is difficult for the public organisations to have full visibility of their supply chain operation due to the 
large scale of public projects and the extent of their supply chain network. This could be problematic as it makes it 
harder for the public organisations to detect any hidden problems or latent conditions that lie within their supply 
chain network. These latent conditions, also known as “pathogens”, tend to be overlooked by the public 
organisations in its current risk management practice.  Although these pathogens are hidden and may not be causing 
any problem at the moment, the pathogens might trigger later on and manifest into catastrophic disruptions [8] if 
they are not identified and mitigated much earlier in the project. While disruptions in construction are often difficult 
to foresee and is hard to be eliminated entirely, these pathogens, however, can be identified and mitigated before a 
disruptive event occurs, which this paper aims to achieve. The aim of the paper is to therefore identify the critical 
inherent pathogenic influence within the public organisations and its supply chain network that make them 
vulnerable to such disruptive events in the first place. The identification of these pathogens will help the researcher 
to assess how vulnerable the project organisations are to making significant errors in a systematic way, thus 
providing the foundation to build appropriate strategies for their prevention and build the supply chain’s resilience to 
disruptions in public projects. 

2. Literature Review 

2.1. Supply chain disruptions and resilience in construction 

Supply chain disruptions can be defined as an event that can affect the performance of the supply chain causing 
deviation of their operation from meeting the project objectives [9,10]. Previous literature exists on managing 
supply chain disruptions from the manufacturing, retail [11,12], automotive and oil and gas sector [13], but little 
attention has been paid to the disruptions faced by the supply chain in construction industry, especially in the 
developing countries, such as in the context of this study. The Malaysian construction industry has faced several 
supply chain disruptions [4,5,6] that deter the government’s goals to become a developed country by the year 2020. 
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Delays due to supply chain disruptions in local public projects are prevalent, for instance, the construction of a large 
dam in Terengganu faced significant delay due to the lack of expertise of the contractors hired to helm the 
construction of the dam [7]. Disruptions by client are also quite common in public projects, whereby the frequent 
changes in scope of the public projects had resulted in cost overruns and delay [14]. These disruptive events had 
caused the public organisations’ to not get the best value for money for their expenditure, which consequently 
hampered their reputation in the public eyes. Many initiatives have been put forward by the Malaysian government 
and previous researchers in light of this supply chain issue such as partnering and outsourcing [4,15], but there is 
still a lack of understanding on the current resiliency of the public organisations and its supply chain and how they 
currently respond and recover from actual disruptions.   

In order to deal with the supply chain resilience, Pettit et al. [16] assessed the linkages between the organisation’s 
vulnerability and a set of successfully employed capabilities to overcome that vulnerability. However, the study 
tends to look at vulnerability in a static condition without considering the latent conditions, thus missing some of the 
key driving forces that influence the supply chain vulnerability, which this study aims to address. Within the supply 
chain resilience literature, to date, resilience in the construction industry also remains under-researched due to the 
lack of participation from construction supply chains in previous studies. Most studies looked at a single 
organisation across different industries [16,17,18], overlooking the effects of connectivity between organisations 
across the supply chain. The lack of empirical study across the supply chain limits the current understanding of the 
hidden problems and interdependent risk of disruptions between organisations in the system, which is what the 
Malaysian construction industry is currently suffering from. Without understanding the underlying problems and the 
current state of the system, the resilience strategies imposed in previous studies [16,19,20] might not be effective to 
build their resiliency to disruptions. Overall, there is definitely some prospect that this situation can be improved 
both in theory and in practice, hence the value of this research.  

2.2. Pathogenic influences in construction projects 

As previously discussed, it is important to consider the underlying reasons as to why a supply chain member 
might be more vulnerable in certain areas than the other. These latent conditions have been referred to as 
“pathogens” in previous studies [8,21,22] where they were identified as the key factors that set the conditions for 
disruptions such as errors, failure and disputes to occur in construction projects. In studying the latent conditions in 
projects, Busby & Hughes [8] suggested a distinctly systemic way of thinking about error and failure, and 
introduced the term “pathogens”, whose greatest conceptual value is that they remain dormant in the system until an 
actual failure occurs. This term was originated in the field of biology as an analogy for the development of disease 
in natural organism. The pathogens were defined in the study by the following qualities [8]: 

 
• “They are a relatively stable phenomena that have been in existence for a substantial time before the problem 
occurs” 
• “Before the problem occurs, they would not have been seen as obvious stages in an identifiable sequence failure” 
• “They are strongly connected to the problem, and are identifiable as principal causes of the problem once it 
occurs” 
 

Subsequently, Busby and Hughes [8] revealed 8 main categories of pathogens identified in their study that had 
caused significant problems in large scale engineering projects, as listed in Table 1.  
 

Table 1. The main categories of pathogen [8] 
Category Description 
Practice Pathogens arising from people’s deliberate practices 
Task Pathogens arising from the nature of the task being performed 
Circumstance Pathogens arising from the situation or environment the project was operating in 
Convention Pathogens arising from conventions, standards, routines and codes of practice 
Organisation Pathogens arising from organizational structure or operation 
System Pathogens arising from an organizational system 
Industry Pathogens arising from the structural property of the industry 
Tool Pathogens arising from the technical characteristic of the tool 
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