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Abstract 

Construction organizations in developing countries, approach risk management in construction projects by using a set of practices 
that are normally insufficient, produce poor results often, and limit the success of project management. This paper describes the 
development of an instrument based on an organizational maturity model for evaluating the risk-management capability of 
construction organizations. This instrument has been applied to both, clients and contractors and is part of a general knowledge-
based system. Outcomes of this research will allow a client or contractor first, to develop or improve its project risk management 
capability based on international and local best practices and second, to continuously improve the performance of this function 
along the realization of new projects. The novelty of this approach is that it addresses the risk management function from a 
knowledge-based perspective and that it will be based in a web application that will be available to every organization.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Today every organization faces uncertain events that occur in different environments and with different 
characteristics and impacts. These uncertain events can generate more or less severe consequences for the 
organization (Aven, 2011). Uncertain events with negative impacts are called risks. The construction industry is no 
exception in being exposed to these uncertainties, which are complex and diverse risks (Zhao et al, 2013). 
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Risk is a term that has long been studied in different areas. Hillson (2013) defines risk as the uncertainty that can 
be measured, and uncertainty is a risk that cannot be measured. To try to mitigate or eliminate the risk, we count on 
risk management, which is an integral part of project management. Risk management is a positive and proactive 
process intended to reduce the likelihood of unsatisfactory consequences to the project in its different stages, such as 
design, construction and operation (Mills, 2001; Rohaninejad & Bagherpour, 2013). 

Risk management is an important area of project management then, since it allows anticipating the occurrence of 
events that could adversely affect a construction project and to define actions that could minimize their impacts. It is 
well known that one of the major roles undertaken by any project manager is to deal with contingencies or risks that 
occur continuously during the management of a project and this role is particularly complex and inefficient if risk 
management has not been performed or supported adequately since the start of the project. To make risk 
management an effective and efficient function, it is necessary to have a proper and systematic methodology and, 
more importantly, knowledge and experience of various types.  

For many years, construction organizations in developing countries have approached risk management in 
construction projects and organizations by using a set of practices that are normally insufficient, producing poor 
results most of the time, and limiting the success of project management. This situation can be observed both in 
contractors and owners organizations as well. In general, it can be said that risk management in these organizations 
is inadequate, lacks a systematic and formal approach, and its performance is not measured.  

One of the challenges being faced at this time then, is how to measure the capability of a construction 
organization to perform risk management effectively and how to help this organization to improve along time. This 
paper presents a partial report of a comprehensive research project on risk management in construction organizations 
and projects. One of the questions addressed by the research is: how can risk management practices be evaluated in 
organizations and companies involved in construction projects? It has been proposed then that risk maturity models 
may provide an appropriate framework for evaluating current risk management practices in construction 
organizations and identifying current gaps, because this kind of models are constructs that help to carry out the 
assessment of the risk-management capability of an organization and to obtain an understanding of its shortcomings.  

This paper describes the process followed for the development of the risk-management evaluation model and 
instrument, and how this was validated using local experts’ panels that took into account the local culture and 
idiosyncrasy. The process involved the following major activities: 1) the development of a model for risk 
management from best international practices and to compare it with real current domestic practices. This stage was 
mainly based on literature review both general and specific for construction projects, and addressed the state of the 
art of risk management, standards for risk management, and the identification of best practices and tools used in risk 
management, and 2) the development of an instrument based on an organizational maturity model, to evaluate the 
risk-management capability of construction organizations. The latter stage also included the identification and 
organization of a comprehensive set of best practices for helping companies to overcome identified gaps in their risk 
management practices. The final goal of the whole research project is to design and construct a web-based computer 
prototype of a risk-management support system. The idea is that the evaluation instrument be easily applied to any 
construction organization that wants to evaluate its risk-management capability through the interaction with the web-
based questionnaire. In addition, this prototype would permit: (1) to store historical risk information and knowledge, 
(2) to guide companies and organizations in the development of the desired risk management capability, according to 
the established model, (3) to conduct the assessment and monitoring of the maturity of an organization’s risk-
management capability, (4) to have tutorials and being able to educate employees about risk-management depending 
on the hierarchical level and responsibility that every employee has in a company, and (5) to have a storage and 
retrieval system of best practices to help companies to improve their risk-management performance continuously.  

Results of this research will allow a client or contractor to develop a risk management function based on best 
practices and second, to improve the performance of this function along the realization of new projects. The novelty 
of this approach is that it addresses the risk management function from a knowledge-based perspective, which does 
not exist in most of organizations and companies in our country. Also, an additional interesting contribution will be 
the best practices model that is being developed and that will be used as a benchmark for evaluation and 
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improvement. Finally, the instrument for evaluating current risk management capabilities by applying a maturity 
model will help to improve the performance of Chilean construction organizations, companies, and projects. 

2. Research background 

The presence of uncertainty in everyday life as well as in organizations has become an important issue at present 
and to achieve its appropriate management has become a challenge. Due to the dynamic and complex environment 
that exists around organizations, uncertainty becomes an important issue that must be taken into account for the 
realization of any project (Rohaninejad and Bagherpour, 2013). There is a connection between uncertainty and risk 
as indicated by Hillson (2004). Risk is a measure of the probability and severity of adverse effects (Hubbard, 2009; 
Aven, 2011) affecting project objectives (Baloi and Price, 2003; Nielsen, 2006). Risk may be a multifaceted concept 
(Wang and Yuan, 2011), which currently is a concern for any organization. In the construction industry risks are 
inevitable and they are present throughout the life cycle of the project and the organization should manage them 
proactively (Tah et al, 2001a; Goh et al, 2013; Zhao et al, 2013). On the other hand, not always risks are associated 
with negative results, being also possible the presence of a positive opportunity or risk. These opportunities, when 
taken, can mean time and money savings and the creation of value for the project (PMI, 2008; Hillson, 2013). 
Despite this, people tend to see only the downside of risks (Baloi and Price, 2003). 

To manage, identify, assess and monitor risks that arise within an organization or project, there exists the process 
of risk management which has its origin in the U.S. in the '30s, when securing businesses from their initial stages 
was sought (Zheng et al, 2009). In the '70s, this process became an integral part of project management (Del Caño 
and De la Cruz, 2002; Arikan et al, 2009). Risk management must accept that risk is inherent in any project 
(Hubbard, 2009) and that one of the greatest difficulties is to determine which are risks and how they should be 
prioritized (Anderson, 2009). This is a key process and that is why project managers recognize that risk management 
is essential to carry out a good project management (Baloi and Price, 2003; Goh et. al., 2013). 

Different models of the risk management process have been proposed in the literature by different researchers and 
different bodies of knowledge (Goh et. al., 2013). The intended output of risk management is to identify, assess and 
control risks using methods to reduce them to an acceptable degree and have a successful project (Rohaninejad and 
Bagherpour, 2013). 

2.1. Risk management 

In the past four decades, research on risk management has grown considerably in the construction industry 
(Chapman & Ward, 2011; Lehtiranta, 2011) due to the fact that construction projects are permanently exposed to 
risks and are perceived as projects with greater inherent risk due to the involvement of many stakeholders. It is 
possible to analyze project risks from two different perspectives. From the point of view of the client, who is key to 
decision-making in the project, and from the point of view of the contractor, who traditionally increases costs to 
hedge risks, but given that the margin utility is getting lower, is facing a practice that has become unprofitable 
(Baloi and Price, 2003). These two groups have different behaviors against the risks of the project and different 
possibilities of transferring risks to the party best able to manage them (Wang et al, 2011). 

Currently the practice of risk management is reactive, semi-permanent, casual and unstructured within the 
construction industry, resulting in a lack of capacity to manage risks appropriately. The main barriers that were 
found for the implementation of an effective risk management system are the lack of formality of the system and the 
lack of integrative mechanisms of risk management among the parties involved in the project (Choudhry and Iqbal, 
2013). In addition, risk management is not applied with the same rigor as other topics of the project management 
process (Fan et al, 2008). 

The system used for risk management in projects has been mainly based on a qualitative analysis, but this 
technique does not allow to record risks, issues, and actions taken to resolve them as well as lessons learned so that 
they can be used for development of new projects (Tah et al, 2001a; Hubbard, 2009). 
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It is known that over time and in different countries, the construction industry tends to use a limited number of 
risk management techniques, which are not appropriate for every situation. Among the techniques used to identify 
the risks are the brainstorming, checklist; sensitivity analysis and risk register (Goh et. al., 2013), also indicating that 
qualitative methods for risk assessment are much more used than quantitative or semi-quantitative methods. 

The aforementioned deficiencies have an impact on the project development. In construction projects, risks can 
seriously affect its main objectives: time, cost, scope and quality, which can mean an additional cost and hence a 
low rate of return on the investment for the customer and a loss of profit for the contractor, in addition to other 
consequences. Despite this, risk communication is imprecise, incomplete, and inconsistent throughout the value 
chain of construction projects (Tah and Carr, 2001a; Aven, 2011). In addition, project participants have not a 
common understanding of project risks and their consequences, which precludes an implementation of effective and 
early warning measures and strategies to mitigate adequately the problems resulting from a decision-making in any 
part of the chain (Tah and Carr, 2001b). 

Alongside this, in many occasions the identification of risks is done only during the preparation of the program 
and budget, but they are not monitored appropriately during project implementation (Nielsen, 2004). Other barriers 
that impact risk management are the lack of a common language (Aven, 2010; Xanbo et al, 2012; Goh et al, 2013), 
insufficient resources to carry out the risk management process and the lack of formalization of this process in 
construction projects (Tah and Carr, 2001b). 

2.2. Maturity of risk management 

During the past decade, interest grew on researching and applying maturity models to assess the process of risk 
management in different fields. These models help organizations to understand the abilities that the organization has 
on risk management and to contrast them with a reference framework. This framework is defined by best practices 
in terms of maturity (Hillson, 1997; Jia et al, 2011). 

Maturity is assessed through models that measure the capability of the risk management process inside of an 
organization. In this paper, the focus of the evaluation is on construction companies. Several models have been 
proposed like the maturity model of Hillson (1997). This model presents a formal approach to the risk management, 
assessing maturity in four levels, where each of these levels confirms the fulfillment of previous levels and focuses 
mainly in evaluating attributes as: culture, process, experience and application of risk management. Another 
maturity model available is the Capability Maturity Model Integration CMMI (2009). This model was developed 
originally for the computer industry and raises the key features for maturity models and process capability 
additionally providing best practices associated generically and specifically with five levels of evaluation.  

The Hillson’s model served as a reference for the development of other maturity models proposed by different 
authors. One of these models, based on the Hillson’s model, is that proposed by the International Council on 
Systems Engineering INCOSE (2002), which proposes the Risk Management Maturity Model, RMMM. The 
modification shown by this model is basically the extension of the initial definitions of the four maturity levels 
proposed by Hillson. This model manages to define elements of risk management within each of the attributes to 
evaluate, as well as their characteristics according to each of the four maturity levels proposed. Some adaptations 
have been proposed also by Heijden (2006) and Wolbers (2009) in an attempt to complement some weaknesses of 
the RMMM. These models have been applied in practice and comparisons carried out between applications and 
environments.  

In another contribution, Yeo and Ren (2004) developed a maturity model of five levels, where a gradual 
advancement in the features to be met by the organization is proposed. The first three levels of maturity were 
developed to ensure that the organization has established a structured process for managing risks to enable risk 
control and appropriate procedures to address them. As to the next two levels of maturity (4 and 5), they were 
designed in order to make the process of risk management able to address emerging risks. 

The Risk Management Maturity Model RM3 proposed by Zou et al., (2010) was developed based on the maturity 
models proposed by Hillson, and Ren and Yeo. This model seeks to assess the maturity of construction companies in 
attributes such as: risk management capability, risk management and the organizational culture, the ability to 
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identify risks, the ability to analyze risks and their development, and the standardized application of the risk 
management process. These attributes are evaluated in four levels of maturity. This model has a drawback in that it 
focuses on only one part of the process of risk management leaving aside important stages of the process such as 
risks response and risks control. 

The application of maturity models for risk management still has deficiencies in the construction industry (Zhao 
et al., 2013). In the construction industry organizations, it is necessary to have a clear idea of their actual 
performance in risk management to define their objectives and a specific system for risk management according to 
their abilities (Zou et al., 2010). 

Furthermore, Serpell and Howard (2012) developed a model based on the CMMI maturity model, where four 
specific levels for each of these attributes are evaluated, gaps are identified, and a diagnosis and monitoring is done 
to each of them. Also, proposals of best practices are presented although generically and without identifying skills or 
practices that should be developed to move from one level to the superior level. 

Under all these proposals of maturity models, it can be said that the installation of a maturity model in an 
organization is a starting point to begin to make a good risk-management function within an established culture, a 
suitable system and the practice of risk management in both the organization and their projects. This will allow the 
company to start establishing best practices for continuous improvement in risk management. 

3. Research methodology 

The research has been carried out with financial support from a government agency. The research methodology 
has involved five stages so far, as follows:  

1) A comprehensive literature review to understand how risk management is carried out internationally, both 
in general and at the construction industry in particular. 

2) The construction of a preliminary risk management model from the literature review. The main factors and 
sub-factors that affect risk management, as reported in the literature, were grouped using an affinity 
analysis.   

3) Validation of the risk management model through the participation of two experts’ panels of four experts 
each. The process consisted in the presentation of the model constructed initially to the first panel of 
experts who provided their opinions and recommendation to improve the model. Once corrected the model 
by the research team, the resulting output was sent to the second panel of experts who approved the model 
or presented some additional comments and observations that were incorporated by the research team. 
Then the model was presented to the experts for a last review and approval. A risk management model of 
five main factors and 14 sub-factors was created as shown in figure 1.  

4) Construction of the instrument for risk management maturity assessment. Organizational maturity models 
were used to define the maturity model to be applied in this research. Each of the main factors is to be 
evaluated using a scale of four levels with a description of the situation that represents the conditions 
associated with each level.   

5) Validation of the instrument for assessing the maturity of risk management was carried out following the 
same approach explained for the risk management model.  

4. Preliminary research outcomes 

Besides the definition and validation of the risk management model as shown in figure 1 above, the research has 
advanced in the development of the instrument that will be used for the evaluation of the maturity of construction 
organizations, by assessing each of the sub-factors of each main factor. To accomplish this goal, a maturity model 
had to be developed mainly from the literature review. A comparison of the different proposals found in the 
literature is shown in table 1. The analysis of these proposals convinced the research team to use the Hillson model 
(Hillson, 1997) as the base framework for the maturity model to be applied in this case, but with an adaptation 
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regarding the evaluation levels. The number of levels selected for evaluation was decided to be four as follows 
(generic description): 
- Level 1: the organization has a very low development of the sub-factor evaluated. If the sub-factor exists or is 

applied to some degree, this is done sporadically and only because a professional decides to do so out of his or 
her own interest, but it is not an institutional procedure. 

- Level 2: The organization has a basic and incipient development of the sub-factor evaluated. If this is carried out 
or applied, it is generally in an informal manner and not only depends on personal choices, but a greater 
participation and institutional interest are appreciated. 

- Level 3: The organization contains the sub-factor evaluated, but this development is still incomplete. The sub-
factor is held or applied in a formal and institutional manner, but still in an infrequent way, with limited 
implementation in some projects. 

- Level 4: The organization develops the sub-factor evaluated constantly worrying about its improvement. The 
sub-factor is applied in a formal, institutional, and regular way to all projects of the organization and its 
participants. 

Figure 1 Risk management model 

An example of the application of the maturity model to the sub-factor Diffusion is shown next to illustrate the 
specific use of this approach. The sub-factor Diffusion refers to the fact that the organization should spread the 
information about risk management to all the key participants of its project, raising awareness of its benefits.  

- Level 1: In this organization, no information on risk management of any kind is disseminated. 
- Level 2: In this organization, some information about risk management is disseminated to the participants of 

a project.  
- Level 3: In this organization partial information about risk management is spread to all project participants.  
- Level 4: In this organization, complete information about risk management is spread to all project 

participants. 
 
The instrument (questionnaire) for the evaluation of risk management maturity in construction organizations is 
finished and validated. It has been applied to three construction companies as part of a pilot study that will allow the 
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calibration of the instrument. The application of the pilot is realized through Internet. This pilot has been designed 
not only to measure the level of maturity of the organization, but also to measure the clarity of the wording and the 
content of each situation. 

Table 1 Comparison of some risk maturity models found in the literature 

Maturity Model Advantages Disadvantages 
Hillson, Risk Maturity Model (1997)  First approach to generate a framework for assessing 

the maturity of risk management. 
Too general in the definitions of 
the levels and characteristics of the 
attributes measured. 

Capability Maturity Model 
Integration, (CMMI 2009) 

It has the support of many organizations that have used 
it and generated worldwide acceptance. It is a generic 
model adaptable to multiple contexts and organizations. 

Does not provide any measuring 
procedure associated with the 
model. 

International Council on Systems 
Engineering (INCOSE) Risk 
Management Maturity Model 
(RMMM 2002) and Shoults (2003) 

It partially completes the Hillson’s model.  It is still very general. It does not 
propose an instrument for 
evaluation. 

Heijden (2006) Wolbers (2009), 
based on the RMMM  

Complements the INCOSE model, adding the attribute 
“Structure” as the fifth attribute to be evaluated in the 
model.   

Wolbers proposes a measuring tool 
based on a questionnaire.  
However the instrument is not well 
calibrated and does not reflect 
what is the situation of the 
organization accurately.  

Yeo y Ren, Risk Management 
Capability Maturity Model  
(RMCMM 2004 and 2009) 

This model proposes to evaluate attributes both at the 
organizational level as well as at the risk management 
process. It addresses the concepts of security and 
robustness that a maturity model should have.  

No procedure is presented for the 
evaluation of the risk management 
maturity.  

Crawford (2002) It is based solely on the risk management process 
established by the PMI in the PMBOK, which allows 
having a more detailed analysis in the process.  

Does not consider factors that are 
external to the process, which may 
be equally or more important, such 
as organizational culture, resource 
allocation, leadership, and other 
factors. 

Zou, Chen & Chan,  
Risk Management Maturity Model 
RM3, (2010) 

It is based on attributes for construction companies and 
is focused on evaluating attributes like the risk 
management capability, the organizational culture in 
relation to risks, the ability to identify and analyze risks 
and the ability of developing a standardized risk 
management process.   

Its focus is only on one part of the 
risk management process and 
neglects important steps such as 
the risk response and control.  

 

Howard and Serpell (2012) Consider different characteristics for each attribute to 
evaluate it. They include the identification of existing 
gaps, and the diagnosis and monitoring of each of the 
attributes to be evaluated.  

They only establish general 
practices without identifying what 
is needed to go from one level to 
the next one.  

5. Summary of results obtained from the pilot study 

The risk-management model and the associated maturity evaluation instrument were applied to three construction 
companies as part of a pilot stage. The characteristics of companies are shown in table 2. Companies under the 
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guidance of researchers selected the persons that answered the evaluation instrument, including at least, the General 
Manager, Departmental Managers, and professionals both at the central office and at the site.  

Table 2 Characteristics of construction companies that participated in the pilot study 

Company Type Main construction specialties Number of participants in the 
study 

A Contractor Housing buildings, Commercial and General building, 
Industrial construction 

7 

B Contractor Building, Infrastructure construction, Industrial 
construction 

11 

C Contractor Infrastructure construction, Mining construction, 
Energy construction projects  

12 

 
The global maturity levels obtained from the perceptions and answers of participants of each of the companies 

are shown in table 3.   
 

Table 3 General maturity levels of companies on the scale 1 to 4 

Company Maturity Level 
A 1.7 
B 2.1 
C 2.2 
Average 2.0 

 
Figure 2 displays the results of each of the companies for each main factor of the risk-management model and the 

average of the three companies. 
 

Figure 2 Maturity levels of companies for each factor 

1,0 

2,0 

3,0 

4,0 
Communication 

Organization 

Knowledge  Integration    

Process  

Company A Company B Company C Average 
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6. Discussion 

Results obtained during the pilot study show that the maturity levels of the three construction companies are low 
and that there is an opportunity for significant improvements. The average is just 2.0 in a scale from 1 to 4. Using 
the characterization of each level, it means that: the organization has a basic and incipient development of risk-
management. If this is carried out or applied, it is generally in an informal manner but not only depends on personal 
choices; an increasing participation and interest are appreciated from the organization. 

As shown in figure 2, the most deficient factor according to the average of the three companies was Knowledge, 
followed by Organization and Process.  The fact that Knowledge is so low, shows that people at work have a scarce 
knowledge about risk-management and that construction organizations do not collect and store the knowledge that is 
obtained from experience, i.e., they don’t have appropriate knowledge-management in this area. 

The pilot study also allowed the research team to test the evaluation instrument in a real domain. According to 
the comments received from the companies, the instrument was appropriated and the results agreed with the current 
conditions of risk-management in their companies. This information was confirmed by way of interview carried out 
after the application of the instrument and the report of results to companies. In addition, the Cronbach alpha test 
was applied to the evaluations showing good results.  

 

7. Conclusions 

Risk management in both construction business and construction projects should be part of the organizational 
culture. This would allow its development and implementation and to become a standard for planning and 
implementation of projects. Important part of this is to generate an effective management of knowledge to have a 
system, which can keep the lessons learned so that they can be spread and reused in future projects. Having the 
proper channels of communication between project parties for risk management is also imperative as well as training 
on this topic.  

During the realization of this research it has been observed that the lack of knowledge about risk management 
within the domestic construction industry has became a barrier that has prevented the participation of some 
companies that have been not willing to contribute to the study. However, it is expected that this attitude will change 
once the findings of the research are spread out to the construction community. Also, companies will realize that the 
evaluation system will help them to identify the gaps in their risk management performance and make use of 
available best practices to improve. This information is intended then to support companies to be in constant 
assessment of their risk management maturity level and to implement those activities that would help them achieve 
the level of maturity they aspire to reach.  

Much remains to be done in this area, which becomes increasingly more critical to the performance and success 
of construction projects especially where risks consequences are so relevant. 

 
Acknowledgements 

 
Authors wish to express their acknowledgement to FONDECYT for the support to the realization of this research 
effort through the research grant N° 1130520.   

References 

Arikan, A. E., Dikmen, I., & Birgonul, M. T. (2009). A prototype risk management decision support tool for construction projects. Proceedings 
CIB Joint International Symposium, 885-895. Dubrovnik, Croatia. 

Aven, T. (2011). On the new ISO guide on risk management terminology. Reliability Engineering and System Safety, 96: 719-726. 
Baloi, P., & Price, A. (2003). Modeling global risk factors affecting construction cost performance. International Journal of Project Management , 

21(4), 262-269. 
Chapman, C., & Ward, S. (2011). How to manage project opportunity and risk. Jonh Wiley and Sons Ltd. 



210   Alfredo Serpell et al.  /  Procedia - Social and Behavioral Sciences   194  ( 2015 )  201 – 210 

 

Choudhry, R. M., & Iqbal, K. (2013). Identification of risk management system in construction industry in Pakistan. Journal of Management in 
Engineering, 29,42-49. 

CMMI- Chrissis, M., Konrad, M., & Shrum, S. (2009). CMMI Guía para la integración de proceso y la mejora de productos. Madrid, España: 
Pearson Education, S.A., 2nd Ed. 

Crawford, J. K. (2002). PM solutions project management maturity model: providing a proven path to project management excellence. New York, 
USA: Marcel Dekker. 

Del Caño, A., & De la Cruz, M. P. (2002). Integrated methodology for project risk management. Journal of Civil Engineering and Management, 
128, 473-485. 

Fan, M., Lin, N.-P., & Chwen, S. (2008). Choosing a project risk-handling strategy: An analytical model. International Journal of Production 
Economics, 112, 700-713. 

Goh, C. S., Abdul-Rahaman, H., & Abdul Samad, Z. (2013). Applying risk management workshop for public construction projects: case study. 
Journal of Construction Engineering and Management, 139, 572-580. 

Heijden, V. (2006). Risicomanagement in de adren?, Master Thesis, University of Twente. 
Hillson, D. (1997). Towards a risk maturity model. The International Journal of Project & Business Risk Management, 1, 35-45. 
Hillson, D. (2013). Managing risk in projects: what's new? From: http://www.risk-doctor.com/pdf-files/mar10a.pdf 
Hillson, D. (2004). Effective opportunity management for project-exploting positive risk. Marcel Dekker. New York. 
Howard, R., & Serpell, A. (2012). Procurement management: Analyzing key risk management factors. Proceedings RICS COBRA. Las Vegas, 

USA. 
Hubbard, D. W. (2009). The failure of risk management. Hoboken, New Jersey: John Wiley and Sons Inc. 
INCOSE- International Council on Systems Engineering/Project Management Institute/Association for Project Management (2002). (s.f.). 

Obtained from: Risk Management Maturity Level Development, Risk Management Research and Development Program Collaboration: 
http://www.pmi-switzerland.ch/fall05/riskmm.pdf 

Jia, G., Chen, Y., Xue, X., Chen, J., Cao, J., & Tang, K. (2011). Program management organization maturity integrated model for mega 
construction programs in China. International Journal of Project Management, 29, 834-845. 

Lehtiranta, L. (2011). Relational risk management in construction projects: modeling the complexity. Leadership and Management in 
Engineering, 11, 141-154. 

Lehtiranta, L., Palojarvi, L., & Huovinen, P. (2010). Advancement of construction-related risk management concepts. Proceedings 18th CIB 
World Building Congress, 492-503. Saldford, United Kingdom. 

Mills, A. (2001). A systematic approach to risk management for construction. Structural Survey, 19, 245-252. 
Nielsen, K. (2004). Risk Management: lessons from six continents, Pipelines Engineering and Construction. Journal of Management in 

Engineering, 22, 61-67. 
PMI. (2008). PMBOK PMI. Newtown Square, PA: PMI. 
Rohaninejad, M., & Bagherpour, M. (2013). Application of risk analysis within value management: A case study in DAM engineering. Journal of 

Civil Engineering and Management, 19: 364-374. 
Shoults, J. (2003). Risk management capability maturity quantitive assessment tool. Proceedings INCOSE 13th Annual Symposium. Arlington, 

Va, USA. 
Tah, J., & Carr, V. (2001a). Towards a framework for project risk knowledge management in the construction supply chain. Advances in 

Engineering Software, 32, 835-846. 
Tah, J., & Carr, V. (2001b). Knowledge-based approach to construction project risk management. Journal of Computing in Civil Engineering, 15, 

170-177. 
Wang, J., & Yuan, H. (2011). Factores affecting contractors' risk attitudes in construction projects: Case study from China. International Journal 

of Project Management, 29, 209-219. 
Wolbers, M. (2009). Application of risk management in public works organization in Chile. University of Twente and Pontificia Universidad 

Católica de Chile. 
Xanbo, Z., Bon-Gang, H., & Sui Pheng, L. (2012). Implementing enterprise risk management in a Chinese construction firm based in Singapore. 

Proceedings World Construction Conference- Global Challenges in Construction Industry. Colombo, Sri Lanka. 
Yeo, K., & Ren, Y. (2004). Risk management capability maturity model for complex product systems (CoPS) project. Proceedings International 

Engineering Management Conference, 807-811. 
Yeo, K., & Ren, Y. (2009). Risk Management Capability Maturity Model for Complex Product Systems (CoPS) Projects. Journal of Systems 

Engineering, 12, 275-294. 
Zhao, X., Hwang , B.-G., & Low, S. (2013). Developing fuzzy enterprise risk management maturity model for construction firms. Journal of 

Construction Engieneering and Management., 139: 1179-1189. 
Zou, P. X., Chen, Y., & Chan, T.-Y. (2010). Understanding and improving your risk management capability: assessment model for construction 

organizations. Journal of Construction Engineering and Management, 8,854-863. 
 
 


