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Abstract

Today we are facing an increasingly uncertain world that can pose a threat to any business, but also an instance to leverage and 
generate new opportunities. Risk Management (RM) understands that present decisions and actions can influence the future, by 
identifying opportunities and threats. This paper addresses these issues with regards to the procurement and contract management 
of construction services in the mining industry, considering that this industry has not yet established a systematic framework for 
the application of RM in these functions. This situation results in the lack of knowledge about RM performance and gaps in 
procurement and contracting, making an evaluation and monitoring system of this function a needed methodology. With such a 
system, gaps in RM can be identified, improvement actions recommended and performance controlled. Then, a prototype 
evaluation system has been constructed based on maturity models where the evaluation is based on 1) a knowledge-based system 
that is able to propose actions to overcome current limitations of the RM function, and 2) a monitoring approach that is able to 
show the evolution of the RM function with the goal of improving it continuously. The maturity model and the prototype system
used for this evaluation are described and results from two case studies corresponding to two mining companies are discussed. 
Also, main conclusions obtained from their analysis are presented. The prototype system has been validated through these cases
and it might become the basis for the construction of a more functional system that could improve RM in procurement and 
contracting management in the future. These mining companies have considered the prototype as a useful tool because it 
establishes a framework for RM in the management of procurement and contracting processes, it can generate a systematic 
evaluation of RM in this area, and it is of easy access and use.
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1. Introduction

Nowadays there exists a global tendency to externalize the procurement of goods and services, and the Chilean 
mining industry is not the exception. In studies and interviews with executives and professionals of Chilean mining 
companies, it is estimated that the external procurement of goods and services involves around 70% to 90% of the 
total annual operational expenses of the company. It is important to consider that a report by the Chilean Mining 
Council (Consejo Minero) that integrates the 17 largest Chilean mining companies indicates that the operational 
annual expense of these companies reached the amount of US$ 15,110 millions in the year 2010 [1]. 

At the same time, the majority of these companies have not been able to adjust their procurement processes and 
systems appropriately to deal with the challenges created by this situation, like: 1) an increase of the number of 
contracts, their complexity, diversity and interdependency; 2) a high competitive pressure and the need to maintain 
long-term stable relationships with suppliers and collaborators; 3) the involvement of a very high quantity of 
resources, both human and monetary; and 4) the increase of the uncertainty around suppliers’ performance, which 
represents a real threat for the mining business. 

In front of this scenario, the own participants of Chilean mining companies state that there is not a systematic 
vision of risk management (RM) inside the companies that help to manage the uncertainty in the area of 
procurement and less of a formal reference to support risk management in this important function. As stated by 
Hillson [2] organizations that wish to implement a formal approach to RM or to improve the existing one, need a 
framework against which to contrast their current practices. 

This paper presents a research aimed to contribute to create a framework for implementing or improving risk 
management practices in procurement activities in mining companies by proposing a knowledge-based system to 
support this important function. The research developed a preliminary computer prototype that was applied to two 
mining companies that were used as case studies. In the next sections a brief background of the research is presented 
as well as the definition of the research problem and methodology. Also, characteristics of the knowledge-based 
system are discussed and the computer prototype is described. Finally, the main conclusions of the research are 
presented.

2. Background

This section presents a discussion of the main fields of knowledge that were applied to develop the risk 
management framework: risk management maturity models and knowledge-based systems. 

2.1. Risk management maturity models

A maturity model is a form of evaluation that provides a systematic framework to conduct benchmarking and 
performance improvement in a particular area [3], leading the organization strategically and linking to continuous 
improvement [4]. It has been shown that organizations that improve their level of project management maturity 
experience lower costs, increase the predictability of their schedules, and improve quality. Also, there is a positive 
relationship between high levels of maturity in project management and an increased performance of their projects 
[5].

The development of a RM maturity model for procurement management in mining companies is relevant, 
because the development of a complete risk management process tends to be more useful when projects involve 
significant resources, are unique, have a long planning horizon, are large, are highly complex involving several 
organizations, or may be affected by political issues [6] as it is the case with most of mining projects.

Several risk management maturity models have been proposed in the literature. Jia et al. [7] report that maturity 
models associated with risk management are proposed by [2] and [8]. Other models are proposed by [9] and [10]. 
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The latter presents a different approach, describing in detail the characteristics of each maturity level according to 
the stages of risk management raised by the PMI [11].

2.2. Knowledge-based systems

These are computer programs that simulate the processes of problem solving used by human experts in specific 
fields. In its simplest form, a knowledge-based system consists of a knowledge base and an inference engine [12]. A 
knowledge-based system offers several advantages such as to improve the accuracy of decisions in less time, and to
retain and store tacit knowledge from experts/individuals with experience, allowing easy access and knowledge 
sharing [13, 14]. 

The reasons for building a knowledge-based system usually have to do with the need for a solution of knowledge 
management i.e., an operation within the organization requires expertise that is not available often enough, or is not 
fully exercised. The most common problem is experience that is not sufficiently available or experts who may 
simply be too busy to answer all queries that are required from their expertise. Alternatively, experts can be 
frequently used in routine cases, not taking advantage in the usage of their knowledge [15]. 

Knowledge is a very important resource for risk management because there are many activities that need 
experience and knowledge to be carried out, like the identification of risks and the selection of risk responses, for 
example.

3. Research problem

In general, it has been observed that there are different proposals of generic models for managing risk, but none 
focused on the RM in procurement management (ProM). Additionally, interviews with managers of the ProM in 
mining companies and the review of the literature show that there is not available an appropriate system for the 
evaluation of risk management in this area, and even less, an automated platform for ProM evaluation and 
monitoring.

With the above background and those raised in the theoretical framework, a method for assessing the maturity 
level of procurement’ risk management in an organization is propositioned in order to recommend actions for 
improvement if gaps are present. This method is based on a computational prototype for evaluating and monitoring
the evolution of key factors of RM in the ProM. Thus, by using computational tools, we seek to create a system for
assessing the maturity level of RM in ProM in a simple and practical way.

4. Research methodology

The research was conducted in four main phases as follows: (1) to define the maturity model of RM in the ProM, 
(2) to develop a measuring instrument associated to the proposed model, (3) to design and develop a knowledge-
based system and a computational prototype, and (4) to carry out cases study of application in two mining 
companies. 

The first phase was carried out through literature review, critical analysis of existing maturity models, and 
structuring of the proposed model, which was validated with contributions of RM experts. The second phase was 
realized starting from the results of the first phase and the measuring instrument consists in a questionnaire that was 
validated using a pilot study with professionals from one mining company and then calibrating the questionnaire 
using their feedback regarding the consistency between their answers and the current reality of the company in the 
application of RM in ProM. 
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To design and develop the knowledge-based system the framework proposed by [14] was used as a reference, to 
which a stage of validation and verification system has been added. The process applied was as follows: (1) to 
establish the structure of the knowledge-based system, (2) to construct the knowledge-based system, with computer 
representation of the basic rules of knowledge, (3) to construct the prototype and to integrate the knowledge-based 
system, (4) to test the prototype in some organizations to validate and verify the system, and (5) to adjust the system 
by incorporating the obtained recommendations. 

In phase four, case studies were applied. As proposed by [16], this method reflects the nature of the investigation, 
because the research question is how or why, contemporary events are addressed, and events under research cannot 
be controlled. In addition, the case study can be used when the objective is to make a thorough investigation of 
certain process preserving the overall vision of the phenomenon, and no intention to establish a generalization in the 
statistical sense exists [17], which are the own characteristics of this research. As a result of case studies, responses 
to the questionnaires allowed knowing the level of maturity of risk management in the ProM, and results were 
statistically analyzed. In parallel, the internal consistency was measured by Cronbach's Alpha coefficient statistics
[18].

5. Main research results

As reported by Howard and Serpell [19], this research initially provided the maturity model used for evaluating 
risk management in ProM and its associate levels of evaluation with five categories. To find about the most 
appropriate characteristics that a maturity model should have, the maturity-evaluating questionnaire proposed 
previously by Wolbers [20] was applied to 68 contract administrators of an important Chilean mining company to 
test the questionnaire and its consistency. 

After obtaining the answers, maturity results were shown to contract administrators who reacted informing that 
maturity results showed an over-estimation of the organization’s current reality in most of the evaluated factors. 
Also, other limitations were mentioned by the same respondents regarding the questionnaire structure and the kind 
of questions used (with a Likert-like scale of 7 levels, many open questions that were not responded by a majority of 
the contract administrators, the length of the questionnaire that required a long time for answering it, the lack of 
control questions and a paper format that did not help with the process). All these issues were considered in the 
development of a new questionnaire that has the following characteristics: only closed questions with 23 questions 
plus 4 for control questions. The format was electronic with an average time for responding of 20 minutes, and a
measuring scale that was defined based on situations scenarios that describe the characteristics of each maturity 
level. 

This new questionnaire was applied as a pilot study to 12 professionals from different Chilean mining companies. 
With this feedback, final adjustments were made to the instrument and the questionnaire was calibrated correctly. 
Figure 1 shows the maturity model used as the base for the questionnaire as reported by [19] and included in the 
final system prototype.
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Figure 1 Maturity model key factors and its dimensions.

5.1. Maturity levels

The levels used for the maturity model were developed from previous studies and the information in the 
literature. The evaluation considers five levels as shown in figure 2.

Figure 2 Maturity levels developed for the model.

5.2. The RM system prototype

The prototype of the knowledge-based system aimed to become a support system for decision-making, by 
capturing data, processing it and delivering a diagnostic of the maturity of the risk management function in 
procurement management, and proposing an action plan to increment the maturity continuously, considering that 
this ProM is a key process in the mining industry as was discussed above. Figure 3 shows the main components of 
the prototype. 
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Figure 3 System architecture of the risk management prototype

As shown in the above figure, main components of the system are: 1) a knowledge base that contains the 
necessary knowledge domains to solve problems codified in terms of rules; 2) the working memory that contains the 
data input by the user when answering the maturity questionnaire; and 3) the inference engine that uses the input, 
processes it and compares with the knowledge base, producing in this way the diagnostic.  

The procedure for the application of the prototype follows the next steps: 1) The RM manager sends an invitation 
for participation to all persons related to procurement management; 2) The personnel answer the questionnaire 
through Internet and the total number is checked; 3) If the number is very low, then the invitation is repeated until 
enough people respond the questionnaire; 4) Answers are recovered, input, and processed by the prototype and used 
to obtain a diagnostic of the current maturity of RM in ProM; and 5) Check for the existing gaps and recommend 
actions to improve the identified gaps. 

The figure 4 shows a screen of the prototype when informing the user about the results of the diagnostic of the
risk management function in PM.
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Figure 4 Prototype – Diagnostic section

Once the diagnostic is delivered, the system provides a new screen that is called Identification of Gaps that shows 
if some gaps exist or not and then provides recommendations for each dimension to improve the maturity level of 
the RM function in PM. Figure 5 displays this screen. 

Figure 5 Identification of gaps
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5.3. Case studies

The evaluation was applied in two companies. One is a mining company that extracts mineral and the other, a
supplier of goods and services to former. In the first company, only six persons that work in the area of ProM
answered the questionnaire while in the second company 15 out of 20 persons did so. Table 1 shows a summary of 
the main results of the evaluations performed in these companies.

Table 1. Results of the maturity evaluation in two cases

Factor Company A (scale 1-5, being 
5 the highest maturity level)

Company 
B (same 
scale)

General maturity 3 2

Organization’s culture 3 3

Process structure 3 2

Experience and importance of RM in PM 3 2

Application of the RM process 3 2

As it can be seen in this table, the maturity level of RM in ProM in both companies is not very high (3 means 
“defined” and 2 means “incipient”). Then, there is a big potential to improve this function if appropriate actions are 
taken for this purpose. Although companies knew their performance in general, the system offered them a clear 
assessment that can be used also as the basis of comparison of the performance achieved after improvements are 
implemented. 

6. Conclusions

The main conclusion is that it is possible to improve the risk management as applied in procurement management 
by helping companies to evaluate their RM status and then, to improve the existing situation by applying 
recommendations given by the system or by experts. A system like this makes RM transparent and offers an 
understanding of the main RM factors to be addressed by decision makers in this area. 

In mining companies, the ProM process is considered of very high importance since many of the core functions 
of the companies are performed by external suppliers currently.  Also, the large quantity of funds involved and the 
considerable impact of management errors in the ProM are also taking into account carefully. However, the 
workload, the geographic distance and the time available to those responsible for the process are such that they
cannot have a strategical view of this process, to study it, and to incorporate elements to enhance it, as it is the case 
of formalizing risk management within procurement and contracts.

In a first approach, executives of ProM of the companies consulted, estimated that in their company the RM is 
not developed in the ProM, but when they saw the proposed maturity model realized that they do perform at least 
some of the elements that this model considers, but not formally and without a systematic approach.

Finally, the utilization of the prototype in two companies of the mining industry allowed to evaluate their ProM 
maturity level and to carry in to practice all the elements generated in this research, testing them in the real world of 
the participant companies. 
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