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Abstract

The paper presents a deterministic technique for assessing and preventing project risks, by determining the risk of the Work Progress Status.
Firstly, the performance of the input factors, namely the costs, quality, and time, are detected, that reflect the Iron Triangle of the Project
Management. As each phase ends, the actual values of the input factors are detected and compared with that planned, and corrective actions are
taken for considering the impact of the actual performances on the overall project. Thus, the current risk degree of the project is determined through
the Weighted Sum Method. If it is higher than planned, preventive actions are taken, in order to mitigate the risk of the entire project. Practical
applications of the technique relate to routine projects and those cases in which the schedule/costs/requirements are to be defined in the planning
phase, and deviations are detected in the progress phase.
© 2017 Elsevier Ltd, APM and IPMA. All rights reserved.
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1. Introduction

Project Management (PM) is defined as “the application of
knowledge, skills, tools, and techniques to project activities to
meet the project requirements” (PMBOK® Guide, 2013).
Because a project is “an endeavor temporary undertaken to
create a product, service, or result that is unique” (PMBOK®
Guide, 2013), it is conceivable that PM techniques are applied
in complex and multidisciplinary contexts. For a background of
the history of the PM, see the review of the literature, in the
Sub-section 2.1. One of the activities that are supported by PM
techniques is project monitoring, which allows us to know the
current progress of the project itself, and compare it with
expected performances. In this context, Earned Value Manage-
ment (EVM) enables project managers to tackle project schedule

deviations by taking corrective actions (see Chen et al., 2016).
EVM can be empowered by associating it with the risk
management (RM) techniques, which incorporate the stochastic
behavior of the project activities, and take into consideration the
impact of adverse and unforeseeable events on project perfor-
mances in terms of work performed, costs and, thus, project
completion. Generally, a project is divided into control points,
namely Work Progress Status (WPS, see Cantore, 2008), which
identifies time instants of control, chosen to control the progress
of work of a portion of the project of fixed duration. EVM and
RM techniques can effectively help project managers to
determine the project performances and manage them under
both deterministic and uncertain conditions, relying on the
possibility of comparing the planned values of the WPS already
performed with actual ones. For this reason, they are generally
employed at the end of each WPS, when actual performances are
available. Knowing the deviations from planned values allows
the project managers to be aware of the tardiness/earliness of the
project from the cost/time perspective, and take corrective actions
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(e.g., intensify the resource employment to reduce/eliminate the
tardiness by varying the activity duration, and reduce costs). In
particular, RM techniques allow us to determine and manage the
overall risk associated with a project. Information about the risk
profile of each WPS, and of the entire project could allow project
managers to carry out corrective/preventive actions towards the
WPSs not still performed, in order to mitigate the risk of the
overall project and balance the risk among the different WPSs.
Based on these premises, the work here proposed implements the
techniques advocated by the PMBOK, such as risk identification,
quantitative risk analysis, risk monitoring, and risk response
planning (see the PMBOK® Guide, PMI, 2013). This paper aims
to propose a new technique for project risk assessment that makes
use of traditional techniques, such as Critical PathMethod (CPM)
and Multi Criteria Decision-Making Models (MCDM), for
quantifying the current risk degree of projects, and putting
into place preventive and/or corrective actions that aim at
preventing and/or balancing the risk, allowing project managers
to implement risk response plans for avoiding, reducing, or
accepting project risks. The technique takes into consideration
costs, time, and quality criteria (representing the Iron Triangle of
the PM, Atkinson, 1999), as sources of risk that affect the
progress of the project. It focuses on the organization of the
project intoWPSs for the purpose of checking the progress status
of the project itself. The paper presents a technique for the
determination of the risk associated with both the WPSs of a
project and the overall project, based on the performance of the
input factors that reflect the Iron Triangle of the Project
Management. The technique consists in monitoring the progress
phase of the project by registering the actual values of the input
factors, and comparing them with the planned ones. The
technique makes use of the Weighted Sum Method (WSM) for
synthesizing the impact of the input factors on the overall
performance of the project, and determining the weights of the
input factors through the covariance matrix, which allows us to
take into consideration the mutual influence of factors. The
technique is deterministic, and the duration of the activities, as
well as the costs associated with them, are known in the planning
phase with certainty. Thus, the model relies on the classic version
of the CPM for the estimation of the project completion time. At a
glance, this could be considered a serious limitation of the
technique, as it does not allow us to incorporate the impact of the
variability of the input factors on the overall project performance,
and it could be argued that the projects are usually affected by
uncertainty. This is true only in part, as in fact there are cases in
which it is necessary to schedule the project with deterministic
parameters, such as in the case in which someone wants to submit
a project proposal to European work programs (e.g., Horizon
2020), and the development plan that is to be realized requires
that the costs, times, and project quality requirements be
determined with certainty, as the grants are calculated propor-
tionally to them. These are the specific fields that triggered the
development of the technique here proposed. In such cases,
possible deviations from the planned values are admitted to be
observed in the progress phase at the end of each WPS, when
actual values are detected and compared with the planned ones. It
is worth noting that even in the case of a more general type of

project, the deviations arising from the comparison of actual
performances with the planned ones can be considered in all
respects as the consequence of the realization of uncertain events,
which means that the proposed model incorporates the variability
of the input factors. In fact, as will be clearer in the section
devoted to the algorithm, when a deviation from the planned
value is detected for one or more of the input factors, the time/
cost/quality schedule of the project is to be updated, and
corrective actions implemented. So, if a deviation of the duration
of the activities is detected at a certain time with respect to the
planned values, the scheduling phase is to be repeated for the
entire project, and the completion time consequently calculated.
In the same way, if a deviation is encountered in the cost/quality
factors, their impact is determined, and the cost/quality values
updated. In this sense, the only difference with a native
probabilistic model is that in our model a probability function is
not associated with the performances of the input factors, thus
concealing the possibility of considering the probability of
non-critical paths of becoming critical (as in Program Evaluation
and Review Technique [PERT]), as well as their impact on the
expected completion time of the project, or determining the
expected value of the total cost. Consequently, our deterministic
model considers the deviations from planned values as the
demonstration of occurrence of the uncertain events, even if they
are disclosed at the end of the WPS. However, the technique is
proactive, as it allows managers to incorporate the impact of
uncertainty of the performed WPSs on those not still undertaken.
On the other hand, the introduction of the stochastic behavior of
the input factors does not imply that heavy changes and
complications will be required for the proposed technique to be
applied, and the steps can be performed in the same way, as the
only difference is to substitute the deterministic values with the
probabilistic ones. Finally, the hypothesis of a deterministic
model is compliant with the practice of PM in all cases in which
the field of application of the project is well known (routine
projects) and, thus, it is conceivable that the activity duration, the
costs, and the quality requirements can be determined in advance
with certainty and are not subject to variations. The theoretical
contribution of the proposed technique is that the risk associated
with each WPS is determined, as well as its contribution to the
overall project risk, and the impact of already performed WPSs
on those not still undertaken is taken into consideration. This
means that the mutual influence among the activities that are on
the critical path, and those that are not, is considered in terms of
their impact on the overall project risk. This involves corrective
actions that are put into practice to consider the impact of the
actual performances on the overall project, determine the risk
degree of the project, and employ information about the risk
degree as a feedback to take preventive actions towards the WPSs
still not performed. The practical contribution of this technique is
that it allows the project managers to balance the risk level of the
different WPSs, thus mitigating the risk associated with the
performance variations. The comparison with the project risk
degree in the absence of preventive actions shows the effectiveness
of the proposed approach. The technique proposed can be easily
applied to all kinds of projects, without losing its generalizability.
The paper is organized as follows: Section 2 addresses a review of
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