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Abstract: Construction projects are struggling to reach satisfactory performance in a context full of
various and many risks. Despite the long-lasting study of performance in construction no universal
approaches have emerged from numerous proposals. A mainstream in dealing with this issue is
benchmarking methods with the use of appropriate indicators. This research work adopts such a
group of indicators that address more aspects than the usual cost, schedule, and quality considerations.
Following suggestions for proper adjustments and clarifications for the appropriate use of this group
of indicators, this research proceeds by introducing the risk aspect to the calculation of project
performance. Identified risks are modeled through fuzzy numbers to deal with data incompleteness
and then they are appropriately added to compose risk coefficients for the performance dimensions
expressed through the respective indicators. Then, the overall project’s performance is calculated
addressing a risk-informed performance assessment of construction projects. The whole process
is tested for verification with a theoretical example. The development of a simple yet inclusive
and adjustable methodological framework for risk-informed performance assessment is expected to
provide practitioners with a relatively easy approach for integrating both the risk and performance
management in construction.

Keywords: risk management; risk assessment; performance assessment; performance management;
performance evaluation; earned value analysis; construction projects; fuzzy numbers

1. Introduction

A long-standing ascertainment in the construction industry is that a large number of projects
does not achieve its objectives and goals, while only 40% of them are carried out in alignment with
the objectives and goals set by the management [1]. Complexity in delivering, in combination with
the large number of stakeholders that pursue their own—often competing—interests [2], along with
the pressures of a highly competitive economic environment constitute a framework where efficient
construction project management becomes essential for success.

Numerous academic and professional research efforts have focused on the key factors for successful
delivery of construction projects [2–15]; however, it is evident that this is a hard task as it requires
the integration of various stakeholders’ perspectives [16] that, furthermore, are volatile in terms of
their significance in different projects and different environments. Therefore, the efforts to compile
lists of commonly accepted key success factors or criteria or indicators, etc., are continuous without
achieving, though, the creation of a robust, shared platform for appraising construction projects’ success.
Table 1 supports this argument by summarizing the identified key success factors for construction
projects based on a review of 14 recent studies. As it is shown there, researchers clearly agree on
the consideration of time, cost, and quality as key success factors for construction projects; however,
the recorded degree of agreement concerning the rest of the identified factors is considerably less.
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The findings of this review are consistent with similar findings of other research works that have been
even more inclusive in terms of the reviewed literature [2].

Table 1. Literature findings on key success factors for construction projects.

Studies on Key Success Factors

Factors [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15]

Time X X X X X X X X X X X X X
Cost X X X X X X X X X X X X X

Quality X X X X X X X X X X X X
Safety X X X X X X

Client Satisfaction X X X
Team Satisfaction X

Profitability X X X
Risk X

Environmental Impact X
Effectiveness X X X

Billing X
Society Impact X

Staffing X
Procurement X

A probing observation of the listed factors in Table 1 leads to the conclusion that all of them with
the exception of one are actually constituents of the performance notion, as the latter is perceived
in the modern holistic context of performance management [17] that extends beyond the classical
approaches [18,19]. The factor that, although relative, is not a constituent of performance is risk.

The notion of risk, which is excessively studied in numerous cases, is generally considered as an
effect of the uncertainty and, consequently, as a measure of deviation from an anticipated outcome [20–22].
In this work, it is defined as the outcome of the uncertainty about several aspects of a problem in
hand combined with the anticipated consequence of a hazard’s occurrence. This approach is generally
accepted among those that have been proposed in the long period of the field’s development [23].

Managing performance and risks are, so far, two distinguished fields in the context
of project management in terms both of content and orientation of the applied processes.
Traditionally, risk management in the construction industry focuses rather on alleviating the adverse
effect of potential risks, than exploiting the opportunities that may be associated with them [17,24,25].
This attitude ensures a safe operational environment that supports the existence of a minimum level
of performance; however, it does not promote value creation through performance optimization [17].
On the other hand, performance management is largely perceived in practice as a sterile monitoring of
the achievement level of objectives [10] through the application of measuring systems that quantify,
ex post, the efficiency on achieving predetermined goals [17,26]. This practice does not support
well-informed predictions for future performance as previous experience and knowledge is solely
dependent on past conditions. At the same time, project development mechanisms and their inherent
complexities remain largely unexplored, while the collected data during a project’s development are
not adequately processed or even assessed for their accuracy and reliability [17,18]. These observations
clearly indicate the potential of a full integration between performance and risk management not only
aiming at aligning processes’ carrying out and objectives, but also at exploiting their complementarities
to achieve a dynamic performance management approach that shall utilize risk management results
for increasing performance and not only securing against performance reduction.

This paper aims at contributing to this course of research by building on previous works to propose
a methodology for a risk-informed performance assessment of construction projects. The significance
of this work lies mainly in the introduction of a structured mathematical approach for risk-informed
performance assessment, which allows the revision of construction projects’ performance goals based
on the success of managing risks in these projects. This integration is considered to be important as
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it systematizes project delivery processes, which although they run concurrently during a project’s
development, they are not integrated to allow full exploitation in setting realistic performance goals.

2. Risk and Performance Management Integration Approaches

The integration of risk and performance management frameworks has been proposed in a rather
limited number of previous research efforts. Starting from tracing the potential for such an integration,
a comparative analysis of strengths and weaknesses between the two frameworks has clearly shown
the parallels among them [17]. Furthermore, it was shown that the two frameworks are complementary
in serving the main purpose, i.e., reaching performance goals, yet starting from two different start
lines. From a performance management point of view, future performance is a pre-determined,
standard benchmark, which needs to be fulfilled based on the assumptions and conditions considered
at the design phase and their amendments due to real conditions occurring during the materialization
phase. This is a rather deterministic approach where performance is pursued up to a certain level. From a
risk management point of view, future performance is again a pre-determined, standard benchmark,
which, this time, needs to be safeguarded from known or unknown fluctuations and disturbances to
design requirements that occur during the project’s materialization phase. Therefore, risk management
is about ensuring the environment where performance management deploys [17] and when that is
achieved, performance is increased [22].

While the potential is identified, the methodological integration between the two frameworks has
not significantly progressed. The attempts made so far can be broadly classified in three groups:

• The contextual, which mainly propose a framing of risk and performance in the context of
broader frameworks such as strategic or enterprise risk management (ERM). For example, in [18],
performance management is identified as an autonomous step for strategy monitoring, while risk
management is identified as a component in the strategy realization step. In this case, there is
rather a co-operation than an integration of the two frameworks. Other efforts have concluded
that ERM and performance are positively related, nevertheless they have not investigated the
mechanisms or even the existence of a direct relation between the two frameworks [27–31].

• The controlling, which mainly focus on project control, in the light of uncertainty [32–34].
In these cases, deviations of performance expressed as time and cost are investigated through
Monte Carlo simulations addressing this way the modeling of uncertainties in performance
assessment. These attempts aim at detecting the potential of performance deviations through a
stochastic analysis and support project control rather than utilize risk management for setting
performance goals.

• The performative, which are actually combining risk and performance management to set new
performance goals during a project’s development. In this group of attempts, earned value
analysis (EVA) plays a central role by constituting the methodological background for
performance measurement that is further enhanced with risk management practices. For example,
the introduction of control charts [35] validates the idea of stochastically predicting deviations due
to potential risks, but also addresses the idea of moving from benchmark values to statistically
determined ones for setting performance goals. This idea is further developed in other research
efforts where setting performance goals is more and more enriched with risk management tools
and techniques. Based on a combination of EVA, statistical analysis, and Monte Carlo simulations,
tolerance limits are set for project’s performance control [36], or performance goals are directly
estimated with a level of confidence [37]. Even in cases when the required total work is either
completely unknown or uncertain, a proper modification of EVA to address fuzzy numbers is
proposed for estimating both past and future performance values [14].

The methodological integration that is proposed in this paper falls into the third group and
it expands on previous related research that combines EVA and benchmarking. The analytical
presentation of this integration is provided in Section 3.
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3. Proposed Methodological Integration of Risk and Performance Assessment

The proposed methodological integration expands the methodological framework that was
initially presented by Nassar in 2005 [15] and has been subjected to enrichments by other researchers.
The selection of this framework for proposing an integration between risk and performance
assessment was made due to the analytical mathematical structure it presented, the combination
between the benchmarking and the analytical calculation approaches, and its performative nature.
Nassar’s framework is also consistent with the requirements for structuring performance systems
concerning clarity of the measured performance [38] and appropriate selection of performance
indicators [39].

The proposed framework is presented in two parts. The first part presents the methodological
background that this research has used concerning performance assessment and the second part
presents the way to integrate this framework with the risk management framework as proposed in
this research.

3.1. Methodological Background for Performance Assessment

According to the adopted methodological background for performance assessment in this research,
construction project performance is successful when the project team, the company, or organization
carrying out the project and the client evaluate it so. The evaluation system used is common for these
project stakeholders and comprises eight so-called performance dimensions [15], which are represented
by respective indicators as shown in Sections 3.1.1–3.1.8

3.1.1. The Cost Dimension

The cost dimension is measured through the cost performance index (CPI) taken from EVA.
The index measures the achieved efficiency in the project, in terms of value earned for a specific amount
of actual costs. The known formula for calculating this index is presented in Equation (1):

CPI = EV/AC (1)

where EV is the earned value, i.e., the obtained value as a percentage of the budgeted work and AC is
the actual cost spent for this obtained value. Both measures reflect the overall progress until the period
where the project’s monitoring takes place.

3.1.2. The Time Dimension

The time dimension is measured through the schedule performance index (SPI) taken, again,
from EVA. The index measures the achieved efficiency in the project, in terms of value earned against
the anticipated progress based on the design. The known formula for calculating this index is presented
in Equation (2):

SPI = EV/PV (2)

where PV is the planned value, i.e., the budgeted work for a specific period of time based on the
project’s design. Again, both measures reflect the overall progress until the period where the project’s
monitoring takes place.

3.1.3. The Billing Dimension

The billing dimension is measured through the billing performance index (BPI), which measures
the billed against the earned revenue at the time of the project’s monitoring. The idea behind this
index is related to the efficiency of cash flows for a project under development. While construction
projects managers recognize the necessity of controlling costs and schedules, they pay significantly less
attention in securing cash flows for the whole duration of the project to avoid periods of shortage of
funds that in turn may have adverse impacts for the project’s development. Efficient cash flows are
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those with a positive sign (or marginally neutral) for the project and, moreover, those that are timely
processed; therefore, BPI is calculated with the formula presented in Equation (3):

BPI = BRWP/ERWP (3)

where BRWP is the billed revenue and ERWP is the earned revenue for the delivered worked until the
period where the project’s monitoring takes place.

3.1.4. The Safety Dimension

The safety dimension is measured through the safety performance index (SFI), which measures
the performance in retaining a safe environment during the development of the construction project.
This dimension is very significant as it introduces the safety factor, which has multiple impacts on the
project’s successful delivery ranging from productivity and cost to reputation and competitiveness
issues. The formula for calculating this index is presented in Equation (4):

SFI = LTI × C/M (4)

where LTI measures the lost time due to safety incidents, C is a constant that represents 100 employees
with full time annual occupation, and M measures the total man-hours required for the project until
the period where the project’s monitoring takes place.

3.1.5. The Profitability Dimension

The profitability dimension is measured through the profitability performance index (PPI),
which measures the earned revenue against the actual costs incurred until the time of the project’s
monitoring. The index evaluates the actual profits earned only after subtracting from the revenue all
direct and indirect costs and the calculation formula is presented in Equation (5):

PPI = ERWP/AC (5)

where ERWP and AC are measures that have been defined in Equations (1) and (3), respectively.

3.1.6. The Quality Dimension

The quality dimension is measured through the quality performance index (QPI), which addresses
the conformance of the realized work with the quality standards and specifications set both by the valid
regulatory framework wherein the project is delivered and the customer’s requirements. Given that
non-compliance requires reworks to reach the desired standards, the index measures the quality of
the worked performed by calculating the cost of reworks required as a percentage of the actual costs
incurred for the project’s construction. The calculation formula is presented in Equation (6):

QPI = Total Direct and Indirect Costs of Reworks/Total Field Costs (6)

3.1.7. The Team Satisfaction Dimension

The team satisfaction dimension is measured through the team satisfaction index (TSI),
which addresses the impact of human factor to the project’s performance. The effect of the human
factor in almost every other aspect of project performance is evident, especially for the construction
industry where there is still a large portion of works that are not automated. It could be argued
that the impact of the human factor is measured indirectly through the Equations (1)–(6), since the
indicators in these equations are affected from the human staff in a construction project. This argument,
although reasonable, does not eliminate the need for an index like TSI, since the indirect measurement
of the human factor’s impact is both vague (there is no particular indication as of the exact impact
of the human factor in a calculated index value) and partial (not all aspects of the human effect on
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performance are calculated). TSI as defined in [15] addresses 12 specific parameters of team satisfaction
with an impact to the project’s performance, namely:

1. Involvement with the project;
2. Client/Suppliers response to team’s needs;
3. Project Manager response to team’s needs;
4. Adequate equipment;
5. Adequate training;
6. Appropriate financial compensation;
7. Clarity of responsibilities;
8. Quality of supervision;
9. Interest in the nature of work;
10. Cooperative environment;
11. Conformity with internal procedures during work;
12. Access to project baselines and progress reports.

For each one of these parameters, the project management team sets the priority and level of
satisfaction, and the overall team satisfaction is calculated through the formula presented in Equation (7):

TSI =
12∑
1

Wi×Ri (7)

where Wi is the relative weight of priority with
∑12

1 Wi = 1, and Ri is the level of satisfaction in the
range [1, 10] with 10 signifying the maximum level of satisfaction.

3.1.8. The Client Dimension

The client dimension is measured through the client satisfaction index (CSI), which addresses the
impact of the correspondence to a client’s demands as a factor of project’s performance. Satisfying a
client’s demands can be a hard task with multiple impacts. It requires a thorough identification and
understanding of the client’s expectations and even the mechanisms that lead to their change, in order
to: (a) Retain a proper balance between reasonable and exaggerated demands, (b) minimize change
requests, and (c) manage expectations successfully to achieve smooth cooperation with the client and
good reputation as a supplier, which is a significant business asset in competition. As in the case of
TSI, CSI as defined in [15] addresses 12 specific parameters of client satisfaction with an impact to the
project’s performance, namely:

1. Understanding of the project requirements;
2. Understanding of client system and procedures;
3. Response to client requests/needs;
4. Flexibility and adjustment to change;
5. Overall capability of contractor’s project team;
6. Effective communication;
7. Innovation in problem solving;
8. Performance with respect to cost;
9. Performance with respect to schedule;
10. Performance with respect to service quality;
11. Performance with respect to product quality;
12. Performance with respect to safety procedures.
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For each one of these parameters, the project management team sets the priority and level of
satisfaction and the overall client satisfaction is calculated through the formula presented in Equation (8):

CSI =
12∑
1

Wi×Ri (8)

where Wi is the relative weight of priority with
∑12

1 Wi = 1, and Ri is the level of achievement in the
range [1, 10] with 10 signifying the maximum level of satisfaction.

3.1.9. Calculation of the Overall Project Performance

The indicators of the performance system are calculated based on measured data or evaluations
according to the nature of each index. The different nature of the indicators results in different ranges of
values for them; however, in all cases, it is easy to define the same performance classes for the indices.
Table 2 presents the classes and the corresponding values ranges according to the suggestions in [15].

Table 2. Performance classes for system’s indicators.

Class Condition Index Range

A Outstanding Performance I > 1.15
B Exceeding Target 1.05 < I ≤ 1.15
C Within Target 0.95 < I ≤ 1.05
D Below Target 0.85 < I ≤ 0.95
E Poor Performance I ≤ 0.85

The different nature of the indicators can also justify a differentiation of their contribution to the
overall project’s performance. Weighting of the indices can be done through expert judgments or with the
application of more systematic methods and techniques such as the analytical hierarchy process (AHP).
Finally, Nassar [15] has suggested Equation (9) for the calculation of the total project’s performance:

PI = w1 × CPI + w2 × SPI + w3 × BPI + w4 × PPI + w5 × SFI + w6 × QPI + w7 × TSI + w8 × CSI (9)

where PI is the project performance index, and wi is the relative weight of significance of each
performance indicator with

∑8
1 wi = 1.

3.2. Improvements of the Performance Assessment Methodological Background

The methodological background for performance assessment was further improved in this
research, both in content and processes. In particular, two indicators, BPI and QPI, were redefined and
a particular process of normalization for the calculation of PI was proposed. These novel interventions
are described in detail in Sections 3.2.1–3.2.3.

3.2.1. The Modified Billing Performance Index

BPI as defined in [15] focuses on the billing of the performed work, which is important as it shows
the readiness of the contractor to claim rewards; however, efficient cash flows are not secured only by
proper billing, but also and more importantly by timely payment of the rewards. Although, in terms
of logistics, cash flows can be recorded once billing is performed, payments are essential to retain
liquidity that is of utmost importance in production, especially for construction projects that present
volatilities in expenses. Another aspect is that payments are subjected to factors external to the project,
and they are controlled by the client or the funder and not by the project’s manager. Given that no
payments are feasible without the respective billing of the work performed, the maximum value of BPI
could be equal to 1, thus signifying full payment for the billed work. BPI’s adjustment to reflect the
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above and be consistent with the structural approach of other indices such as CPI and SPI, is achieved
through a new definition of the index, which is presented in Equation (10):

BPI = ERWP/BRWP (10)

Equation (10) is the reversed Equation (3) and the measures of the two equations have
identical interpretations.

3.2.2. The Modified Quality Performance Index

QPI as defined in [15] considers quality deviations only with respect to the construction phase.
Although reworks are mostly expected in that phase, quality deviations may be present in the design
phase as well. Moreover, any costs of reworks, i.e., any failures in quality have an impact on the overall
project’s performance, therefore the baseline to evaluate them should be the project’s actual (direct and
indirect) costs, instead of the costs in the construction phase. The adjustment to Equation (6) in order
to reflect the above, results to Equation (11):

QPI = CoR/(AC − CoR) (11)

where CoR is the total cost of reworks and AC is the actual cost of the whole project until the period
where the project’s monitoring takes place.

3.2.3. The Normalization Process

The eight weighted indices that are added to calculate the project’s performance according to
Equation (9) are not taking values in the range presented in Table 2. Although it might be feasible
to consider similar grading for the conditions of those indices that are measured as percentages
(e.g., CPI, SPI, etc.), this is absolutely not the case for indices as TSI and CSI, which are measured in
1–10 scales. A normalization is then required for the final calculation, which while is suggested in [15],
it is not described or shown there. In the context of this research, a standard normalization process is
proposed as following:

1. A two-dimensional system is created where the X axis represents the ranges that correspond to
each performance class as defined in Table 2 in the set of values for the specific indicator and the
Y axis represents the same ranges as defined in Table 2.

2. The marginal values of the respective classes in the two linear grading systems (i.e., the index’s
rating system and the normalized system) are forming pairs, which are plotted in the XY plane.
Then, a graphical presentation is created by drawing the trend line of the set of paired values.

3. The equation of the trend line is derived with a desired R2 approximating the value of “1” as the
best fitting equation is required to transpose from an indicator’s rating system to the normalized
respective one. For this reason, third degree polynomials are selected, although even linear
equations had an R2 > 0.98. It should be mentioned that polynomials of a greater degree could be
inappropriate due to overfitting.

4. The normalization equation can be used for transposing any value given to the indicator’s rating
system to the normalized rating system for the calculation of the project’s performance index.

The described process is presented in Figure 1 for PPI, while Table 3 summarizes the normalization
equations for all indices that according to [15] had rating systems different than the normalized rating
system, which is shown in Table 2.
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Table 3. Normalization equations for the indices rating systems defined according to [15].

Indicator Equation R2

BPI y = 4.9657x3
− 7.8118x2 + 4.0553x − 1.97 × 10−6 0.998

PPI y = 0.6197x3
− 1.5236x2 + 1.8159x − 2.23 × 10−5 0.999

SFI y = 3.3333x3
− 1x2

− 0.9333x + 1.15 1.0
QPI y = −0.0143x3 + 0.1167x2

− 0.35x + 1.2976 1.0
TSI y = 0.005x3

− 0.0923x2 + 0.6021x − 0.5148 0.999
CSI y = 0.005x3

− 0.0923x2 + 0.6021x − 0.5148 0.999

The normalization equations in Table 3 are respective to the rating systems proposed in Nassar [15].
Nevertheless, the proposed normalization process is simple, accurate, and adjustable to any rating
system that has to be defined by the project management team according to the project’s conditions
and the project’s stakeholders’ requirements.

3.3. Introduction of the Risk Factor in the Performance Assessment Methodology

The purpose of this paper as stated in the introduction is to integrate risk and performance
assessment. For that reason, the risk aspect has to be introduced to the selected performance assessment
methodology as improved after the modifications in the context of this research. This introduction can
be in the form of a risk factor that will be composed according to the reasoning that follows.

A proper risk management entails risk identification, assessment, and response. Given that in the
framework of this research, decisions are made based on the project’s performance index, the final stage
of risk management is excluded, therefore only risk identification and risk assessment are required.

Risk identification can be applied by the project management team through any of the
acknowledged methods and techniques available in the vast related literature. The identified risks are
noted as Rij, where i represents the affected performance index and therefore takes values in the set of
[1, 8], while j represents the code number of the risk and takes values in the set of [1, n], with n being
the total number of risks identified for the index i. With this notation, all identified risks are directly
related to the performance indices.

Risk assessment follows then with the use of the most generic formula for quantifying risks,
which is presented in Equation (12):

R = P × C (12)

where P is the probability of the risk to occur and C is the consequence upon occurrence of the risk.
The factors in Equation (12), ideally, should take real values estimated through the application of

appropriate models and quantification techniques; however, performing such quantifications in the
construction industry can be an extremely hard task due to the following two reasons: (a) The available
data are very often incomplete, inaccurate, and generally inappropriate for systematic assessments,
and (b) the approaches in practice are more qualitative and experience-based than mathematical and
model-based, therefore leading to rough estimations, which are often expressed in linguistic terms
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(e.g., very high probability, low consequence, etc.). To adjust to this reality and appropriately model
it for assessing construction projects risks, fuzzy theory provides an adequate framework that can
be easily applied [40,41]. Probability and consequence in Equation (12) can be represented as fuzzy
numbers taking values in a range of qualitative linguistic grades similar to those used in everyday
practice. The mathematical equivalent of these ratings is selected to be trapezoidal numbers, which are
broadly used in the respective literature for the easiness of their use [42]. Table 4 presents the proposed
trapezoidal fuzzy numbers for each grade of probability and consequence in the context of this research.
Scaling may differ based on the user’s risk attitude and experience.

Table 4. Performance classes for system’s indicators.

Probability (P) Class Fuzzy Number Consequence (C) Class Fuzzy Number

Absolute certain (0.8, 0.9, 1.0, 1.0; 1.0) Very high (0.7, 0.8, 0.9, 1.0; 1.0)
Very frequent (0.7, 0.8, 0.8, 0.9; 1.0) High (0.5, 0.6, 0.7, 0.8; 1.0)

Frequent (0.5, 0.6, 0.7, 0.8; 1.0) Moderate (0.3, 0.4, 0.5, 0.6; 1.0)
Probable (0.4, 0.5, 0.5, 0.6; 1.0) Low (0.1, 0.2, 0.3, 0.4; 1.0)

Occasional (0.2, 0.3, 0.4, 0.5; 1.0) Very low (0, 0.1, 0.2, 0.3; 1.0)
Rare (0.1, 0.2, 0.2, 0.3; 1.0)

Very rare (0, 0, 0.1, 0.2; 1.0)

Once the probabilities and consequences are associated with a specific class, the calculation of risk
is a simple product of fuzzy numbers that equals another fuzzy number, which is defuzzified through
the circumcenter of centroids rule used in [42,43], according to Equations (13) and (14):

SA(X0, Y0) = (
a + 2b + 2c + d

6
,
(2a + b− 3c) × (2d + c− 3b) + 5w2

12w
) (13)

CRRi j =
√

X2
0 + Y2

0 (14)

In Equation (13), a-d are the trapezoid’s apices and w is the trapezoid’s height, while in
Equation (14), CRRij is the final crisp number produced after the application of the defuzzification
process, which represents the risk rating of a certain risk j with an impact on an indicator i. Once all
Rij = CRRij are calculated, the risk-informed performance index is calculated with the following
step-by-step process:

• Step 1: Calculation of the risk associated with each performance index. Several formulae have been
proposed in the literature for calculating the total risk from individual risks [40,42,44,45]. To use an
equation that addresses crisp numbers and considers the uneven contribution of individual risks
to the overall risk, based on their significance as stated by their value, Equation (15) suggested
in [44] is adopted in the context of this research:

CRRi =

√∑N
1 (CRRij)2

N
(15)

where N is the number of total risks for a single dimension i.
• Step 2: Calculation of the risk level of each performance index. The risk level (RL) of a performance

index is actually the normalized value of the respective dimension’s total risk against the sum of
all total risks of all performance dimensions. It is calculated through Equation (16) and it allows
the weighting of all performance indices in the range [0, 1]:

RLi =
CRRi∑8
1 CRRi

(16)
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• Step 3: Calculation of the risk factor of each performance index. The risk factor (RF) is the risk
coefficient in the calculation of risk-informed performance. It is calculated for each performance
index through Equation (17):

RFi = 1 − RLi (17)

As it is evident from the equation, the more increased is the risk level of the performance dimension,
the lower is the value of the risk factor.

• Step 4: Calculation of risk-informed project’s performance index. The last step for calculating
risk-informed performance is the introduction of the risk factor to Equation (9). The new form of
the equation that calculates PI is that of Equation (18):

RiPI = w1 × RF1 × CPI + w2 × RF2 × SPI + w3 × RF3 × BPI + w4 × RF4 × PPI + w5 × RF5

× SFI + w6 × RF6 × QPI + w7 × RF7 × TSI + w8 × RF8 × CSI
(18)

As shown in this equation, the project’s performance index has been replaced by the risk-informed
performance index (RiPI), while all performance indices are weighted both in terms of their
significance and the risk that is associated to them.

The introduction of the risk coefficient in the assessment of project performance is rationalizing
the index’s value as it addresses the adverse effect that risks have in maximizing performance. This is
useful for decision-making as it indicates the potential reduction of the recorded performance at some
given point in time. Such indication along with the respective values of the indices of the various
performance dimensions may trigger specific interventions towards dimensional and total project’s
performance improvement.

3.4. Extension of the Risk-informed Performance Assessment Methodology

The introduction of the risk factor to the performance assessment methodology is a first significant
step towards the integration of risk and performance dimensions in performance management; however,
as addressed, it covers only the necessary calibration of performance assessments due to potential risk
occurrences, thus retaining a partial approach regarding both the control capacity and the predictive
power that such a methodology should present. For this reason, further extensions are required to
the proposed risk-informed performance assessment methodology, for it to become more valuable
towards performance control and prediction of future performance.

These extensions are inspired and following the example of previous work [32,33] and especially
the introduction of the project risk baseline (PRB), which is defined as “the evolution of the value of project
remaining risk over time: the remaining variability of project cost/duration during the project life cycle” [32].
Nevertheless, while the notion of PRB is very useful, the facts that it is limited to include only the
factors of project’s cost and duration and, more important, that these factors are not merged but
modeled as discrete performance control indicators leads to the need for developing a novel approach
that aims at modeling PRB as a comprehensive measure of all factors included in the performance
assessment methodology, described in Sections 3.1–3.3. Towards this direction, two new indicators of
planned performance (PP) and actual performance (AP) are defined as following:

• Planned performance (PP) is the value of performance that must be achieved at the construction
project’s completion according to the project’s planning and design. The maximum value of PP is
taken through Equation (18) when no deviations from planning occur (i.e., CPI = SPI = BPI = 1)
and is dependent on the values that the construction project manager sets for the factors affecting
performance (i.e., indicators calculated from Equations (4), (5), (7), (8) and (11)).

• Actual performance (AP) is the value of performance that is actually achieved at the time when
the project’s control is taking place. At this point, all variables are taking the values recorded
according to the project’s progress and AP is calculated through Equation (18) (i.e., AP = RiPI).
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To link PP and AP with the construction project’s completion phase, the two indicators are
multiplied with the project’s planned percentage of completion (PPC) and the project’s percentage
of completion (PC), respectively. The result is the planned performance for a planned percentage of
the project’s completion (PPPPC) and the actual performance for the actual percentage of the project’s
completion (APPC). Once the planned and actual performance are linked with the actual project’s
progress, the performance risk baseline (PRB) is defined as the evolution of the value of the project’s
risks for achieving performance throughout the construction project’s life cycle. This definition expands
the one given in [32] by further integrating the notions of risk and performance, which is the aim of
this research. PRB is assessed according to the project’s control plan by using Equation (19):

PRBt = PP − PPPPC (19)

where PRBt is the construction project’s performance risk baseline at a specific time t. Equation (19)
reflects that project’s risks for achieving performance are increased at the project’s beginning, and they
are reducing throughout the project’s life cycle and towards project’s completion.

The variation of PRB between two consecutive project controls is calculated from Equation (20):

wPt = PRBt−1 − PRBt (20)

At this point, the construction project’s performance is already risk-informed and linked with the
project’s progress, while it can also be allotted in time. What is still required is to consider the potential
tolerance of performance variations that ensure keeping performance under predefined thresholds
through the construction project’s lifecycle. This tolerance is the last factor that should be considered in
project’s performance control and estimations of risk-informed future performance and it is introduced
to the methodology through the following process:

• Step 1: The project performance buffer (PPB) is defined according to Equation (21):

PPB = APmean − APp (21)

where APmean is the project’s estimated mean actual performance and APp is the estimated
performance for a given level of confidence p. Both estimations are based on Monte Carlo
simulation, where the simulated variables are the performance indicators that determine RiPI
(AP), while the risk factors and weights in Equation (18) are constants determined by the analyst.

• Step 2: PPB is allotted in time according to the project’s control plan, based on Equation (22):

PBt = (wPt × PPB/σ2
Pp) (22)

where σ2
Pp is the total performance variation, i.e., σ2

Pp = ΣwPt. The accumulated performance
buffer at any given time (APBt) indicates the total use of the buffer until the period of the project’s
control and is calculated according to Equation (23):

APBt = PBt + APBt−1 (23)

• Step 3: Project control entails the comparison of the accumulated performance buffer (APBt)
added to the actual performance at a given time with the planned performance at the same time.
This comparison is mathematically expressed by Equation (24):

PCIt = APBt + APPC − PPPPC (24)

where PCIt is the performance control index, which can be either: (a) Positive (PCIt > 0),
thus indicating an improved performance compared to the planned one or (b) negative (PCIt < 0),
thus indicating a reduced performance compared to the originally planned.
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• Step 4: Having knowledge of the project’s status regarding performance achievement, the methodology
concludes with the estimation of performance at project’s completion. The respective index (EPACt)
is calculated according to Equation (25):

EPACt = (PP + PCIt) (25)

EPACt is the estimated performance at project’s completion and a greater value than PP
(EPACt > PP) indicates the existence of a quantified performance surplus that can be managed
accordingly, while a lower value than PP (EPACt < PP) indicates the existence of a quantified
performance shortage that should be covered through appropriate interventions.

The full application of the extended risk-informed performance assessment methodology
introduces construction project’s performance control and construction project’s performance estimation
at completion, thus providing a full review of the project’s performance during its life cycle.

3.5. Verification of Risk-Informed Performance Assessment

The verification of the methodological framework is attempted by applying it to a theoretical
example that is presented in [32]. This particular example was selected intentionally as it allows
comparisons between the two approaches (i.e., this research’s and the research presented in [32]) and
their results; however, the application of the proposed methodology requires more data that were
selected arbitrarily, yet close to the original values to constitute all together a realistic theoretical example.

As shown in Figure 2, the example presents a construction project’s segment that comprises four
activities, A1–A4. Table 7 presents the planned and actual durations and costs, while the following
assumptions are also considered for the theoretical example:

• Fees include 10% profit. Payments are expected to be fully consistent with billing at the design
phase; however, the actual cash flows are recorded as presented in Table 5.

• Each activity is carried out from a team of two persons. The total man-hours for the completion
of the project are 380. An initial estimation at the design phase for a loss of 10 manhours is not
confirmed as the actual manhours lost are as presented in Table 5.

• At the design phase, the cost of reworks is expected to be at 750 €; however, the actual cost of
reworks is the one presented in Table 5.

• The evaluation, at the design phase, of all parameters for both Team and Client satisfaction
considers a level of satisfaction set at 8; however, the actual values of the levels of satisfaction for
each parameter of each factor are those presented in Tables 6 and 8.

• Eleven risks have been identified through the risk identification process.
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Figure 2. Theoretical example: Construction project’s activities. 

Table 5. Cost and time data of the theoretical example. 

Activities  
Planned Duration (weeks) Planned 

Cost (€) 
Actual Duration 

(weeks) 
Actual 
Cost (€) Minimum Maximum Mean 

A1 
A2 

1 
2 

3 
6 

2 700 3 720 
4 1900 4 2000 

A3 3 7 5 1500 6 1620 
A4 1 3 2 700 2 750 

Total   9 4800 11 5090 

Table 6. Performance data upon construction project’s completion of the theoretical example. 

Week Running 
Activity 

Work 
Completed 

(%) 
AC (€) Payments 

(€) 
Lost Man-

Hours (hrs) 

Cost of 
Reworks 

(€) 
1 A1 4 240 0 6 0 
2 A1 8 240 0 9 0 
3 A1 12 240 0 2 0 
4 A2,A3 24 770 0 5 270 
5 A2,A3 36 770 0 8 230 
6 A2,A3 48 770 3333 0 0 

Figure 2. Theoretical example: Construction project’s activities.
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Table 5. Performance data upon construction project’s completion of the theoretical example.

Week Running
Activity

Work
Completed (%) AC (€) Payments

(€)
Lost Man-Hours

(hrs)
Cost of

Reworks (€)

1 A1 4 240 0 6 0
2 A1 8 240 0 9 0
3 A1 12 240 0 2 0
4 A2,A3 24 770 0 5 270
5 A2,A3 36 770 0 8 230
6 A2,A3 48 770 3333 0 0
7 A2,A3 60 770 0 1 500
8 A3 70 270 0 5 0
9 A3 80 270 0 2 0

10 A4 90 375 0 0 0
11 A4 100 375 0 0 0
12 - 0 0 - -
13 - 0 0 - -
14 - 0 2266 - -

Total 5090 5599 38 1000

Table 6. Calculation of team satisfaction index (TSI) for indicative weightings and levels of satisfaction.

Satisfaction Parameter Weights Level of Satisfaction Product

1 0.0795 6 0.477
2 0.0756 7 0.530
3 0.0622 6 0.373
4 0.1009 8 0.807
5 0.1035 8 0.828
6 0.1016 9 0.914
7 0.0795 5 0.397
8 0.0795 5 0.397
9 0.0795 8 0.636

10 0.0795 8 0.636
11 0.0795 6 0.477
12 0.0795 7 0.556

TSI 7.028

Table 7. Cost and time data of the theoretical example.

Activities
Planned Duration (Weeks) Planned

Cost (€)
Actual Duration

(Weeks)
Actual
Cost (€)Minimum Maximum Mean

A1 1 3 2 700 3 720
A2 2 6 4 1900 4 2000
A3 3 7 5 1500 6 1620
A4 1 3 2 700 2 750

Total 9 4800 11 5090

The application of Equations (1), (2), (4), (5), (7), (8), (10) and (11) results to the non-normalized
values of the indices. Then following the normalization process with the equations shown in Table 3,
the final normalized values of the indices are shown in Table 9. Table 9 also presents the weights of
each performance dimension for the calculation of the project’s performance index.
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Table 8. Calculation of client satisfaction index (CSI) for indicative weightings and levels of satisfaction.

Satisfaction Parameter Weights Level of Satisfaction Product

1 0.0801 6 0.481
2 0.0769 7 0.539
3 0.0657 6 0.394
4 0.0980 8 0.784
5 0.1002 6 0.601
6 0.0985 6 0.591
7 0.0801 7 0.561
8 0.0801 8 0.641
9 0.0801 8 0.641

10 0.0801 7 0.561
11 0.0801 8 0.641
12 0.0801 9 0.721

CSI 7.154

Table 9. Non-normalized and normalized values of performance indices.

Performance Index Non-Normalized
Value Normalized Value Weights

CPI 0.943 0.943 0.15
SPI 1.000 1.000 0.10
BPI 0.595 0.693 0.10
SFI 0.100 1.050 0.15
PPI 0.655 0.710 0.15
QPI 0.244 1.218 0.15
TSI 7.028 0.893 0.10
CSI 7.154 0.899 0.10

The introduction of the risk aspect in the calculation of construction project’s performance is
achieved through the implementation of the risk assessment process (Equations (12)–(17)) that is
described in Section 3.2. The calculation results are presented in Tables 10–12.

Table 10. Risk quantification with the use of fuzzy numbers.

Risk Probability Consequence Rij

R11 (0.4, 0.5, 0.5, 0.6; 1.0) (0.5, 0.6, 0.7, 0.8; 1.0) (0.20, 0.30, 0.35, 0.48; 1.0)
R12 (0.5, 0.6, 0.7, 0.8; 1.0) (0.5, 0.6, 0.7, 0.8; 1.0) (0.25, 0.36, 0.49, 0.64; 1.0)
R21 (0.5, 0.6, 0.7, 0.8; 1.0) (0.5, 0.6, 0.7, 0.8; 1.0) (0.25, 0.36, 0.49, 0.64; 1.0)
R22 (0.4, 0.5, 0.5, 0.6; 1.0) (0.1, 0.2, 0.3, 0.4; 1.0) (0.04, 0.10, 0.15, 0.24; 1.0)
R31 (0.2, 0.3, 0.4, 0.5; 1.0) (0.1, 0.2, 0.3, 0.4; 1.0) (0.02, 0.06, 0.12, 0.20; 1.0)
R41 (0.7, 0.8, 0.8, 0.9; 1.0) (0.5, 0.6, 0.7, 0.8; 1.0) (0.35, 0.48, 0.56, 0.72; 1.0)
R42 (0.2, 0.3, 0.4, 0.5; 1.0) (0.3, 0.4, 0.5, 0.6; 1.0) (0.06, 0.12, 0.20, 0.30; 1.0)
R51 (0.4, 0.5, 0.5, 0.6; 1.0) (0.1, 0.2, 0.3, 0.4; 1.0) (0.04, 0.10, 0.15, 0.24; 1.0)
R61 (0.7, 0.8, 0.8, 0.9; 1.0) (0, 0.1, 0.2, 0.3; 1.0) (0, 0.08, 0.16, 0.27; 1.0)
R71 (0.1, 0.2, 0.2, 0.3; 1.0) (0.3, 0.4, 0.5, 0.6; 1.0) (0.03, 0.08, 0.10, 0.18; 1.0)
R81 (0, 0, 0.1, 0.2; 1.0) (0, 0.1, 0.2, 0.3; 1.0) (0, 0, 0.02, 0.06; 1.0)

Having calculated all the factors of Equation (18), the risk-informed performance index of the
construction project is assessed as shown below:

RiPI = 0.15 × 0.852 × 0.943 + 0.10 × 0.864 × 1.000 + 0.10 × 0.887 × 0.693 + 0.15 × 0.850 × 1.050 + 0.15
× 0.885 × 0.710 + 0.15 × 0.887 × 1.218 + 0.10 × 0.886 × 0.893 + 0.10 × 0.888 × 0.899 = 0.818

Based on the RiPI calculation, the project’s performance falls into class E (RiPI ≤ 0.85), which is
considered as poor performance.
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Table 11. Crisp risk rating calculation after defuzzification.

Risk X0 Y0 CRRij

R11 0.330 0.405 0.522
R12 0.432 0.382 0.576
R21 0.432 0.382 0.576
R22 0.130 0.409 0.429
R31 0.097 0.409 0.421
R41 0.525 0.393 0.656
R42 0.167 0.403 0.437
R51 0.130 0.409 0.429
R61 0.125 0.401 0.420
R71 0.095 0.414 0.425
R81 0.017 0.416 0.416

Table 12. Risk levels and risk factors calculations.

Performance Index CRRi RL RF

CPI 0.550 0.148 0.852
SPI 0.508 0.136 0.864
BPI 0.421 0.113 0.887
SFI 0.557 0.150 0.850
PPI 0.429 0.115 0.885
QPI 0.420 0.113 0.887
TSI 0.425 0.114 0.886
CSI 0.416 0.112 0.888

Based on the numerical data for the theoretical example according to planning and design,
the application of Equation (18) yields PP = 0.918. Then, considering a weekly performance control
period for specific scheduled and actual project’s progress and applying Equations (19) and (20), Table 13
and Figure 3 summarize the project’s actual and planned performance during the project’s lifecycle.

Table 13. Planned and actual project’s progress and performance elements.

Week
Work

Completion as
Scheduled (%)

PPPPC PRBt wPt

Actual Work
Completion

(%)

Actual
Performance

(AP)
APPC

0 0 0 0.918 0 0 0 0
1 7.29 0.067 0.851 0.067 4 0.646 0.026
2 14.58 0.134 0.784 0.067 8 0.642 0.051
3 30.73 0.282 0.636 0.148 12 0.647 0.078
4 46.88 0.430 0.488 0.148 24 0.635 0.152
5 63.02 0.579 0.339 0.148 36 0.630 0.227
6 79.17 0.727 0.191 0.148 48 0.871 0.418
7 85.42 0.784 0.134 0.057 60 0.813 0.488
8 92.71 0.851 0.067 0.067 70 0.812 0.568
9 100 0.918 0 0.067 80 0.814 0.651

10 - - - - 90 0.813 0.732
11 - - - - 100 0.818 0.818
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Figure 3. Actual and planned performance’s evolution during the project’s life cycle.

The project performance buffer (PPB) for the theoretical example was calculated by performing
a Monte Carlo simulation of 5000 iterations with the use of specific software (SPSS v.18). The level
of confidence was set to 90% and the expected value was set to 0.918, i.e., the calculated value of PP.
Then, the simulation returned the result shown in Figure 4, where the mean performance (APmean) is
estimated at 0.90, the performance at the confidence level (AP0.90) is estimated at 0.824, and PPB is
estimated at 0.076, according to Equation (21).
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Finally, the application of Equations (22)–(25) results in the outcome presented in Table 14 regarding
the performance control index and the estimation of performance at project’s completion. As shown
there (column PCIt), the project is constantly underperforming at all control points. Performance
is increasingly reduced until the sixth week where the trend is reversed, however, not enough to
return to acceptable performance levels until the project’s completion. The improvement after the
sixth week is due to the effect of the BPI index to the project’s performance, which is changed
after the payment made then (see Table 5). The final outcome is consistent with the analysis made
in [32] for the same example, concerning the failure in meeting schedule performance requirements.



Sustainability 2020, 12, 5321 18 of 21

As already mentioned, the proposed methodology integrates considerably more constituents of a
project’s parameters, thus providing a more holistic view and estimation of performance.

Table 14. Planned and actual project’s progress and performance elements.

Week Actual Work
Completion (%) AP APPC APBt PPPPC PCIt EPACt

1 4 0.646 0.026 0.006 0.067 −0.036 0.882
2 8 0.642 0.051 0.011 0.134 −0.071 0.847
3 12 0.647 0.078 0.023 0.282 −0.181 0.737
4 24 0.635 0.152 0.036 0.430 −0.242 0.676
5 36 0.630 0.227 0.048 0.579 −0.304 0.614
6 48 0.871 0.418 0.060 0.727 −0.249 0.669
7 60 0.813 0.488 0.065 0.784 −0.231 0.687
8 70 0.812 0.568 0.070 0.851 −0.212 0.706
9 80 0.814 0.651 0.076 0.918 −0.191 0.727
10 90 0.813 0.732 0.076 0.918 −0.110 0.808
11 100 0.818 0.818 0.076 0.918 −0.024 0.884

Table 14 also presents the estimation of performance at project’s completion (EPACt), which,
since the first week, is constantly estimated below the estimated value of PP. This estimation does
not only confirm the project’s underperformance, which is quantified with PCIt, but also provides a
quantified value of the distance that has to be covered towards reaching the performance requirements
set at the project’s design. Covering this distance is a decision-making problem for the project’s
manager and management team and the proposed methodology provides quantified results of a
risk-informed performance assessment to facilitate the decision-making process.

4. Discussion and Conclusions

This work contributes to the course of research of assessing construction projects performance
through the incorporation of risk management. Although very relevant, the two frameworks remain
heavily segmented despite the similarities in the processing and the common output, which is a
decision-making factor. The proposed methodological framework for risk-informed construction
project performance assessment integrates the benchmarking approach through indicators with a robust
yet simple mathematical structure that is fully deployed in this paper. This approach does not take,
directly, into consideration the potential interdependencies between performance variables. It rather
settles to consider them only at the stage of assigning values to the model’s variables, where these
values are provided based on several determining factors, including the interdependencies between
performance elements. The reason for such an approach is that with respect to this issue, this research
focused entirely on addressing the integration between risk and performance; therefore the performance
model was selected to be an appropriate adaptation, evolution and, eventually, enrichment of previous
work to improve the knowledge background and develop a new framework that incorporates the risk
aspect in the form of coefficients to performance dimensions.

The proposed methodological framework is balancing between the required robustness and
completeness of a sound approach and the adjustability and subjectivity that decision-making processes
require and inherently possess. There are many weightings and ratings that introduce the human aspect
of stakeholders and project management teams both concerning performance and risk aspects. At the
same time, there are indicators assessed purely based on recorded data, while the adoption of fuzzy
numbers for the modeling of risk provides a sound way for dealing with incompleteness of data when
this is occurring. The research’s most important contribution though is that it performs risk-informed
performance control and future performance estimations and provides quantified outputs that can
be used from the construction project’s management team for deciding appropriate interventions
with respect to the achieved and desired project’s performance. A comprehensive and easy to apply
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methodology such as the proposed one may be very useful for project managers in their everyday
decision-making tasks and facilitate successful project’s performance management.

This research revisits the field of integrating risk and performance in a way that raises more
questions and trigger further research. For example, what is the trade-off between costs and benefits
from establishing processes and assigning resources to collect all the required data and then analyze
them for an integrated risk and performance management? What should be the level of accuracy
for modeling risks with fuzzy numbers or for determining the marginal values for the performance
classes? What is the amount of the effort required when the several weightings and ratings by expert
judgments involved are not considered as constants, but are subjected to changes during the project’s
lifecycle? What is the amount of the effort required for applying this methodological framework in
case of large and complicated projects?

Investigating for the responses of these questions and a constant revision process of the proposed
framework are expected to be topics of related future research. Achieving better modeling of the
performance variables by including their interdependencies and better calibration of the several
weighting factors addressed in the methodology shall advance even more risk-informed performance
assessment of construction projects.
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