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Abstract. The primary purpose of the current study is introducing a comprehensive approach to identify the relationship 
among different criteria in Earned Value Management (EVM). EVM is a well-known approach in project management 
context that can monitor schedule and cost performance indexes in projects simultaneously. The EVM detects current 
project performances and also predicts at completion costs of the project. In this study, employing Interpretive Structural 
Modelling, interactions which exist among affecting factors on EVM’s success are determined. First, all of the practical fac-
tors on EVM are determined and categorized into four main clusters; then the most effective ones are separated from the 
clusters; eventually, ISM is used based on eleven ultimate critical criteria. The results demonstrate that “Instability in the 
construction market” and “Macroeconomic indicators” are the most influencing factors affecting the EVM. Finally, a novel 
method for enhancing the performance of conventional EVM is presented. The proposed approach would be highly ap-
plicable for engineering managers who are willing to promote the current performance of the systems. Most studies have 
been previously carried out on the applications of the EVM in terms of improving final cost and total duration elapsed 
whereas there is not any particular study on the EVM issue which has stated the key factors that influence the EVM and 
lasting effect on the project performance. It should be noted that the proposed approach can be employed through the life 
cycle of any project particularly in construction projects.

Keywords: Earned Value Management, interpretive structural modelling, schedule and cost performance indexes, CPI, at 
completion costs.

Introduction

Nowadays, investment amount in construction projects is 
experiencing an increasing trend, so the primary concern 
of engineering and project managers is to accomplish a 
project on-time, on budget, with an acceptable level of 
quality (Tabei et al., 2017; Kasravi et al., 2019). In order 
to reduce the projects duration several kinds of research 
have been conducted recently (Mahmoudi & Feylizadeh, 
2018; Feylizadeh et al., 2018). Indeed, time and cost and 
quality are the three critical factors to meet project objec-
tives (Xu et al., 2019). Meanwhile, the EVM assists project 
managers in identifying factors affecting project objectives 
in order to monitor the current deviations observed. The 
EVM is a method which incorporating scope, cost, and 
schedule in order to measure project performance indexes 
simultaneously. It is the most frequently utilized method 

for detecting current performance as well as forecasting 
at completion costs. The EVM reports variances and per-
formance indices for project costs and schedules as well 
as predicting project costs and schedule at completion 
(Acosta, 2015). Despite this, EVM has some shortcomings 
that have been identified by other scholars. For instance, 
implementation of EVM is complicated and in some situ-
ations it is costly. Also, understanding the main concept of 
EVM is not an easy task for the project team and project 
teams are often confused about it. It is interesting to men-
tion that the type of contract may have a negative effect 
on the EVM especially when the contract is fixed price. 
EVM uses cost as the main factor for measuring the per-
formance of the projects, which may lead to wrong results. 
Moreover, EVM does not have a suitable performance that 
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would allow the quality of the project to be considered 
(Mahmoudi et al., 2019). The conventional EVM includes 
32 criteria as registered in “ANSI/EIA#748”. These criteria 
are the whole of the requirements which are summarized 
in five main groups:

 – Organization;
 – Planning, Scheduling, and Budgeting; 
 – Accounting Consideration;
 – Analysis and Management Report;
 – Revisions and Data Maintenance.

In the second group (Planning, Scheduling, and Budg-
eting) time, cost, risk, and quality are the most critical 
factors affecting the EVM’s success. Moreover, the current 
study employs literature review and semi-structured in-
terviews for extracting crucial factors in EVM as well. By 
identifying the critical success factors, top-level manag-
ers would control the effects of key factors on EVM’s im-
plementation. On the other hand, interpretive structural 
modelling is a practical methodology for understanding 
complex conditions. Also, interpretive structural model-
ling is a well-known method that can identify the rela-
tionship among different factors. Therefore, in the current 
study, these factors are defined and the relationship among 
all factors has been determined using interpretive struc-
ture modelling, which could assist the project manager to 
enhance the performance of the project undertaken.

1. Background

The EVM has been mandated by the U.S. government 
(Fleming & Koppelman, 1998). After several years, it 
became known as the Earned Value Management Sys-
tem (EVMS). According to the research topic, the EVM 
approach was combined with other mathematical mod-
els such as Fuzzy theory (Kuchta, 2005). The main ad-
vantage of the fuzzy EVM was it considered uncertainty 
while measuring the performance of the project. In fact, 
in real-world situations, the input data cannot be deter-
mined precisely and the project team may just provide a 
membership function for them, hence, employing fuzzy 
EVM can be useful for measuring the performance of the 
project. However, the main limitation of fuzzy EVM is 
finding appropriate membership function for input data 
when the experts are absent. Meanwile, Mahmoudi et al. 
(2019) proposed grey EVM that requires simple calcula-
tion and can function without expert experience under 
uncertainty condition. Cioffi (2006) tried to add measure-
ment indicators to the EVM. Indeed, he introduced new 
notations for EVM while the flexibility of the EVM was 
enhanced for calculating the performance of the projects 
in different states. Graham (2007) combined risk manage-
ment and EVM with each other. Based on his approach, 
project managers could use the result of the EVM for 
tracking high-risk elements in projects. Lipke et al. (2009) 
proposed a web-based system for the financial projec-
tions and estimates while it could aid project managers in 
making an informed decision. Sujatha and Sruthi (2016) 
tried to facilitate the computation of the performance of 

the project for project managers. They employed Analyti-
cal Network Process (ANP) structure model as a reliable 
decision-making method to analyze the judgments on 
all factors involving EVM. Many approaches have been 
proposed by scholars for improving the performance of 
the EVM, but the Interpretive Structural Modeling as a 
research gap has not been employed in the EVM based 
researches. This study deals with existing gaps in the EVM 
system, and in order to attain a functional structure in 
controlling project performance, a combined earned value 
management and interpretive structural modeling is here-
by proposed for engineering managers. As mentioned the 
main indexes of study are considered time, cost, risk, and 
quality. The following Table 1 presents the affecting factors 
set on primary research indexes.

2. Research methodology

In this research, an Interpretive Structural Modelling is 
utilized. The Interpretive Structural Modelling (ISM) is a 
method used to identify the relationship between specific 
elements, which define an issue observed. The ISM is also 
an interactive learning process in which a set of directly 
related and disparate elements are structured into a com-
prehensive systematic model. 

The basic idea behind ISM is to utilize experts’ practi-
cal experience and knowledge to construct a multi-level 
structural model; it was firstly developed in the 1970s (Jay-
ant & Azhar, 2014). In the ISM methodology, a systematic 
application of some basic principles of the graph theory 
is employed in a way that theoretical, and computational 
influence are exploited to clarify the complex prototype 
for the relationship among a set of variables. It is primar-
ily proposed as a group learning process, but can also be 
applied individually. The ISM process enhances unclear, 
poorly articulated models of systems into a visible, well-
defined model. It might act as a tool for imposing order 
and direction on the complexity of relationships that exist 
among the whole variables. The main advantages of ISM 
are presented below (Movahedipour et al., 2017):

 – It assists in presenting a complicated system in a sim-
plified manner.

 – It yields an interpretation of the fixed objects.
 – It facilitates the detection of the structure of a system.

On the other hand, EVM has some limitations and its 
implementation is complicated in many situations. The 
main object of the EVM measures the performance of the 
project while it is a fixed object for projects. Moreover, 
understanding the main concept of EVM is not easy work 
for the stakeholders and project teams are often confused 
about its implementation. Therefore, ISM can contribute 
to the project team for implementing EVM method.

In this study, after identification of issue’s factors, the 
structural model is constructed. ISM steps are shown in 
Figure 1.

This study is an empirical research with a descrip-
tive survey. The statistical population of the survey was 
considered 40 companies. By using Cochran formula, the 
study’s sample for an alpha level a priori at 0.05 (error of 
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Table 1. Earned value management influencing factors

Categories Influencing factors on EVM

Time

Gross floor area (Dursun & Stoy, 2012); Number of floors (Torp et al., 2016); Type of building ability (simple/complex) 
(Dursun & Stoy, 2012); Type of facility (housing/commercial/other) (Dursun & Stoy, 2012); Type of project (buildings/
civil works) (Dursun & Stoy, 2012); Changes in specifications of design and material types during construction (Marzouk 
& El-Rasas, 2014); Mistakes and discrepancies in design documents, and defining project tasks (Khoshgoftar et al., 2010); 
Material and equipment availability and failure (Bari et al., 2012); Delays in delivery and transfer equipment and raw 
material to project site (Akogbe et al., 2013); Slowness of the decision-making process (Polat et al., 2014); The intensive 
time set by the owner (Baghdadi & Kishk, 2015); Project team productivity (Zidane et al., 2015); Delays in contractor’s 
payment by owner (Sweis et al., 2008); The low accuracy of time estimation of activities (Long et al., 2004); Design 
changes by owner or agent during construction (Marzouk & El-Rasas, 2014); Type of client (public/private) (Dursun 
& Stoy, 2012); Team communication efficacy and team working (Chester, 2005); Using control systems (Patanakul, 
2014); Inadequate contractor experience (Elawi et  al., 2016); Poor coordination and communication among parties 
and conflicts among project participants (Zidane et al., 2015); Changes in building codes (Khodeir & Mohamed, 2015); 
Changes in laws and regulations (Wa’el et al., 2007); Inflation and fluctuations in material price, equipment, and salary 
(Baghdadi & Kishk, 2015); Political and economic sanctions and lack of materials (Baghdadi & Kishk, 2015).

Cost

Inappropriate price bid by the employer (Muya et al., 2013); Change orders/Scope changes by stakeholders (Ahsan & 
Gunawan, 2010); Construction mistakes and defective work (Ahsan & Gunawan, 2010); Lack of database in estimating 
activity duration and resources (Aziz & Abdel-Hakam, 2016); Incomplete design and ambiguous documents (Toh et al., 
2012); Poor construction planning (Dursun & Stoy, 2012); Variations in the sequencing of tasks (Frimpong, 2003); Poor 
experience of stakeholders (Dursun & Stoy, 2012); Complexity in cost estimating and weak technical studies (Muya et al., 
2013); Lack of access to project information (Frimpong, 2003); Poor cost control (Dursun & Stoy, 2012); Obtaining 
permits from the municipality (Aziz & Abdel-Hakam, 2016); Changes in laws and regulations during construction (Aziz 
& Abdel-Hakam, 2016); Termination of the agreement and contract based on public and private conditions (Aziz & 
Abdel-Hakam, 2016); Inflation (Baghdadi & Kishk, 2015); Disproportion between inflation rate and adjustment index 
(Ahsan & Gunawan, 2010); Macroeconomic indicators such as recessions, inflation, producer price index, raw material 
prices and labor (Aziz & Abdel-Hakam, 2016); Economic conditions (Muya et al., 2013).

Risk

Improper budgeting & contingencies (Khodeir & Mohamed, 2015); Damage of equipment and materials in storage (Aziz 
& Abdel-Hakam, 2016); Slow delivery of materials and materials availability (Baghdadi & Kishk, 2015); Contractor 
selection based on a low bid price regardless of technical ability (Aziz & Abdel-Hakam, 2016); Currency fluctuation 
(Baghdadi & Kishk, 2015); Inadequate scope (Baghdadi & Kishk, 2015); Changes or errors in design (Aziz & Abdel-
Hakam, 2016); Design details unclear & inadequate (Aziz & Abdel-Hakam, 2016); Errors committed during field 
construction (Baghdadi & Kishk, 2015); Risks related to labor (injuries, disputes, little motivation, absenteeism…) 
(Aziz & Abdel-Hakam, 2016); Labor strikes (Baghdadi & Kishk, 2015); Uncertainty in project (Patanakul, 2014)/ Low 
labor productivity (Marzouk & El-Rasas, 2014); Shortage of skilled laborers and Equipment productivity (Aziz & Abdel-
Hakam, 2016).

Quality

Design quality regarding details (Dursun & Stoy, 2012); Low quality of construction materials (Aziz & Abdel-Hakam, 
2016); Ineffective scheduling of project (Aziz & Abdel-Hakam, 2016); Mistakes and discrepancies in contract documents 
(Aziz & Abdel-Hakam, 2016); Lack of experience of consulting in construction projects (Dursun & Stoy, 2012); Quality 
assurance/control and application of quality control based on foreign specifications (Patanakul, 2014); Instability in 
construction market (Muya et  al., 2013); Insufficient available utilities on site, Geological problems on site (Aziz & 
Abdel-Hakam, 2016); Environmental concerns and restrictions (Aziz & Abdel-Hakam, 2016).

5%) was computed for 35 samples observed. After review-
ing all elements affecting the earned value management, 
73 factors were identified and listed in four main indexes 
as are presented in Table 1. Then all the factors were re-
vised, and similarities were then eliminated. Afterward, a 
questionnaire was distributed among experts in the field 
of the project management system to identify the most 
critical factors that were derived in the last step. It should 
be noted that according to the responses of the projects’ 
experts, the following elements are the most important 
affecting factors on earned value management’s success. 

In this study, to identify the contextual relationship 
among the criteria, the second questionnaire was de-
signed to compare pairwise elements. According to the 
initial questionnaire sample size, 13 experts were consid-
ered to investigate pair-wise comparison. Considering the 
four main indexes of the earned value management (time, 
cost, risk, quality), factors were derived from the initial 

questionnaire analysis; for time index, the first four fac-
tors of the Table 2; cost index, the first three factors; risk 
index, the first three factors, and for quality index, the first 
factor was considered in the ISM model. In Table 3, all the 
elements were taken from Table 2 except Factor 10. Factor 
10 was obtained based on expert judgments rather than 
the literature survey. Based on the framework presented in 
Figure 1, the steps of data analysis in ISM are summarized 
as follows: 
Step 1: The variables affecting Earned Value Management 
are identified. After exhaustively reviewing the existing 
literature and interviewing 13 experts, eleven criteria are 
identified and reported in the previous section.
Step 2: Structural self-interaction matrix. The following 
structural self-interaction matrix is obtained from the ex-
perts’ judgments (see Table 2).
Step 3: Reachability matrix (Table 4).
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Figure 1. Flow diagram for preparing ISM model (Attri et al., 2013)

Table 2. Most important affecting factors on EVM
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Table 4. Initial reachability matrix 

Fa
ct

or
s

C
1

C
2

C
3

C
4

C
5

C
6

C
7

C
8

C
8

C
10

C
11

C1 1 0 1 0 0 0 0 0 1 1 0

C2 0 1 1 1 1 1 1 0 0 0 0

C3 0 0 1 1 1 1 0 0 1 1 0

C4 0 0 0 1 1 1 0 0 1 1 0

C5 0 0 0 0 1 0 0 0 1 1 0

C6 0 0 0 0 0 1 1 1 1 1 0

C7 0 0 0 0 0 0 1 1 1 1 0

C8 0 0 0 0 0 0 0 1 1 1 0

C9 0 0 0 0 0 0 0 0 1 1 0

C10 0 0 0 0 0 0 0 1 1 1 0

C11 0 0 0 0 1 1 1 1 1 1 1

Table 5. The final reachability matrix

Fa
ct

or
s

C
1

C
2

C
3

C
4

C
5

C
6

C
7

C
8

C
8

C
10

C
11

D
riv

in
g

Po
w

er

C1 1 1 1 1 1 1 0 1 1 1 0 9
C2 1 1 1 1 1 1 1 1 1 1 0 10
C3 0 0 1 1 1 1 1 1 1 1 0 8
C4 0 0 0 1 1 1 1 1 1 1 0 7
C5 0 0 0 0 1 0 1 1 1 1 0 5
C6 0 0 0 0 0 1 1 1 1 1 0 5
C7 0 0 0 0 0 0 1 1 1 1 0 4
C8 0 0 0 0 0 0 0 1 1 1 0 3
C9 0 0 0 0 0 0 0 1 1 1 0 3

C10 0 0 0 0 0 0 0 1 1 1 0 3
C11 0 0 0 0 1 1 1 1 1 1 1 7

Dependence
Power 2 2 3 4 6 6 7 11 11 11 1

Table 3. Self-interaction matrix

Factors 11 10 9 8 7 6 5 4 3 2 1

1
Macroeconomic indicators such as recessions, inflation, producer 
price index, raw material prices and labor O V V O O O O O V V

2 Inappropriate real estate market conditions O O O O V V V V V

3 Inappropriate price bid by the employer O V V O O V V V

4
Risk-Contractor selection based on a low price bid regardless 
of technical ability X V V O O V V

5 Uncertainty in Project A X V O O O

6 Intensive time set by the owner A V V V V

7 Poor Scheduling Control Plan A V V V

8 Poor design (Inappropriate design quality regarding details) A X V

9 Disruption in the financing of projects (delay in payments) A X

10 Changes in projects (scope, plans, and design) A

11 Poor experience of stakeholders

Legend
A: Indicates a relation from factor j 

to factor i
V: Indicates a relation from factor i 

to factor j
X: Indicates the relation between 

factors i and j at the same time
O: No relation between i and j

It should be noted that the substitution of 1 and 0 are 
as per the rules as follows:

 – if (i, j) entry is A, then (i, j) entry in the reachability 
matrix becomes 0 and (j, i) entry becomes 1;

 – if (i, j) entry is V, then (i, j) entry in the reachability 
matrix becomes 1 and (j, i) entry becomes 0;

 – if (i, j) entry is X, then (i, j) entry in the reachability 
matrix becomes 1 and (j, i) entry becomes 1 as well;

 – if (i, j) entry is O, then (i, j) entry in the reachability 
matrix becomes 0 and (j, i) entry becomes 0 as well.

Transitivity is also a distinction made as per the under-
lying assumption in the ISM, which states that if criteria 
X is related to Y and Y is related to Z, then X is mainly 
related to Z. The final reachability matrix M is determined 
by Eqn  (1). The driving and dependence power are de-

termined by detecting numbers of the variable. The final 
reachability matrix is shown in Table 5.
      M = D + I; 

M* = Mk = Mk+1, k > 1.  (1)
Step 4: Level partitions. When the reachability matrix is 
expanded, the antecedent and reachability sets are formed 
for each factor. The Reachability set includes all the factors 
driven by the variable under consideration. An intersec-
tion set is constituted by the common elements of both of 
these sets. If the elements corresponding to the reachabil-
ity and intersection set for each identified factor become 
the same, the element moves to the top-level factor in the 
interpretive structural modeling (ISM) hierarchy. This re-
sult is determined by Eqn (2). This top-level factor is then 
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separated from other factors. This level partitioning pro-
cess is repeated until all levels are obtained. To summarize, 
in this section merely the output of the first (Table 6) and 
the final (Table 7) iterations is displayed.

R(cj) ∩ A(cj) = R(cj), ∀ cj ∈ C. (2)

Step 5: Building the ISM-based model. By using the final 
reachability matrix (Table 5), the structural model is now 
generated using vertices or nodes and lines of edges. If 
there is a relation between the criteria j and i, this matter 
is shown by an arrow connecting i to j. This graph is called 
a directed graph or digraph. After removing the transitivi-
ties, the digraph is finally transformed into ISM as shown 
in Figure 2. The most important factors related to EVM 
were extracted earlier using expert opinion. Moreover, 
ISM is a well-known method which can identify the rela-
tionship among different factors. Therefore, for the vari-
ables defined in this research, the ISM model developed 
controls practical factors on earned value management. 
According to the various factors levels, the EVM’s ele-
ments structure is set up, as shown in Figure 2.

According to Figure 2, it is observed that macroeco-
nomic indicators and inappropriate real estate market 
conditions are significant factors affecting the Earned 
Value Management’s success. Inadequate real estate mar-
ket conditions depend heavily on the Macroeconomic 
indicators. These two factors respectively are as the cost 
and risk criteria that were obtained from EVM’s indica-
tors. However, these two factors are environmental factors 
affecting the Earned Value Management, which cannot 
always be controlled. These two criteria influence Inap-
propriate price bid by the employer as shown in the level 
5 and this criterion leads to Risk-Contractor Selection in 
level 4, on the other hand, the Poor Experience of Stake-
holders and Risk-Contractor Selection have interactions 
related to each other. These criteria form the base level of 
ISM hierarchy due to their durable driving power and thus 
should be treated as specific criteria. The driver power of 
Risk-Contractor Selection and Poor Experience of Stake-
holders lead to Uncertainty in the project and Intensive 
time set by the owner at the fifth level of the ISM model. 

In the resulting ISM model, Poor Scheduling Control Plan 
is impacted from level 3 in which its driven power leads 
to its direct influence on the criteria in the top level of the 
model, namely, Changes in projects (scope, plans, and de-
sign), Poor design (Inappropriate design quality in terms 
of details) and Disruption in the financing of projects (de-
lay in payments) were found to play the least influential 
role as compared with the other 8 factors. These top three 
factors of the ISM have a direct effect on the EVM systems 
by changes in the time, cost, risk, and quality of the proj-
ect. Practitioners and decision-makers should state pri-
orities while addressing these criteria to achieve success 
in project management. To achieve this, we should find 
out the power of factors to identify the driver power and 
the dependence power of model’s item, using MICMAC 
analysis that is presented in the following.

3. MICMAC analysis

MICMAC refers to Matrice d’Impacts Croisés Multiplica-
tion Appliqués à un Classement (cross-impact matrix mul-
tiplication applied to classification) (Šoltés & Gavurová, 
2013). The purpose of MICMAC analysis is evaluating the 
drive power and dependence power of influencing factors 
(Attri, 2013). The elements are classified into four catego-
ries (Figure 3). The first category consists of the “autono-
mous factors” that show weak driver power and weak de-
pendence. These factors are relatively disconnected from 
the system. The second cluster consists of the “dependent 
factors” that have weak driver power but show high de-
pendency. The third cluster has the “linkage factors” that 
imply strong driving power with high dependence. These 
factors are unsteady in the fact that any action on these 
factors will affect others. The fourth cluster includes the 

Table 6. Iteration 1

Factors Reachability set Antecedent set Intersection set Level
C1 1, 2, 3, 4, 5, 6, 8, 9, 10 1, 2 1, 2
C2 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 1, 2 1, 2
C3 3, 4, 5, 6, 7, 8, 9, 10 1, 2, 3 3
C4 4, 5, 6, 7, 8, 9, 10 1, 2, 3, 4 4
C5 5, 7, 8, 9, 10 1, 2, 3, 4, 5, 11 5
C6 6, 7, 8, 9, 10 1, 2, 3, 4, 6, 11 6
C7 7, 8, 9, 10 2, 3, 4, 5, 6, 7, 11 7
C8 8, 9, 10 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 8, 9, 10 1
C9 8, 9, 10 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 8, 9, 10 1

C10 8, 9, 10 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 8, 9, 10 1
C11 5, 6, 7, 8, 9, 10, 11 11 11

Table 7. Iteration 6

Factors Reachability 
set

Antecedent 
set

Intersection 
set Level

c1 1, 2 1, 2 1, 2 6
c2 1, 2 1, 2 1, 2 6
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“independent factors” having strong driving power, yet 
weak dependency. It is observed that a variable with an 
extreme driving power called the key variable falls into 
the group of independent or linkage factors (Attri et al., 
2013). The driving power and the dependence of each of 

these factors are shown in Table 5. In Table 5, an entry of 
“1” along the columns and rows illustrates the dependence 
and driving power, respectively. Likewise, the driver pow-
er-dependence diagram is constructed, which is shown in 
Figure  3. As an illustration, it is observed from Table  2 
that factors 8, 9, 10 have dependence power of 11 and 
driver power of 3, which shows that the other 8 factors 
influence them. Most of the research model factors are 
in the Independent factors cluster. In fact, any changes 
in these factors’ cluster would influence on EVM system. 

4. Findings and discussions

In this study, in order to determine the most efficient 
factors, four main indexes (time, cost, risk, and quality) 
are developed and analyzed. Then, according to the share 
number of each index, the main factors are determined. 
The ISM method is utilized to structure these representa-
tive factors in a hierarchy, which is further categorized 
into different clusters in a two-dimensional (driving-pow-
er/dependence-power) diagram by applying the MICMAC 
technique. It has been discovered that inappropriate real 
estate market conditions (C2) and Macroeconomic indi-
cators (C2) are the most influential factors that affect on 
EVM and their indicators and have reliable driver power 

Figure 2. Interpretive structural modelling for EVM
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in EVM system. On the other hand, Changes in projects 
(C10), Poor design (inappropriate design quality in terms 
of details) (C8) and Disruption in the financing of projects 
(delay in payments) (C9) are affected by the other factors 
in the model which means they have strong dependencies 
on them and leads to having a direct effect on the EVM 
and performance index like SPI and CPI. Therefore, by 
developing a functional model the negative consequences 
of these factors can be monitored and reduced when the 
EVM technique is used in the project management con-
text. In the following, this issue is noted. As a result, the 
“Changes in the project”, “Disruption in the financing of 
the project” and “Poor design” are the factors that direct-
ly affect EVM, and its input data (Actual Cost, Planned 
Value, and Earned Value). Project manager at the time of 
project execution along with other factors in ISM model 
should focus on these three factors and determine the im-
pact and intensity of the occurrence in EVM’s input data 
(AC, PV, EV). Besides, these input data are recomputed 
to achieve the project performance aims and SPI > 1 and 
CPI > 1 that will lead to the project being completed on 
time at the lowest cost, risk, and with the best quality. It is 
interesting to note that the project team can determine the 
impact of these crucial factors on time and cost. SPI and 
CPI are useful indexes for measuring the effects of each 
element while they can be calculated for an activity or the 
whole project. It should be mentioned that the proposed 
approach can be applied to any projects.

Concluding remarks and further 
recommendations

Understanding the factors and challenges to the imple-
mentation of an earned value management system and the 
structural relationship between these elements can lead to 
better recognition of the complexity of system implemen-
tation and subsequently, can lead to achieving the project 
performance aims. Despite extensive studies done on the 
Earned Value Management, most of these research studies 
are just limited to improving the estimation and forecast-
ing of time and cost project, but the affecting factors of 
the EVM and relationship between these items have never 
been investigated. The current research attempts to fill this 
gap in the EVM’s literature by studying and identifying the 
practical factors on the EVM system and the interactive 
relationship among these factors using Interpretive struc-
tural model in this issue, and a novel method for control-
ling the elements affecting the Earned Value Management 
is proposed. The proposed approach promotes the perfor-
mance of conventional EVM. Finally, in this research, the 
relationship model among the identified EVM factors has 
not been statistically validated.

The modeling procedure given in this paper can there-
fore be implemented in construction projects throughout 
its life cycle. As the EVM is known as an early warning 
mechanism, applying this procedure at the early stage 

of the project is mostly recommended. Structural equa-
tion modeling (SEM), could also be further discussed as 
linear structural relationship approach has the capability 
of testing the validity of such hypothetical models. Thus, 
this method can be used in future studies to check the 
validity of this model. ISM is a tool which can be helpful 
to develop an initial model whereas SEM has the capabil-
ity of statistically testing an already established proposed 
theoretical model. Hence, it has been suggested that fu-
ture research may be targeted to develop the initial model 
through ISM. 
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