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Abstract: The Analytic Network Process (ANP) approach was
applied to evaluate the overall project performance. The
interdependencies between the performance factors in sanitation
infrastructure projects have been modeled, and their cumulative
influences were simulated and quantified. This model focuses on
the planning and construction phase of projects under unit price
contracts and is intended for use by owners, supervision
consulting firms (Owner’s representative) and/or contractors as
well. The proposed model assist both owners, consultants and
contractors in controlling projects during the different phases
and can also be used as a basis for simulation of various
managerial scenarios/interventions to explore the best solution to
correct the negative effect of poor performance. The proposed
model is generic and may be applicable to almost any project in
the construction industry, since all projects, regardless of size or
type, follow a broadly similar pattern of development. This model
focuses on the two phases; planning phase and construction
phase of a project and is intended for implementation by both
owners and contractors. Although the proposed evaluation
model reflects to a great extent the contractors’ preferences, most
contractors perceive performance according to project objectives
and contractual aspects. The model also reflects to some extent
the owner’s and/or its consultant’s interventions within the
different project cycle. Therefore, the objective of this research is
not to standardize the priorities of performance factors, but
rather to establish a systematic framework for consistent and
quantitative evaluation process for performance of planning and
construction of sanitation infrastructure projects in Egypt that
take into consideration the interdependencies between multidimensional performance factors.
Keywords: Factors; Affecting; Construction Project’s; Analytic
Network Process

I. INTRODUCTION

Improving

the performance of sanitation infrastructure

projects facilitates the development of an efficient and
profitable industry by continuously improving productivity
and quality to deliver the best value for money outcomes
taking into account the satisfaction of the related
stakeholders. An effective performance model for
performance monitoring and evaluation is essential to the
successful delivery of construction projects. Recently,
performance improvement has been the subject of many
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studies and initiatives in the construction industry because of
complex internal and external environment (Robinson et al.,
2005). The process of performance evaluation is considered
a key component of business development. Therefore, many
construction companies implement systems for measuring
and evaluating performance. However, construction industry
still lacks a practical model for performance evaluation that
takes into account the natural interdependency between
multi-dimensional performance indicators. This Paper
introduces a new model/methodology to evaluate the
performance of a construction project through the
application of the Analytical Network Process (ANP)
approach. The ANP-based methodology is applied to derive
the priority weights for the performance factors, which are
interdependent by nature. The proposed structure of the
model is illustrated and finally the overall project
performance is quantitatively determined.
II. METHODOLOGY
A. Data Collection
Literature review about factors affecting the performance of
the construction projects was reviewed (Eleni, et al., 2018),
(Abdelnaser, 2010), (S Meeampol & S O Ogunlan, 2006), etc.
to identify the factors affecting the cost of projects
particularly, (Ephrem, et al., 2017) (Chen, 2007), , (Arshi &
Sameh , 2007), etc. to identify another set of factors affecting
the schedule of the projects only, (K. & K. N. , 2006),
(Grigoroudis, et al., 2006) to identify another set of factors
affecting the quality of the project and finally (Abdelnaser,
2015), (Florence & Thi, 2010), (Adnan, et al., 2009),etc. to
identify a mixture of factors affecting the project management
triangle. The researcher identifies the short list of the factors
required to use it in preparing an/a ANP based model.
B. Decision Support Software (ANP)
Super Decisions software was used to implement the ANP
approach, the major benefit of using the ANP approach is that
complex principles can be incorporated into decision-making,
using its apps for interdependence and reviews (Bobylev,
2011). This paper adopts the ANP method for deriving the
priority weights / relative value of interdependent output
factors; hence, to evaluate the overall project performance
index.
C. Advantages of The ANP
All submitted The power of the ANP lies in its network
structure and the use of ratio scales to capture all kinds of
interactions and dependencies among the entire decision
structure.

120

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication

Using ANP to Evaluate Factors Affecting Construction Project’s Performance
Actually, with the use of the expert knowledge, the ANP
has proven a success in predicting and decision making in a
variety of fields such as economic, transport, political, social,
environmental, technological and telecommunications
(Gasiea et al., 2010; Bobylev 2011; Topcu and Onar 2011;
Saaty and Vargas, 2013a). The advantages of applying the
ANP framework to handle the problem of prioritization of the
indices can be summarized as follows (Saaty, 2004b; Saaty
and Sodenkamp, 2010; Saaty and Vargas, 2013b):
Interdependence: the ANP model can deal with the
interaction and dependency among decision levels.
Measurement: the ANP model can handle both quantitative
and qualitative data under multiple criteria based on
individual or collective judgment of the situation. Network
structure: the ANP uses network to model problems instead of
a hierarchy, which allows feedback with components having
inner and outer dependence among their elements.
Systematic: the ANP is a mathematical theory that makes it
possible to deal systematically with all kinds of dependence
and feedback.
Consistency: the ANP assesses the logical consistency of
judgments by means of a consistency ratio.
Judgments: the ANP ability to incorporate the experience
and knowledge of experts to define priorities and weights.
Data Limitations: the ANP model can handle data limitations
based on individual or collective judgment of the situation.
D. Interdependence between the performance factors
 Generally, many decision makers evaluate performance
indicators without considering the interdependency
among the indicators or, at most, consider those
dependencies in an implicit way, without the possibility
of addressing it through a rigorous approach. This could
compromise the quality of the results of the evaluation
process. The proposed decision model provides a more
accurate approach to deal with the evaluation of
performance factors.
 The ANP approach is applied to capture the flow of
influences among the proposed indices. The decision is
decomposed into a rational system, like a network. For
the purpose of deriving priority weights /relative
importance among the interdependent performance
factors of a sanitation infrastructure project, the proposed
ANP network consists of two clusters, named: (1)
Performance and (2) factors.

E. Pairwise Comparisons
It is possible to compare the relative value of clusters.. Saaty
(1999a) proposed a scale of 1–9 for relative importance in
pairwise comparisons as shown in Table 1
.
Table 1 Fundamental Scale of Absolute Numbers for Pairwise
Comparisons (Source: Saaty, 2008b)
Intensity of
Importance
1

Definition
Equal Importance.

3

Moderate importance.

5

Strong importance.

Explanation
Two indices contribute equally
to the project performance.
Experience and judgment
slightly favor one index over
another.
Experience and judgment
strongly favor one index over
another.
An index is very strongly

Very strong
7

or Demonstrated importance.

favored and its dominance
demonstrated in practice.

Extreme Importance

The evidence favoring one
index over another is of the
highest possible order of
affirmation.

Intermediate values.

When compromise is needed.

If activity has one of the
above

A comparison mandated by

9

2,4,6,8

nonzero numbers assigned
to it when compared with
Reciprocals
activity j, then j has the
of above
reciprocal value when
compared with.

choosing the smaller element
as the unit to estimate the
larger one as a multiple of
that unit.

An effective way to concentrate judgment is by comparing a
pair of elements on a single property without concern for
other properties or other elements. SMEs are asked to
respond to a series of pairwise comparisons of two elements
to be evaluated with respect to which element has greater
influence on the parent element. The architecture of the
proposed ANP model enables the eleven (11) performance
factors to be compared with respect to the overall project
performance to evaluate their relative importance.
III. RESULTS
As a result, a list of 11 factors was identified that covers
various aspects of performance of sanitation infrastructure
projects in Egypt.
A. Building the Model

Figure 1 the Proposed ANP-Based Decision Model
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B. Formulations of the Super-matrix
The “Performance” cluster represents the overall
performance of the project, while the eleven (11) performance
factors are grouped into the cluster named “Indices”. In this
model, the overall performance is influenced by the proposed
factors, which represented by an arrow between the two
clusters to indicate the outer dependency. On the other hand,
there are various degrees of interdependence between the
multi-dimensional performance factors. The looped arc
represents the inner dependency among the indices in the
same cluster. The proposed model adopts ANP approach as a
more general formulation of the AHP, which extends it to
cases of dependencies (Saaty, 2008b).

Figure 3 Comparisons Factors ANP-Based Decision Model

The local priority vectors are placed in columns of a super
matrix according to the flow of influence from one factor to
another, or from a factor to itself. In this model, the
priorities of the factors with respect to the overall
performance are clearly discernible in the super matrix.

Figure 4 Comparisons Matrix ANP-Based Decision Model
Figure 2 Factors ANP-Based Decision Model

The relative weight of these factors was identified with 15
participants who responded to our questionnaire. An
example of a survey question is as follows: “How much
more important is Contractor’s efficiency than Good
feasibility studies? “As shown in figure 3
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In general, CR value less than 0.1 indicates satisfaction of
judgments. Actually, perfect consistency is hard to maintain.
A certain degree of consistency is required in judgments to
get valid results for the decision-making process. In case of
CR≤ 0.1, the pairwise comparison matrix is considered
consistent enough and therefore acceptable (Saaty and
Vargas, 2013a). Otherwise, the comparison matrix should be
improved, and experts have to reevaluate their judgments.
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Figure 5 Priority Results ANP-Based Decision Model
11.

IV. SUMMARY AND CONCLUSIONS
This Paper addresses a crucial aspect in the construction
project management, which is the proper monitoring and
evaluation for the project performance from perspectives of
project’s owner and contractor. Based on the documented
literature review in this thesis, it has been shown that the
existing models are usually focused on traditional project
performance indices or limited to one or few performance
aspects from the contractor perspective only. In addition,
this research captured the interactions amongst the different
performance factors considered in one inclusive model.
As such, the core contribution of this work is the
development of a system to model such interactions. The
major research contributions are summarized as follows:
- Identification of the critical factors affecting the
sanitation infrastructure projects in Egypt.
- Development of a performance measurement model that
applies a systematic method to measure project performance.
- Identification and subsequently modeling the complex
interactions and dependencies that occur amongst project
performance factors and related variables.
- Development of a tolerated performance-evaluation
model based on the ANP approach to be used by the owner
and contractor staff.
The developed model is an original work that contributes
to the body of knowledge on Egyptian sanitation
infrastructure project performance evaluating. This model
supports the decision making process by allowing better
visibility of the impact of the managerial intervention actions
on multiple project objectives over time.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCES
1.

2.

3.

4.

Abdelnaser omran,(2010), factors affecting cost performance in
construction projects within kelantan state in malaysia, journal of
academic research in economics, vol .3 ,no. 1
Abdelnaser omran1,(2015), determining the factorsaffecting the
performance of construction projects in libya, journal of academic
research in economics,vol. 7 ,no. 2
Adnan
Enshassi1,
Sherif
Mohamed2,Saleh
Abushaban3,(2009),factors affecting the performance of construction
projects in the gaza strip, Journal of civil engineering and
management,vol .15(3), NO. 269–280
Yangchau-ping,(2007), factors affecting the performance of public
projects in taiwan, journal of construction research world scientific
publishing company, vol. 7, nos. 1&2 (2006) 207–225

Retrieval Number: 100.1/ijitee.C84140110321
DOI: 10.35940/ijitee.C8414.0110321

23.

24.

25.

123

Eleni Moschouli1, Raden Murwantara Soecipto2, Thierry
Vanelslander3, (2018), Factors affecting the cost performance of
transport infrastructure projects JOURNAL OF EJTIR 18(4), 2018,
pp.535-554
Ephrem Girma Sinesilassie, Syed Zafar Shahid Tabish, Kumar Neeraj
Jha (2017), Critical factors affecting schedule performance: a case of
Ethiopian public construction projects engineers’ perspective
Chen Shih-Pin, (2007), Analysis of critical paths in a project network
with fuzzy ctivity times, European Journal of Operational Research,
Vol. 183, PP. 442 -459
Arshi Shakeel Faridi a , Sameh Monir El‐Sayegh b,(2007), Significant
factors causing delay in the UAE construction industry, Construction
Management and Economics,VOL .24:11,NO. 1167-1176
K. C. Iyer1 , K. N. Jha2,(2006), Critical Factors Affecting Schedule
Performance:Evidence from Indian Construction Projects, Journal of
Construction Engineering and Management,Vol. 132, No. 8
Saaty, T. L. (1999a). “Basic Theory of the Analytic Hierarchy Process:
How to Make A Decision.” Revista de la Real Academia de Ciencias
Exactas, Físicas y Naturales, 93(4), 395-423.
Saaty, T. L. (2001). “Decision Making with the Analytic Network
Process (ANP) and Its “Super Decisions” Software: The National
Missile Defense (NMD) Example.” 6thISAHP 2001 proceedings,
Bern, Switzerland, 2-4.
Saaty, T. L. (2004a) “Decision Making – The Analytic Hierarchy and
Network Processes (AHP/ANP).” Journal of Systems Science and
Systems Engineering, 13(1), 1-35.
Saaty, T. L. (2004b) “Fundamentals of the Analytic Network
Process-Dependence and Feedback in Decision-Making with a Single
Network.” Journal of Systems Science and Systems Engineering,
13(2), 129-157.
Saaty, T. L. (2005) “Making and Validating Complex Decisions with
the AHP/ANP.” Journal of Systems Science and Systems Engineering,
14(1), 1-36.
Saaty, T. L. (2008b) “The Analytic Hierarchy and Analytic Network
Measurement Processes: Applications to Decisions under Risk.”
European Journal of Pure and Applied Mathematics, 1(1), 122-196.
S Meeampol, S O Ogunlan,(2006), Factors affecting cost and time
performance on highway construction projects: Evidence from
Thailand, Journal of Financial Management of Property and
Construction,Volume 11, Number 1, pp3 – 20
K. C. Iyer1 , K. N. Jha2,(2006), Critical Factors Affecting Schedule
Performance:Evidence from Indian Construction Projects, Journal of
Construction Engineering and Management,Vol. 132, No. 8
Grigoroudis Evangelos, Litos Charalambos, Moustakis Vassilis A.,
Politis Yannis and Tsironis Loukas, (2006), The assessment of
user-perceived web quality:Application of a satisfaction benchmarking
approach, European Journal of Operational Research
Florence Yean Yng Ling1 and Thi Thuy Dung Bui2,(2010), Factors
Affecting Construction Project Outcomes: Case Study of Vietnam,
Journal of Professional Issues in Engineering Education and Practice,
Vol. 136, No. 3
Gasiea, Y., Emsley, M., and Mikhailov, L. (2010). “Rural
Telecommunications Infrastructure Selection Using the Analytic
Network Process.” Journal of Telecommunications and Information
Technology, 15-29.
Bobylev, N. (2011) “Comparative Analysis of Environmental Impacts
of Selected Underground Construction Technologies Using the
Analytic Network Process.” Automation in construction, 20(8),
1030-1040.
Topcu, Y. I., and Onar, S. C. (2011) “A Multi-Criteria Decision Model
for Urban Mass Transit Systems.” In Proc., Int. Conf. on Computers
and Industrial Engineering, Elsevier, Amsterdam, Netherlands,
860-865.
Saaty, T. L., and Vargas, L. G. (2013a). The Logic of Priorities:
Applications of Business, Energy, Health and Transportation, 3rd
edition, Springer Science & Business Media., USA.
Saaty, T. L., and Vargas, L. G. (2013b). Decision Making with the
Analytic Network Process: Economic, Political, Social and
Technological Applications with Benefits, Opportunities, Costs and
Risks, 2nd edition, Springer Science & Business Media, USA.
Saaty, T. L., and Sodenkamp, M. (2010). “The Analytic Hierarchy and
Analytic Network Measurement Processes: The Measurement of
Intangibles.” In Handbook of multicriteria analysis, Springer Berlin
Heidelberg, 91-166.

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication

International Journal of Innovative Technology and Exploring Engineering (IJITEE)
ISSN: 2278-3075, Volume-10 Issue-3, January 2021
26. Moser, CA, Kalton, G (1971) Survey methods in social investigation.
2nd ed. Aldershot: Dartmouth Publishing.
27. Robinson, H. S., Anumba, C. J., Carrillo, P. M., and Al-Ghassani, A.
M. (2005). “Business Performance Measurement Practices in
Construction Engineering Organisations.” Measuring Business
Excellence, 9(1), 13-22.

AUTHORS PROFILE
Eng: Mahmoud Sabry Shided Keniwe : has
Experience which include project management in
urban and rural areas Highly reliable and
experienced Project Control Specialist with a superb
record of sound project management. Considerable
breadth and depth of experience in project
monitoring for a variety of infrastructure projects in
Egypt. Strongly adept at handling multiple projects
simultaneously and bringing them to completion in a timely and
cost-effective manner. I had an experience in project financed through
international financial institutions.
Professor :Ibrahim Abdel Rashid : Professor,
Department of Structural Engineering, Faculty of
Engineering, Ain Shams University , Egypt He holds
a Ph.D. in Civil Engineering (Construction
Management) from the University of Manchester
Institute of Science and Technology (UMIST), Dec
1987 M.Sc. In Civil Engineering, Southampton
University, (UK)., Dec 1980 B.Sc. In civil engineering, University of Ain
shams, May 1974
Associate Professor : Ola Deyaa Salah El din El
Monayeri: is a lecturer at the Arab Academy for
Science & Technology located in Cairo, Egypt. PhD
from Zagazig University, Egypt 2009 MSC from
(AUC), in 2003 B.Sc. From AUC in 2001 The areas
of expertise for Dr. Ola El Monayeri involve the
following: Design of water and wastewater treatment
networks, Design of wastewater treatment plants,
Process design, simulation, operation, and optimization for WWTPs,
Preparation of Environmental impact assessment studies
Dr. Mohamed Elsayad is a lecturer at the Arab
Academy for Science, Technology & Maritime
Transport (AASTMT) located in Cairo, Egypt. He
received a master's degree in 2013 from AASTMT,
then he received the Ph.D. in 2017 from Cairo
University. The areas of expertise for Dr. Mohamed
Elsayad involve the following: Design of the
wastewater treatment plants, design and operation,
preparation of EIA for the projects related to the
Evaluation of Environmental Risk Assessment and Evaluation of Impacts on
Ecosystem.

Retrieval Number: 100.1/ijitee.C84140110321
DOI: 10.35940/ijitee.C8414.0110321

124

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication

