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Indicators for measuring the performance,

the performance of construction projects The construction industry in Iraq faces many challenges,
the most important of which is the lack of a performance
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1.Introduction

The construction industry's high competitiveness
and rapid changes push executives to constantly
improve the performance of their projects
Construction is regarded as one of the most
inefficient industries. primarily due to a lack of
materials and poor craftsmanship. Changes in the
project during execution, a lack of project
information. As a result of a shortage of equipment
[2], performance enhancement is the primary goal.
By streamlining project delivery, the construction
sector can alleviate some of its concerns process[3].
As a result, performance management has been
included in the curriculum. Construction company
management systems. [4].

According to (Doyeong Kim,2021) performance
measurement is the essence of continuous
improvement. The application of the performance
measurement process leads to identifying
weaknesses and strengths in performance[5], and
thus determining the best practices that lead to
successful and distinguished performance if
implemented. [6].

According to ( Mahmoud, Abubakar,2020) The
KPIs were further categorized into 9 categories that
include planning, design and procurement.
Construction safety policy, construction safety
personnel, communication & maintenance of
effective safety behavior, management effort and
support, safety training and orientation,
administration of safety processes, accident
reporting and investigation, rewards and sanctions
for project stakeholders [7].

According to ( Karston, Thomas,2018 ) The study
showed that key Performance Indicators (KPIs) are
measurable values that demonstrate the general
health of the industry and provide a basis from
which to work collaboratively in order to lift
industry performance overall, and thereby bring
about economic and social benefits to the industry
and broader community/[8 ].

The need to develop a system for measuring
performance in the construction industry is very
important because of the complex administrative
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work that involves the implementation of several
simultaneous projects and the control of many
input resources. Despite this, the majority of
construction companies still depend in measuring
performance on financial profit [9].

Researchers have recommended (Lee,
Tomas,Richard ) that measurement is one of the
first steps of any improvement process, and when
data is delivered in the early stages of the project,
processes that can be improved can be identified
directly. So that you can shorten the cost and time
of the project . The construction industry in
Iraq faces many challenges, the most important of
which is the lack of a performance measurement
system for construction projects, thus showing the
need to understand and identify performance areas
that affect the performance of projects. The aim of
the research is to create an integrated framework
for measuring the success of project performance
by identifying the most important indicators that
can be used to measure the success of performance.
After prioritizing indicators by completing Delphi
technology rounds and performing a hierarchical
analysis process. The category has the highest
weight is cost by obtaining percentage is 29.9%, the
category that in second place is time with
percentage is 19.7% and the third place is quality
with obtaining 15.3%. Government agencies should
pay attention to these indicators, which greatly
help in measuring the success of the performance
of construction projects.

2- Search objective

The research aims to create an integrated
framework for measuring the success of project
performance by identifying the most important
indicators that can be used to measure the success
of performance. An integrated framework for
measuring the success of construction project
performance was created after prioritizing
indicators by completing Delphi technology rounds
and performing a hierarchical analysis process.
3-Methodology

This research methodology includes the following:
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1-Theoretical study phase: Gathering indicators
from previous research and studies, Review of
literature and the Internet, as well as of related
theoretical topics on the subject of success
indicators for the performance of construction
projects.

2-Application study phase: includes this phase the
following stages

a- Field survey: including the three Delphi Rounds:
a.1 An open questionnaire : was conducted which is
a direct interview with expert engineers to add
information about the research topic. The
based on the information collected from the
literature review and an open

questionnaire , 17 categories and 129 sub-
indicators were summarized.

a.2 A closed questionnaire : was on a five-point
Likert scale. The results of the questionnaire were
construction projects.

analyzed the relative importance of the indicators
was found using the weighted average. Some
indicators that were medium and low were deleted
importance. Then the Pareto principle was applied
to the indicators that got a degree of importance
(important, very important).

a.3 Pair comparisons questionnaire: the third
round of Delphi pairwise comparisons
questionnaire and its analysis hierarchical analysis
(AHP) wusing Expert choice program to find
priorities for sub-indicators and categories to
create an integrated framework. The weights of
these indicators and categories were also found to
be used in finding the value of the performance
index.

b- Establishing an integrated framework to
measure the success of the performance of

[ Delphi technology ]

[ Round I open survey ]

v

[ 17 cateegories and 129 indicators were agreed upon ]

v

%[ Round Il closed survey ]

v

[ Analysis using weighted average ]

v

[ 96 indicators got importance (important and very important) J

questionnaire’'
s consistency

v

Round Il Pair Comparisons Questionnaire [ The application of the Pareto }

and Hierarchical Analysis Process

principle to 96 indicators

Analysis using Expert [ 20 most important indicators ]
—> choice program

v

[ Prioritizing indicators ]
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Fig.1. Methodology research
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3.1 Delphi technology :

The Delphi method is a qualitative methodology for
research using the survey tool to give experts with
answers. The approach of Delphi can be employed,
according to Scholl et al [11], when little
information on a subject is accessible.

Delphi technology be in three rounds:
3.1.1- Round I: An open questionnaire

An open questionnaire was conducted, which is a
direct interview with the expert engineers to
answer some of the researcher's questions, as well
as to add information on the subject of the
research, clarify some indicators that were not
clear, and delete some indicators that are not
understood or have the same meaning for another
indicator taken. Some categories have also been
merged with indicators for other -categories
because there are no sub-indicators for them.

The key performance indicators for the current
research.The indicators collected from the
literature review are 17 categories. These categories
include 129 indicators.

3.1.2-Round II: An closed questionnaire

A five-points Likert questionnaire was used and
distributed to find the importance of indicators
that measure the success of project performance
from experts in the construction process.

Excel program (Excel 2016) used to find the
weighted average Eq (1) [12] of the indicators to
find their importance of (Likert Scale point five).

_I(frd)

WA == — - (D)

3.1.3 Pareto Principle

The Pareto Principle says that 80% of the results
come from 20% of the causes ( Kevin Kruse,2016)
[13].

The Pareto Principle can be applied in a wide range
of areas such as manufacturing, management, and
human resources. For instance, the efforts of 20%
of a corporation's staff could drive 80% of the firm's
profits[14].

The Pareto principle was applied in this study to
the indicators that resulted from the second round.
20% of the most important indicators were taken
and the result was 19, and again 20% of the total
number of indicators was taken and the result was
19.2, the method that gave the highest value was
relied upon.

Table ( 1 ) presents the indicators that resulted
from the application of the Pareto principle, which
represents 20% of the indicators that have an
importance equivalent to 80% importance on the
success of the construction projects performance.
It also shows the ranking of indicators in order of
importance and shows the categories to which
these indicators are affiliated it also shows the level
of importance obtained by each indicator.

Table 1
The twenty most important indicators to measure the success of the performance of construction
projects
No Influential indicators WA  Rank Categories level of importance
1 Learning from best practice 4.29 1 1nn0\{at10n and very important
and experience of others learning
2 Liquidity of organization 4.24 2 Cost very important
3 Planned time for construction  4.24 3 Time very important
4  jobsite management planning. 4.24 4 Plapmng and very important
design
5 Bribe 4.24 5 Goygrnment very important
policies
6 l?SI')eeglﬁca‘uons of the materials 418 6 Quality Important
Procurement Cost of Material,
7 Labour and Equipment 4.18 7 Cost Important
8 Past‘ Experience (.)f 4.12 8 Time Important
Engineer/Supervisor
9 Technical background 4.12 9 Productivity Important
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No Influential indicators WA Rank Categories level of importance
. . . Team
10 Leadership skills for project 4.12 10 Compatibility Important
manager .
and Integration
. . Planning and
11 pre-construction planning 4.12 11 design Important
Contract and
12 delays and disputes 4.12 12 risk Important
management
Contract and
13 ecase payment 4.12 13 risk Important
management
14 g:;‘f"aﬂablhty ofcompetent 56 44 Quality Important
15 Construction methods 4.06 15 Quality Important
. innovation and
16 Training programs 16 learning Important
Team
17 team efficiency 4.06 17 Compatibility Important
and Integration
1g Sequencing ofwork according 4 56 49 proqucivity Important
to schedule
19 Legal Documentation and 4.06 19 Gqurnment Important
amendments policies
20 Poor planning and supervision 4 20 Productivity Important
3.1.4 Round III: Pairwise Comparisons indicators which measures the success of the

Questionnaire and Hierarchical
Analysis Process (AHP)

The pairwise comparisons questionnaire was
conducted on the indicators obtained after
applying the Pareto principle to the second round
[15]. the pairwise comparisons questionnaire to
find the priorities for these indicators.

Expert choice program version 11 used to analyze
the pairwise comparisons questionnaire in the
hierarchical analysis process (AHP) and to find
priorities for indicators and categories, as well as to
find weights of indicators to be used in calculating
the value of the performance index. It is specifically
designed for multi-criteria decision-making[16].

A- Hierarchical structure:;

Passing the data entry in the expert selection
program specially prepared for this purpose, the
hierarchy that was adopted in the hierarchical
analysis process was built for the categories and
sub-indicators so that the values of the frequencies
(geometric mean) are entered into the program in
the same order[17].

The researcher built the problem pyramid, starting
with defining the goal, which is to prioritize the
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performance of construction projects in order to
achieve an integrated framework for measuring the
performance of construction projects through
identifying the categories (cost, time, quality,
productivity ...) as well as sub-indicators . Then
preparing the pairwise comparison tables for the
criteria based on the process of hierarchical
analysis. Fig. (2) shows the steps of the hierarchical
analysis process .

B-Geometric Mean

The geometric mean was used to calculate the

frequencies of the two respondents in the pairwise

comparisons questionnaire and before entering the

data into the expert choice program through the

geometric mean formula Eq (2) and its details
[18]:

G= (XU (x2/2)(x373) (xn/™)
Where:

- (2)

fi: respondents number for each weights
n: Yfi: the all-respondent sum

Xn: weights of each respondents' number
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[ Pair Comparisons Questionnaire ]

[ Geometric mean of frequencies ]

L v

[ Analysis by Expert choice program ]

NO

The proportion of
consistency is less
thano.1

[ Get weights for categories and indicators J

v

[ Priorities for indicators ]

Fig . 2 . The hierarchical analysis process steps

4-The Results and Discussion

The results of the analysis of pairwise
4.1comparisons

The results of the pairwise comparisons
questionnaire include two parts: the first part is the
results of paired comparisons for the categories
and the second part is the results of the paired
comparisons for the indicators. Note that the

discrepancy did not exceed the permissible
percentage of 10% for all comparisons [19].

4.1.1-Pairwise comparisons for categories

The category has the highest weight is cost by
obtaining percentage is 29.9%, the category that in
second place is time with percentage is 19.7% and
the third place is quality with obtaining 15.3%.
Inconsistency 0.06 permissible percentage. As
shown in Fig. (3).

= =l | = % |
Y= ) 3 ) aBC

FaSa

1= 1= 1 ¥F
Soart by Priority |

i

Sort by Mame | Unsort

I Mormalize

Priorities with respect to:
Goak performance indictors

cost factors 299
time factors - K
qguality factors LAS5FE
productivity factors JOEE
planning and design DT
contract and risk management JDG2
gowvernment policies SO
alignment process and team integration SO

inowvation and learning JO3T
Inconsistency = 0.0

with 0 missing judgments.

4.1.2-Pairwise comparisons for indictors
Fig. (4) shows a summary of the relative

importance of the indicators in the expert choice
program :
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Liquidity of organization is 20.5% procurement
cost of material and equipment is 6.2%, planned
time for construction is 13.5%, past experience of
engineer (supervisor) is 5.5% , specifications of the
materials used is 10.5%, unavailability of
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competent staff is 5.5%, construction methods is bribe 3.4%legal documentation and amendments
2.2%, technical background is 6% , poor planning is 1.3% ,team efficiency is 2.8%,leadership skill for
and supervision is 3.1%, sequencing of work project manage is 1.5%, learning from best Patrice
according to schedule is 1.4% , jobsite management and experience of other is 2.5% and training
planning is 5.1%, pre-construction planning is programs is 1%. Inconsistency overall is 0.07.

2.6%, delay and disputes is 4.2%, payment is 1.3%,

=¥ Expert Choice Civnaw.ahp — ] Pt
File Edit
A‘ a © Distributive mode = |deal mode
Surrnary | Details |
Sart by Hame | Sart by Priarity | Un=art |

Synthesis with respect to:
Goal: performance indictors

Owerall Inconsiztency = .06

liquidity of organization 205 |
Procurement Cost of Material and Equipment 0z I

iPlanned time For construction f 12 I
past experience of engineer [supervisor) 055 I

Specifications of the materials used 05 I
unavailability of competent staff 055 I

construction methods .0zz2 1

technical background Eel=elm 00 |

poor planning and superwvision .0z1 I

Sequencing of work according to schedule 014 N

jobsite management planning 051 I

pre construction planning .02 I

delay and disputees .04z I

E asy of payment .01z

Bribe [Cormuption] .0z4 I

Legal Documentation and amendments .01z

team efficiency .oze I

leadership =kill for project manager 015

learining from best partice and experience of others 025 I

Training programs 010 Il

Fig .4.Pairwise comparisons for indicators

4.2 Arranging Indicators and Categories the hierarchical analysis process from expert
According to the Priorities choice program as shown in Fig. (5).

Arranging indicators and categories as shown in
table (2) according to the priorities obtained from

Table 2.

Ranking categories and indicators

No Category and indicators

1 Cost category

11 Liquidity of organization

1.2 Procurement Cost of Material and Equipment
2 Time category

21 Planned time for construction

2.2 Past experience of engineer(supervisor)

3 Quality category

3.1 Specifications of the materials used

3.2 Unavailability of competent staff

3.3 Construction methods

4 Productivity category

4.1 Technical background

4.2 Poor planning and supervision

4.3 Sequencing of work according to schedule
5 Planning and design category
5.1 Jobsite management planning
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5.2 Pre-construction planning

6 Contract and risk management category

6.1 Delay and disputes

6.2 Easy Payment

7 Government policies category

7.1 Bribe

7.2 Legal Documentation and amendments

8 Alignment process and team integration category
8.1 Team efficiency

8.2 Leadership skill for project manager

9 Innovation and learning category

9.1 Learning from best Partice and experience of others
9.2 Training programs

ElH Expert Choice Chunaw.ahp
File Edit Assessment Synthetize Sensitivity-Graphs Yiew Ge Jesals Help
B | b (o] o | e | b i

oo e 1= T 1% [

037 navation and leaming (L (037)

7 Goal: performance indictors
= [ co=t factor= {L: .299)

1 liquidity of organization (L: .766G)

M Procurement Cost of Material and Equipment (L .234)
= time factors (L: .197)

[ Planned time for construction (L: .7i1)

7 past experience of enginear (supervisor) (L: .289)
= B quality factors (L: .153)

[ specifications of the materials used (L .574)

I unavailability of competent staff (L: .303)

B construction methods (L: .123)
= [ productivity factors {(L: .088)

7 technical background (L: .573)

B poor planning and supervision (L: .294)

B sequencing of work according to schedule (L: .134)
= [l planning and design (L: .074)

7 jobsite management planning (L: .662)

| pre construction planning (L: .238)
= I contract and risk management (L: .062)

[ delay and disputees (L: .761)

P Easy of payment (L: .239)
= [l government policies (L: .049)

[ Bribe (Corruption) (L: .725)

M Legal documentation and amendments (L: . 275)
=l aignment process and team integration (L: .030)

M team efficency (L: .6408)

| leeadership =kill for pro t manager (L: .352)
B o ation and terning (v- 035

/M earining from best partice and experience of others (L2 .725)

P Training programs (L: .275)

Fig .5. Arranged in order of priority in the hierarchical analysis process

5- Conclusion

1-The hierarchical analysis process is a multi-
criteria decision-making tool that can deal with
multiple criteria: In this study, 29 criteria were
reached, including 9 major criteria categories and
20 sub-indicators sub-criteria.
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2-Finding an priorities for indicators to measuring
the performance of construction projects is a
solution to many big problems, which are the
absence of information related to performance and
consequently poor control and control over project
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performance, which leads to delays, errors and
increased costs.

3-Real-time follow-up of performance enables
prediction and prevention of problems or solving

6-Recommendations

1-Government agencies should pay attention to
these indicators, which greatly help in measuring
the success of the performance of construction
projects.

2-Holding training courses to help understand the
indicators that measure the success of the
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