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ABSTRACTــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
The purpose of this study is to identify the key quality attributes in gas 

transmission projects.
By applying Kelly’s personal constructs theory and repertory grid 

methodology as well as conducting interviews with 20 managers and 
experts of gas transmission projects, as many as 284 quality constructs 
have been identified. These constructs were classified into 40 categories 
by using content analysis, and they were subsequently analyzed with 
statistical methods. By applying the statistical analysis nine quality attributes 
include, compliance with the standards, competence, appropriateness in 
design and engineering, effective supervision, sound execution, desirability, 
convergence, accountability and integration were identified. These construct 
as the main factors affecting the quality of gas transmission projects. 

In this study, the data were collected from the gas transmission projects 
conducted from the employer’s departments. The subsequent studies not 
only increase the number of interviewees but also apply the contractors’ 
participation in the interviews to have more comprehensive results. Given 
the conditions of volume, temperature, and pressure, oil industry projects 
are of critical sensitivity and significance. The managers of project-oriented 
organizations can apply the findings of the present study to promote project 
quality and success. 

The present study is an original one; it is one of the main issues to be 
studied in investigating the concept of quality in gas transmission projects. 
This study includes the experimental evidence regarding the positive effect 
of quality attributes on the performance of such projects. Moreover, the 
present study attempts to develop the related literature on quality.
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ــــــــــــــــــــــــــــــــــ
1.	Introduction

The global-scale construction sector is the 

basic industry on which the development of a 

country depends on. A country development 

status is generally determined by the quality 

of its infrastructures and construction projects 

(Wasiu et al., 2012). However, the construction 

industry has been criticized over the past 

decades for its poor performance and efficiency 

(Loushine et al., 2006). As clients in this industry 

move forward and seek improvements in service 

quality, the continuous improvement in the 

concepts of quality is strongly dependent on 

group culture and collaboration at internal and 

external organizational levels. Problems, such as 

the poor quality of performance, inattentiveness 

to workplace and manpower, as well as rework 

costs have led to the creation of a quality 

management system in the construction industry 

(Gandolfi et al., 2001). It has also been reported 

that quality is one of the most effective factors 

in the success of construction projects (Mane & 

Pati, 2015). Accordingly, the quality and success 

of construction projects could be considered as 

meeting the expectations of project participants 

so that upon client satisfaction, long-term 

competitiveness and survival are achieved for 

commercial companies (Tan & Abdul-Rahman, 

2005).

Given the large amount of research done on 

this topic, it is observed that quality has been 

developed extensively in repetitive operations, 

such as goods and services, but it has been left in 

the study phase in projects. It is clear that some 

attributes, such as beauty and efficiency must 

be utilized to describe quality because different 

people perceive them differently. Therefore, 

attributes could be defined as the aspects of the 

product itself or its use, which are based on the 

comparison of the product alternatives (Grunert, 

1989). According to Müller et al. (2007), research 

shows that projects vary in different industries, 

and quality attributes are varied (Curkovic et al., 

2000). Thus, there is a research gap in the field of 

gas transmission pipeline projects, where quality 

is required to be studied. This article is organized 

to examine the relationship between quality 

and projects. Initially, project attributes as well 

as quality attributes in products, services, and 

projects, in addition to the application of these 

attributes in construction projects are discussed. 

Next, the research methodology is explained. 

Results from the analysis of the findings are 

presented in the next part. Finally, the key 

findings of the research as well as opportunities 

for new studies are provided and summarized 

concerning the practical implications of the 

results.

ـــــــــــــــــــــــــــــــــــــــــــ
2.	Literature Review

2.1.	Project Attributes

Although projects vary in size, theme, and 

nature, they share common attributes. The 

recognition and awareness of these attributes 

could be effective in identifying quality 

attributes in the project environment. Attributes, 

such as change (Geraldi et al., 2009; Sun and 

Meng, 2008), ambiguity (De Meyer et al., 2002), 

uncertainty (Huchzermeier and Loch, 2001; Sun 

and Meng, 2008), uniqueness (ISO 10006, 2003, 

Forsberg et al., 2000), temporariness (PMBOK, 

2008), integration (Ancona and Caldwell, 1990; 

Ford and Randolph, 1992), dynamicity (De Meyer 

et al., 2002), novelty (Turner 1999), complexity 

(Bailleti et al., 1994; Pich et al., 2002), context-

centeredness (Vidal et al., 2011), and intangibility 

(Pitsis et al., 2003; Winch and Kreiner, 2009) 

have been introduced as project characteristics 

emphasized by researchers in this field.

2.2.	Quality Attributes in Products and 
Services

The word quality is often associated with 

different meanings for different people. 

Quality is both an objective and a subjective 

term, for which individuals have their own 

definitions. It could be examined from a variety 
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of perspectives (ASQ Glossory, 2008). According 

to Reeves and Bednar (2004), quality is easy 

to imagine but difficult to define. However, 

researchers in the field of quality have provided 

different definitions for it, with every of whom 

having considered a particular attribute for it, 

including fitness for use (Juran, 1998), meeting 

customer expectations (Kano, 1984), fulfillment 

of requirements (PMBOK, 2008, ISO, 9000: 2005), 

competency (Juran, 1974), reliability, usability, 

price, serviceability, availability, and security 

(ANSI / ASQC, A3-1987), degree of excellence 

(Hoyle, 1998), satisfaction (Hoyer & Hoyer, 2001), 

as well as attributes and design (Curkovic et al., 

2005), which  have been described in products 

and services.

2.3.	Quality Attributes in Projects

In a research titled ‘identifying key success 

factors in project performance’, factors such as 

competence, communication, effective quality 

assurance, compliance with standards, as well as 

positive attitude and durability were introduced 

(Homthong & Moungnoi, 2004). Likewise, 

Geraldi et al (2011) introduced the attributes 

of commitment in quality, empowerment, 

completeness, clarity, integration, adaptability, 

meeting requirements, compliance, and the 

value added aimed at developing the concept 

of quality in the field of information technology 

projects. Karna (2004) pointed out to the 

attributes of competence, abilities, capability, 

confidence, and loyalty in analyzing customer 

satisfaction and construction quality. 

Hamzah et al (2010) considered professional 

ethics as an important human factor in improving 

quality in construction projects. Arazi & Mahmoud 

(2010), in a research titled ‘a framework for 

contractor qualitative assessment in construction 

processes’, emphasized conformance to quality 

standards in the fields of materials, labor skills, 

equipment, and methods in construction projects. 

El-Mikawi (2002) considered sustainability as a 

factor effective in the success of construction 

projects, which is achieved by examining and 

evaluating different concepts of sustainability 

in the life cycle of projects. Tai et al (2016), in 

examining factors affecting the trust between 

contractors and the owners of construction 

projects, identified 24 trust attributes, some of 

which being sharing information, communication, 

competence, reputation, integrity, and 

opportunistic behaviors.

2.4.	Application of Quality Attributes in 
Projects

Nowadays, upon the development of the 

concept of quality in goods and services, its 

application in projects has been expanded as 

well. In this regard, Slack et al (2004) believe that 

a project could be the combination of services 

and goods. In the following sections, some of 

the applications of quality attributes in projects 

will be provided.

Humphreys (2004), Towler and Sinnott 

(2008), and Dysert (2006) have applied accuracy 

attribute for describing the cost estimation of 

different activities of construction projects. 

Accuracy is a degree showing the deviation 

from the real price. In terms of the completeness 

attribute, Yates and Hardcastle (2003) have 

referred to the perfectness of the contract and 

project documents. However, Cho and Gibson 

(2001) have referred to the perfectness of the 

project definition. According to Ganaway 

(2006), conformance to quality standards is 

the capability of creating the requirements in 

construction industry.

The companies acquire the credibility 

attribute through a variety of activities including 

social, technical, commercial, and operational 

activities (Rehme and Svensson, 2011). According 

to Jiang et al. (2011), believability and reliability 

are associated with credibility. They have also 

indicated that credibility indicates that the 

parties have managed to fulfill their promises.

Responsiveness attribute is the ability 

to respond to the changing condition and 
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interactions with the customer. According 

to Reis et al. (2004), responsiveness is a main 

marker in the safety of relationships.

The deliverables are either goods or services 

that can be tangible or intangible (Kermit 

Burley, 2013). The tangibles include documents, 

reports, software products, building, or server 

updating that can be effective for controlling 

and ensuring the efficient management of the 

companies (Cutting and Thomas, 2009).

Another important factor in a given project is 

timeliness that can affect the success or failure 

of a project (Hai et al., 2014). According to 

Michnik and Lo (2009), timeliness refers timely 

execution of the affairs without any delay. 

This attribute emphasizes the completion of 

a contract at the scheduled date. Evans and 

Lindsay (2005) have defined accessibility and 

convenience as the ease in conducting contract 

services.

According to Parasuraman, Zeithaml, and 

Berry (1985), security can be defined in physical 

and financial issues and the confidentiality of 

the project.

ــــــــــــــــــــــــــــــــــــــــــــــــــــ
3.	Material and Methods

3.1.	Personal Constructs and George Kelly’s 
Theory

Personal constructs theory was first 

introduced in the field of psychology by George 

Kelly in 1950. Kelly (1995) stated that everyone 

has a set of personal constructs and the 

constructs indicate our expectations from the 

events. Therefore, it was attempted to highlight 

the active nature of the constructible structures 

(Sokkia, 2007). Kelly (1995) attempted to study 

individuals and the psychological processes of 

each person’s interpretation from the outside 

world (Ma and Norwich, 2007). The personal 

constructs theory discussed by Kelly (1995) is 

based upon the metaphor “knowledgeable 

human”; this theory considers a dynamic and 

active role for human in creating knowledge 

(Niu and Easterbook, 2007). Each individual’s 

personality consists of an organized system of 

constructs that are likely to be classified based 

upon their significance (Jankowicz, 2004). In 

confirming this theory, Fransella (1972) states 

that people interpret their physical and social 

affairs in a specific way and create a pattern in 

this way. People predict the events, individuals, 

and themselves based on the patterns and they 

use such patterns to guide themselves. Thus, 

it is required to understand people’s structural 

patterns.

Personal constructs theory was first 

introduced in the field of psychology by George 

Kelly in 1950. Kelly (1995) stated that everyone 

has a set of personal constructs and the 

constructs indicate our expectations from the 

events. Therefore, it was attempted to highlight 

the active nature of the constructible structures 

(Sokkia, 2007). Kelly (1995) attempted to study 

individuals and the psychological processes of 

each person’s interpretation from the outside 

world (Ma and Norwich, 2007). The personal 

constructs theory discussed by Kelly (1995) is 

based upon the metaphor “knowledgeable 

human”; this theory considers a dynamic and 

active role for human in creating knowledge 

(Niu and Easterbook, 2007). Each individual’s 

personality consists of an organized system of 

constructs that are likely to be classified based 

upon their significance (Jankowicz, 2004). In 

confirming this theory, Fransella (1972) states 

that people interpret their physical and social 

affairs in a specific way and create a pattern in 

this way. People predict the events, individuals, 

and themselves based on the patterns and they 

use such patterns to guide themselves. Thus, 

it is required to understand people’s structural 

patterns.

3.2.	Repertory Grid

Understanding people’s mentality and 

extracting personal constructs call for special 

tools. One of these tools is George Kelly’s 
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repertory grid that has been created based on 

in-depth construct interviews and laddering 

technique; it is resulted from the interaction 

made between the interviewer and the 

interviewee. Repertory grid technique is used 

in cases where the researcher intends to know 

how the individuals understand the world and 

how they apply their own mental constructs 

to give meaning to the phenomena especially 

the complicated issues with any possible bias 

(Partington, 2002). One of the reasons for the 

popularity of the repertory grid technique is its 

three major advantages over other quantitative 

and qualitative techniques, which include the 

ability to determine the relationship between 

constructs, ease of use, and the lack of scholar 

bias. Separate networks allow for providing 

precise definitions for concepts and the 

relationship among them (Boyle, 2005).

In this study, 20 managers and executives 

experienced in gas transmission pipeline projects 

were interviewed to collect data from the 

repertory grid using structured partnership-based      

interviews (Jankowicz, 2004). The interviewees 

had a bachelor’s degree and beyond it, with 

80% of them having had more than 20 years of 

experience.

In the present study, a repertory grid 

composed of a collaboration-based structured 

interview was used for collecting the data 

(Jankowicz, 2004). The process of conducting 

the interviews and the formation of the 

repertory grid consists of three main steps: 1. 

Selecting the title and elements; 2. Extracting 

the constructs; and 3. Connecting the elements 

to the constructs (Tan and Hunter, 2002).

3.2.1.	First step: Selecting the Title and 
Elements

A repertory grid is based on what we are 

trying to understand. Since the present study 

aims at understanding the quality of projects, 

the repertory grids are based upon quality in the 

projects. In repertory grid method, the elements 

are specific objective examples covering the 

domain of the research subject (Tan and Hunter, 

2002). The elements used in the repertory grid 

can be anything and it completely depends 

on the investigated concept. According to 

Jankowicz (2004) and Anderson (2007), there 

are 6-12 favorable elements for a repertory 

grid. In the present study, by using the “role 

titles method”, as many as 6 locations were 

determined as the elements for describing 

quality in gas transmission projects. These 

elements include:

	y The highest quality gas transmission projects;

	y The lowest quality gas transmission projects;

	y The high quality gas transmission projects;

	y The low quality gas transmission projects;

	y The average quality gas transmission projects;

	y The ideal quality gas transmission projects.

3.2.2.	 Second Step: Extracting the Constructs

After selecting the elements and placing 

them in the repertory grid, the next step is to 

extract the constructs belonging to each person 

through making a systematic comparison of 

elements with each other. The most important 

attribute of a construct is its bipolarity (Fransella, 

2004). Thus, bipolarization is an essential factor 

for understanding and extracting the individuals’ 

mental constructs (Marsden and Littler, 2000). 

Von (2009) introduced dual and triple extraction 

methods as the main approaches for extracting 

the constructs. Moreover, during the interviews, 

upward and downward laddering techniques 

can be also used for ensuring a better and more 

accurate understanding of the constructs and 

their details. According to Tan and Hunter (2002), 

as many as 15-25 individuals are appropriate for 

acquiring the required constructs.

For collecting the data, the interviews were 

conducted on 20 experienced managers and 

officials involved in gas transmission projects. All 

of the interviewees had at least undergraduate 
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degrees and 80% of them had a working 

experience of 20 years and more.

In the present study, the contrast-based dual 

method was applied. The two elements were 

provided and the interviewee was asked “How 

are these two elements similar or different from 

each other?” If the interviewee refers to their 

differences, the differences will indicate two 

poles of the construct. However, if interviewee 

refers to the similarities, the interviewee is asked 

to point out the opposite of that similarity. 

The interview was conducted to the saturation 

point i.e. the interviewee failed to provide a 

new construct.

3.2.3.	Third step: Connecting the Elements 
to the Constructs

In this step, each of the elements are analyzed 

and evaluated based on each bipolar construct; 

it will be clear how individuals describe each 

element based on a given construct and 

differentiate the elements (Rogers and Ryals, 

2007). Thus, after selecting the elements and 

extracting the personal constructs, it is essential 

to connect the elements to the constructs. For 

making a more accurate distinction between the 

elements (based on the construct) and providing 

an opportunity for reflecting the participants’ 

impartial views, a grading method is applied for 

evaluating the elements. Five-point or seven-

point scales are the most common scales used 

in most of the studies (Von, 2009). In evaluating 

the elements of the present study, the five-

point Likert scale was used for reflecting the 

participants’ impartial views.

The reliability of the repertory grid has made 

it attractive not only for repeating the same 

results but also for showing change or stability 

and whatever they imply (Fransella et al., 2004). 

Fransella and Bannister (1977), in reviewing 

some studies on the repertory grid, expressed 

that high or low reliability was not important; 

according to them, what mattered was that 

if individuals maintained or changed their 

interpretations of events, the network would be 

capable of representing them. In the repertory 

grid, network validity is determined by its ability 

to make individuals know how to describe their 

own interpretations (Petersen, 2004). From this 

perspective, a network able to reflect a more 

accurate description of people’s interpretations 

will have higher validity (Fransella et al., 2004). 

Similar to the study conducted by (DanaeeFard 

et al., 2014), the following measures were 

adopted to ensure the reliability and validity of 

the findings in this study:

−	 Using the role title or role description 

method at the element selection stage

−	 Using the ladder complementary method 

at the construct extraction stage 

−	 Matching the extracted constructs 

using the participants’ viewpoints at the 

extraction stage

−	 Using a 5-point Likert scale at the stage of 

connecting the elements to the constructs 

−	 Performing a content analysis by 

the researcher as well as two project 

management experts

ـــــــــــــــــــــ
4.	Results

   By conducting 20 independent interviews, as 

many as 20 unique repertory grids were formed 

and 284 personal constructs were extracted. 

Since the number of the constructs obtained 

was too many to be analyzed, the constructs 

were added up and combined by using content 

analysis technique. Similar constructs were 

categorized in 40 groups forming the secondary 

constructs (See Table 1).of small foot print in 

skid design, the SMR process with one phase 

separator (by 43% sharing in SMR processes) has 

been selected in this paper. The commercialized 

liquefaction units by companies such as Linde, 

Black & Veatch, Air Products and so on, also 

contains only the 0-phase, 1-phase and 2-phase 

separators in their refrigeration cycles.
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Table 1. Secondary Constructs Obtained from the Content Analysis

ID Secondary Constructs

Frequency

Initial 

Constructs

Description of the Positive Pole of the Secondary Construct

1
Compliance with the standards-

nonconformity with the standards
13

Adhering to the basic requirements defined for the products 

in terms of quality, health protection, consumer’s safety, and 

environment

2 Competence-incompetence 18 Having the required expertise, experience, and financial ability

3
Appropriate design and engineering- 

inappropriate design and engineering
12

Having the designing capability as well as basic and detailed 

conceptual engineering

4
Effective supervision - ineffective 

supervision
18

Enjoying a systematic procedure for ensuring the execution of 

plans, correct use of resources, and achievement of goals

5 clarity- ambiguity 7
Enjoying a management based on clarity of goals by justifying the 

human resources about their duties and responsibilities

6 flexibility- stiffness 11

Enjoying the organizational capabilities for managing the required 

changes in designing and engineering, structure, human resources, 

and merging/combining processes and working methods

7 Commitment- indifference 6
Commitment to a project and the duty or warranty existing for a 

project

8 Sound execution- unsound execution 6

Adherence to the initial studies and the feasibility report of the 

project, selecting competent contractor and consultant, and clarity 

of the deliverables in engineering documents

9 Specialization-generalism 13

The presence of well-informed expert staff in an organization 

regarding the subject of the project and their own responsibilities, 

accurate classification of essential duties and principles by the 

individual

10 Technology oriented- traditionalism 10

Applying technology and new construction method for speeding 

up the construction process, reducing the execution time, and 

promoting the intended quality

11 Desirability- undesirability 6
The set of product attributes in terms of quality and quantity that 

brings about an admired product

12 Convergence-divergence 17
Enjoying the cooperation between different units or parallel 

activities for common goals

13 Accountability- unaccountability 11
Responsibility, accountability, and acceptance of a project 

requested from an individual
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14 Continuity-Discontinuity 18

Continuity is a fact of something continuing of existence or 

operation for a long period of time without being changed or 

stopped (continuity of developers’ key resources on their project) 

15 Duplication- induplication 6
Adherence to the principles of project execution for reducing the 

unwanted duplication within a system

16 Satisfaction- dissatisfaction 5
The project employer’s feeling or attitude toward the project or 

project services after its operation

17 Underuse- overuse 2
The highest efficiency is achieved by using the least energy 

possible

18
Supplying the requirements- failure to 

supply the requirements
6

The needs and expectations of the employer or the beneficiaries 

are fulfilled

19 Integration- separation 13

Enjoying a sound background for registering and recording the 

uniform and compatible information for using in the systems or 

fulfilling the needs

20 Empowerment- weakening 6
Enjoying a process in which the individuals are able to control 

themselves and take up new responsibilities

21 Objectivism- subjectivism 4 Enjoying an objectivism independent of beliefs and attitudes

22
Effective communications- ineffective 

communications
8

Supplying an appropriate network and required data for all of the 

key factors needed for the execution of a project

23 Foresight - presentism 2
Understanding the possible future opportunities and selecting 

them for directing the present measures

24 Participation - isolation 4
The individuals’ mental and emotional involvement for achieving 

the intended goals

25 Safety- risk 5 Adherence to principles that reduce the rate or degree of risk

26 Reliability- unreliability 4
Enjoying the likelihood of an accurate function for a definite time 

(based on the existing and predetermined condition)

27 Efficiency- waste 4 The capability of achieving the defined goals

28
Time management- time 

mismanagement
3

Enjoying the processes required for the management of project’s 

timely completion

29 Stability - instability 6 Enjoying a series of status that are required to continue over time

30 Cost retrenchment - cost overshoot 3
Continuous improvement of value-adding activities and reducing 

or excluding non-value-adding activities



22  Journal of Gas Technology . JGT , Volume 7 / Issue 1 / 2022

31 Team oriented- individualism 7
A group of individuals that bring about synergy for achieving a 

definite goal by having complementary kills

32
Risk management- risk 

mismanagement
2

A systematic method for excluding uncertainties so that the system 

increases the likelihood of achieving the goals

33
Good documentation- bad 

documentation
3

The project’s deliverable documents are complete, adequate, and 

accurate

34

The architectural beauty of facilities 

(nice) - the architectural ugliness of 

facilities (unlikable)

3
The harmony and coordination of equipment and facilities with 

the arrangement of spaces and environment

35 productivity- idleness 3 The execution of activities with the least resource waste

36 added Value - added loss 2
Enjoying a profit beyond the initial expectations of the investor in 

a specific field

37 Creativity and innovation - inability 4 Enjoying mental capabilities for creating a new idea or concept

38 Dynamism- staticity 3

The organization’s alignment with environmental changes and 

creating the possibility for predicting results and effects of 

managerial decisions

39 Accessibility- inaccessibility 5
Ease of operating, repairing, checking, and supervising the 

equipment and having access to the equipment

40 sustainability- unsustainability 5
Giving due attention to effective environmental factors in places 

people live

When the content analysis was conducted and 
the constructs were classified in 40 categories, 
the repertory grid was formed. This grid is a 
rectangular matrix in which the element grading 
was conducted for 40 secondary constructs; the 
positive and negative poles of this matrix are 
located on both sides of this matrix (See Table 2). 
As it can be seen in the matrix, the attributes of 
projects with a higher quality are at the positive 
pole. They include compliance with the standard, 
competence, and appropriate design and 
engineering. Nonconformity with the standards, 
incompetence, and poor and inappropriate 
design and engineering are all at the negative 
pole. According to the interviewees, ideal quality 
projects are the best ones, and constructs including 
compliance with the standards and competence 

have been evaluated at a very high level.

4.1.	The Compliance of the Constructs

In investigating the compliance of the 
constructs with quality using t-test, it was 
concluded that all secondary constructs and 
grid elements could affect the quality of gas 
transmission projects. Once more, 

the constructs were analyzed and investigated 
by the experts. The results of the binominal test 
indicated that according to the interviewees, 
most of the constructs are compliant with the 
measurement of the hidden attribute (the 
quality of gas transmission projects). However, 
in the re-interview, the compliance of one of the 
constructs was mentioned by few interviewees. 
Moreover, in some of the constructs, there is no 
reason indicating the rejection of the assumption 

that the number of pros and cons is equal.
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Table 2. Cumulative Repertory Grid

ID Secondary Constructs Grading Construct (Negative pole)

1 Compliance 5 1 4 2 3 5 Nonconformity

2 Competence 4 1 4 2 3 5 Incompetence

3 Appropriateness 5 1 5 2 3 5 Inappropriateness

4 Effective supervision 4 2 4 2 3 5 Ineffective supervision

5 Clarity 5 1 4 2 2 5 Ambiguity

6 Flexibility 4 2 4 2 3 5 Stiffness

7 Commitment 4 2 4 2 3 5 Indifference

8 Sound execution 4 2 4 2 3 5 Unsound execution

9 Specialism 4 1 4 2 3 5 Generalism

10 Technology oriented 4 2 4 2 3 5 Traditionalism

11 Desirability 4 2 4 2 2 5 Undisirability

12 Convergence 4 1 4 2 3 5 Divergence

13 Accountability 4 2 4 2 3 5 Unaccountability

14 Continuity 4 2 4 2 3 5 Discontinuity

15 Induplication 4 2 4 2 3 5 Duplication

16 Satisfaction 5 1 4 2 3 5 Dissatisfaction

17 Underuse (Consumption energy) 4 2 4 3 3 5 Overuse (Consumption energy)

18 Supplying the Requirement 5 1 5 1 3 5 Failure to supply the Requirement 

19 Integration 5 1 4 2 3 5 Separation

20 Empowerment 4 2 4 2 2 5 Weakening

21 Objectivism 5 1 5 1 3 5 Subjectivism

22 Effective communications 4 2 4 2 2 5 Ineffective communications

23 Foresight 4 2 3 2 2 5 presentism

24 Participation 4 1 4 2 3 5 Isolation

25 Safety 4 2 4 2 2 5 Risk

26 Reliability 5 1 4 1 3 5 Unreliability

27 Efficiency 5 1 5 2 3 5 Waste

28 Time management 4 2 4 2 3 5 Time mismanagement

29 Stability 5 1 5 1 3 5 Instability

30 Cost retrenchment 4 2 4 2 2 5 Cost overshoot

31 Team oriented 5 1 4 1 2 5 Individualism

32 Risk management 4 2 4 2 3 5 Risk mismanagement

33 Good documentation 4 2 4 2 3 5 Bad documentation

34 Nice 4 1 3 1 2 5 Unlikable

35 Productivity 4 1 4 2 3 5 Idleness

36 Added value 4 2 3 2 3 5 Added loss

37 Creativity 4 2 4 2 3 5 Inability

38 Dynamism 4 1 4 1 3 5 Staticity

39 Accessibility 4 2 4 2 3 5 Inaccessibility

40 Sustainability (Environmental) 4 2 4 2 2 5 unsustainability (Environmental)

Project with ideal quality

Project with average quality

Project with low quality

Project with high quality

The lowest quality projects

The highest quality projects
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4.2.	Clustering the Constructs of the 
Repertory Grid

The hierarchical cluster analysis was applied 
for clustering the constructs. The hierarchical 
compact method starts with single constructs. 
Thus, similar constructs are placed in clusters, 
the members of which have the highest 
similarity to the created clusters. The average 
linkage dendrogram indicates the clustering 
of the constructs. In the second phase, the 
constructs consist of 7 clusters. Figure 1 shows 
the dendrogram diagram.

In investigating cluster number 1, it can be 
seen that desirability, empowerment, effective 
communications, safety, costs retrenchment 
and sustainability constructs fall into this 

cluster and the combination of this cluster 
with foresight construct has created a new 
cluster. Moreover, in cluster 3, it can be seen 
that competence, specialism, convergence, 
participation, and productivity constructs 
fall into one cluster for their adaptability and 
similarity, and the combination of this cluster 
with dynamicity construct has created a new 
cluster. On the other hand, by investigating the 
cluster and elements, it can be observed that 
projects having attributes including desirability 
and due attention to safety and environment 
are regarded as projects that enjoy a high 
quality in terms of their evaluation from the 
elements. Other cluster can be investigated just 
like cluster 1.

Figure 1. Dendrogram Diagram
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To further evaluate appropriateness of the 

constructs with the related clusters, as many as 

15 experts were surveyed using a questionnaire. 

The data were then analyzed using binominal 

test. After conducting the survey, most of the 

constructs were replaced in the suggested 

clusters. Considering the significance of each 

cluster, cluster number 7 was excluded. This 

cluster consisted of only one construct, i.e. the 

architectural beauty of the facilities. The final 

clustering is provided in Table 3.

Table 3. Clustering of Constructs

Cluster Title of Construct Cluster Title of Construct

1

Desirability - Undesirability

Foresight -  Presentism

Cost retrenchment -  Cost overshoot 

Sustainability(Environmental)-  

Unsustainability(Environmental)

Participation- IsolationIn

duplication -  Duplication

4

Compliance - Non-compliance

Integration -  Separation  

Creativity -  Inability 

Good documentation -  Bad documentation

2

Effective supervision - Ineffective supervision

Commitment - Indifference

Technology oriented - Traditionalism

Accountability - Unaccountability 

Continuity - Discontinuity  

(Consumption energy) Normally - Intensity (Consumption energy)

Time Management - Time mismanagement 

Risk management -  Risk mismanagement 

Added value - Added loss

Effective communication - Ineffective communication 

Team oriented - Individualism  

Empowerment - Weakening

5

Reliability - Unreliability

Sound execution - Unsound Execution 

Stability - Instability

Accessibility -  Inaccessibility 

Safety - Risk

3

Competence -  Nonconformity 

Specialism - Generalism

Convergence - Divergence

Efficiency - Waste

Dynamism - Staticity

Productivity - Idleness 

Satisfaction - Dissatisfaction

6

Appropriateness - Inappropriateness 

supplying the Requirement - Failure to supply the Requirement

Objectivism - Subjectivism

Clarity - Ambiguity

Flexibility - Stiffness

4.2.	Identifying the Main Constructsd

Pareto chart was used to identify the main 
constructs affecting the project quality. In the 
first phase, inter-cluster Pareto chart was applied 
to identify the cluster having the most effects 
on the project quality. Moreover, in the second 
phase, intra-cluster Pareto chart was used to 
identify the most important construct of each 
cluster using significance level of 0.05. In the 
first phase, the Pareto chart counter indicated 
the number of intra-cluster constructs. In the 
second phase, the Pareto chart counter identified 
the number of initial constructs related to each 
construct. They were all determined based on the 

research documents.

As it can be seen from Figure 2, the x-axis 
indicates each of the six clusters and the y-axis 
shows their frequency. It can be observed that 
the second cluster accounts for 12 constructs 
out of 40 secondary constructs; it accounts 
for the highest percentage (30%) of the main 
factors. The cumulative line in Pareto chart 
indicates the total portion of the causes. Cluster 
frequency indicates that the second point of 
the cumulative line is higher than its previous 
point. Experience has shown that reducing the 
long bar to half is much easier than reducing 
the short bar to zero. Thus, if the positive pole 
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of the existing constructs in the second cluster 
improves, ignoring the other clusters will solve 
most of the problems related to the quality of 
gas transmission projects, and the quality of the 
entire project will improve. These factors include 

ineffective supervision and control, indifference, 
traditionalism, unaccountability, separation, 
underuse, lack of empowerment, isolation, lack 
of time management, individualism, lack of risk 
management, and added loss.

Figure 2. Pareto Diagram Between Clusters

Moreover, in Table 4 for intra-cluster Pareto 
chart, it can be seen that improved insignificant 
constructs will result in the increased quality 
of the project. These insignificant constructs 
include ineffective supervision and control, 
unaccountability, divergence, incompetence, 
nonconformity with the standards, separation, 
unsound execution, and inappropriate design and 
engineering.

The results of the first phase of Pareto analysis 
indicates that in comparison to the other cluster, the 

second cluster accounts for the highest number of 
constructs with 12 constructs. Moreover, the results 
of the second phase indicated that constructs 
4 and 13 have the highest number of initial 
constructs among the constructs of this cluster. 
The results of the second phase determined the 
constructs having the highest number of initial 
constructs in each cluster. Thus, the negative poles 
of the following nine constructs were identified as 
the main factors affecting the reduced quality of 
gas transmission projects.

Table 4. Pareto charts to determine the constructs of clusters within each cluster

The Title of the Negative Pole of 

Effective Constructs

Frequency of Construct in 

Primary Constructs

Num. of Cluster 

Constructs
Cluster Num. Cluster

Undesirability 6 6 11 1

Ineffective-supervision 18 12 4 2

Unaccountability 11 12 13 2

Divergence 17 7 12 3

Incompetence 18 16 2 3

Nonconformity 13 4 1 4

Separation 13 12 19 4

Unsound Execution 6 5 8 5

Inappropriateness 12 5 3 6
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These nine constructs account for 40% of 

the total 284 initial constructs. If the negative 

poles of these constructs are improved, most 

of the problems related to the quality of gas 

transmission projects will be solved. These 

attributes include:

nclude:

	y Compliance with the standards- 

nonconformity with the standards;

	y Competence- incompetence;

	y Appropriate design and engineering- 

inappropriate design and engineering;

	y Effective supervisionIneffective supervision;

	y Sound execution- unsound execution;

	y Desirability- Undesirability;

	y Convergence- divergence;

	y Accountability- unaccountability; and

	y Integration- separation.

ــــــــــــــــــــــــــــــــــ
5.	Discussion

In this section, discussion is provided based 
on the findings of this study and considering 
theoretical foundations and findings in past 
research aimed at investigating the degree of 
possible convergences and divergences. 

5.1.	 Compliance

Technical compliance is an important 
attribute required for the proper performance 
of construction projects. According to findings 
(Jha, 2004), quality compliance is one of the 
five criteria of project performance. In the 
same vein, Ganaway (2006) argues that the 
construction industry should emphasize 
the need for standard-based compliance in 
contracting as well as in product specification, 
processes, and services, with everybody being 
required to understand it.                

Therefore, the necessity of considering this 
attribute is consistent with the findings of other 
researchers in the field of construction projects.

5.2.	 Competence

This attribute implies project managers’ 
qualification indicators. According to 
Liikamaa (2015), the literature on project 
management often offers various descriptive 
requirements, skills, attributes, and roles, with 
their competence being affected by personal 
and social attributes as well as individuals’ 
skills. Competence has been defined as the 
mastering of skills and knowledge needed by 
all employees (Parasuraman, 1985).

    Turner et al (2003) believes that 
competence is essential for project success but 
cannot guarantee project success. In contrast 
to Turner and Muller, Nagrecha (2002) believes 
that competence is an important attribute of 
project managers, which does not affect their 
leadership style and competence in project 
success. According to Liikamaa (2006), many 
competencies are shared among professional 
groups, but each group has also specific 
attributes that need to be identified according 
to the requirements of each organizational 
task. As mentioned in the present research, 
high-quality projects have qualified managers 
or contractors, with this fact being consistent 
with the results of other researchers.

5.3.	 Appropriateness

The design and engineering phase is one 
of the major project phases, which has been 
given the highest rating in the study by Sha’ar 
et al (2017). Babalola et al (2018) considered the 
purpose of the design phase to reduce losses in 
the construction industry in terms of time, costs, 
and quality. In this respect, Tang et al (2003) 
considers design quality as a key evaluation 
factor from customers’ point of view, which is 
consistent with the findings of this study.

5.4.	 Effective Supervision

According to Hazir (2014), supervision 
involves a set of policies, methods, and tools 
that guarantee the achievement of project 
goals. In this context, Jack et al (2016) believe 
that the project supervision and control 
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process is meant to ensure that everything 
goes according to plans. In other words, 
supervision results in identifying disputes and 
changing management; it also updates the 
plans gradually according to the feedback. 
Hence, this attribute is in line with the results 
reported by researchers in this field. 

5.5.	 Sound Execution

This attribute highlights the importance of 
applying the principles of project management 
standards as stated by the interviewees. In 
this regard, Chatfield (2007) describes project 
management as a field of planning, organizing, 
and managing resources to successfully 
achieve the project’s specific goals and 

objectives. According to Kerzner (2005) as 
well as Pennypacker and Grand (2003), many 
studies have highlighted the benefits of using 
project management, for its processes could be 
applied in a variety of industries by providing 
a structured approach to successful project 
completion. Therefore, standard project 
management could be used to execute projects 
soundly, which is consistent with the concept 
of this attribute.

5.6.	 Desirability

This attribute represents one of the 
important project activities, which is the process 
of purchasing goods and materials as well as 
planning for them. As mentioned previously in 
this study, material management needs to be 
executed properly to increase project quality. 
According to Dakhlim and Lafhaj (2018), material 
management is done to ensure that the required 
products are provided and delivered properly 
and accurately at the right time and place, with 
the highest quality and at a reasonable price. 
In their findings, Khyomesh and Chetna (2011) 
recommended that the goods manufactured 
be inspected before being delivered to the 
site and that the requirements specified in 
the order be well considered. In addition, 
according to them, in the effective planning for 
purchasing, transporting, and storing materials, 

the quality assurance and proper selection of 
manufacturers and suppliers are required.

5.7.	 Convergence

Convergence, in industry, is a strategic 
goal and a business challenge. Convergence 
concepts serve different purposes and 
functions. In addition, the convergence of 
human systems and technologies increases 
communication between people at all times 
and places. Alderman N. and Ivory C. (2011), in 
their research tilted ‘Translating Convergence in 
a Project’, believe that it is necessary to examine 
the relationship between project convergence 
and divergence to determine the causes of 
project success and failure. In the same vein, 

Law and Callon (1992) stated that convergence 
or divergence is one of the special attributes 
of the actor-network relationship. Ejohwomu 
et al (2016) stated that conflict causes non-
convergence in projects. Likewise, Acharya 
et al (2006) and Adnan et al (2012) stated that 
the lack of convergence leads to conflicts in 
projects, thereby making them fail. Therefore, 
this attribute is consistent with the descriptions 
presented by other studies on project failure or 
success.

5.8.	 Accountability

This attribute consists of the reliability and 
acceptability of responsibilities, as mentioned 
by the interviewees in the research process. In 
this study, attentiveness to trust is in line with 
the findings of Samuel (2001) who defined 
accountability as employee confidence in 
meeting performance commitments. It is also in 
line with the findings of Browning (2012) who 
believed that a team accepts responsibilities for 
the results of its actions. Accountability leads 
to a rapid improvement in the project process, 
with this being in line with the findings of 
McGrath and McGrath (2018). In contrast to the 
definitions of accountability, they considered 
legislative, organizational, contractual, and 
informal sources for accountability, which 
ensure a satisfactory performance.
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5.9.	Integration

By project integration it is meant to 
establish a type of interdependency among 
the components of an organization to achieve 
project goals. Since the concept of component 
solidarity is implied by the attribute of 
integration, it ensures that different elements 
of a project be in harmony with each other. 
Thus, this study is in line with the study by 
Baiden et al (2006) who defined integration 
as ‘practices, methods, and behaviors, which 
create an effective culture of effective 
collaboration among individuals, organizations, 
and departments.’ It is also consistent with 
the perspectives of Ibrahim et al (2011) who 
defined integration as the exchange of 
information, communication, practices, tools, 
and orders, which facilitates communication 
and interaction among team members.

ـــــــــــــــــــــــــــــــــ

6.	Conclusions

Today, no one can deny the fact that project 
management has become quality oriented. 
Everyone prefers not only project delivery but 
quality project delivery. Therefore, quality 
management must be in place from the 
beginning of the project to the end.

In a project, quality attributes are defined by 
stakeholders, and a quality attribute is used to 
indicate how well the system meets the needs 
of its stakeholders. Therefore, by applying 
quality attributes, we can determine whether 
the system meets the quality requirements as 
well as the needs of the stakeholders.

In this study, 20 experienced managers and 
executives involved in gas transmission pipeline 
projects were interviewed using the repertory 
grid technique, with a total of 284 primary 
personal constructs of quality extracted. 
Next, using a content analysis, 284 primary 
constructs were reduced to 40, which formed 
a cumulative repertory grid. At the next stage, 
the constructs of the cumulative repertory grid 
were categorized into six separate clusters 
based on statistical similarities and using a 

hierarchical cluster analysis. 

In addition, by employing Pareto statistical 
analysis in two stages within each cluster and 
among the clusters, cluster representatives, 
including the constructs of compliance, 
competence, appropriateness, effective 
supervision, sound execution, desirability, 
convergence, accountability, and integration 
were identified and selected. 

As already noted in this research, these 
attributes reflect the multidimensionality 
of quality concepts in construction projects 
and exhibit their different effects on quality 
enhancement in these projects. The study of 
quality in projects indicates an approach to the 
concept of quality in companies facing various 
challenges in today interactions, similar to the 
ones discussed here. Given these findings, 
continuous improvements in these attributes 
could be considered as important factors in 
meeting quality requirements in construction 
projects. The results of this study could be 
used by managers and experts in the field of 
gas transmission pipeline projects to improve 
quality management in projects by drawing 
upon the knowledge of important quality 
attributes in the studied field.

The scope of this study is limited to 
gas transmission pipeline projects in Iran. 
Methodologically, this study has limitations 
similar to those in empirical research. In addition, 
perceptual and individual bias could influence 
the research process in any organizations. One 

of the limitations of this study is the review of 
projects at specific times. In this study, six large 
gas transmission pipeline projects were studied. 
Bureaucracy created problems in finding 
project agents and conducting interviews. The 
interviews were long and exceeded an hour; in 
addition, there was always the possibility that 
the interviewees would get bored and not have 

enough accuracy in answering the questions. 
In addition, research should be conducted 
when people are emotionally prepared so as 
not to provide inappropriate responses under 
disturbing factors, such as job-related problems.
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In terms of the contribution of innovation in 
this research, one could refer to the large number 
of qualitative constructs according to managers’ 
understanding in gas transmission pipeline 
projects. By offering validation suggestions, 
this research enriches the literature on project 
quality; in addition, the use of these constructs 
by project-oriented organizations enhances 
the insights of managers and stakeholders. In 
addition, the repertory grid technique, which is 
based on interpretive theories, has not already 
been used in oil and gas projects, so it could be 
considered an innovation in this respect.

In this study, the quality attributes of gas 
transmission pipeline projects were identified 
by the participants. Testing and refining these 
attributes by further research in this field 
could enrich the treasury and help create new 
definitions for project quality. It is suggested 
to investigate interactions and relationships 
among the attributes identified in future 
research.

ـــــــــــــــــــــــــ
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شناسایی ویژگی‌های کلیدی کیفیت در پروژه‌های خطوط انتقال گاز 
با استفاده از روش شبکه خزانه

مجید چگنی1، رسول نورالسناء2*، سیامک نوریی3•	
1 دانشجوی دکتری مدیریت سیستم و بهره‌وری، دانشکده مهندسی صنایع، دانشگاه علم و صنعت ایران، تهران، ایران	.

2 استاد، دانشکده مهندسی صنایع، دانشگاه علم و صنعت ایران، تهران، ایران	.

3 دانشیار، دانشکده مهندسی صنایع، دانشگاه علم و صنعت ایران، تهران، ایران	.

) rassoul@iust.ac.ir )ایمیل نویسنده مسئول: 

ـــــــــــــــــــــــ

چکیــــده

هدف اصلی این تحقیق، فهم‌شناسی ویژگی‌های کلیدی کیفیت در پروژه‌های انتقال گاز است. با به‌کارگیری نظریه سازه‌های شخصی 
کلی و روش شبکه خزانه و همچنین انجام مصاحبه با 20 مدیر و متخصص پروژه‌های انتقال گاز، 284 سازه کیفی شناسایی‌شده است. 
این سازه‌ها با استفاده از تحلیل محتوا در 40 دسته طبقه‌بندی و سپس با روش‌های آماری مورد تجزیه‌وتحلیل قرار گرفتند. با استفاده از 
تجزیه‌وتحلیل آماری 9 ویژگی کیفی شامل، انطباق با استانداردها، شایستگی، تناسب در طراحی و مهندسی، نظارت مؤثر، اجرای صحیح، 
مطلوبیت، همگرایی، پاسخگویی و یکپارچگی شناسایی شد. این سازه‌ها به‌عنوان عوامل اصلی مؤثر بر کیفیت پروژه‌های انتقال گاز می‌باشند.

در این مطالعه داده‌ها از پروژه‌های انتقال گاز انجام‌شده از ادارات کارفرما جمع‌آوری‌شده است. مطالعات بعدی نه‌تنها تعداد مصاحبه 
شوندگان را افزایش می‌دهد، بلکه مشارکت پیمانکاران در مصاحبه‌ها را برای دستیابی به نتایج جامع‌تری اعمال می‌کند. با توجه به شرایط 
حجم، دما و فشار، پروژه‌های صنعت نفت از حساسیت و اهمیت حیاتی برخوردار هستند. مدیران سازمان‌های پروژه محور می‌توانند از 

یافته‌های پژوهش حاضر برای ارتقای کیفیت و موفقیت پروژه استفاده کنند.
مطالعه حاضر جدید بوده و یکی از اولین موارد بررسی مفهوم کیفیت در پروژه‌های انتقال گاز است. این مقاله شواهد تجربی از تأثیر 

مثبت ویژگی‌های کیفیت بر عملکرد این‌گونه پروژه‌ها است و ادبیات مربوط به کیفیت را توسعه می‌دهد.

واژگان کلیدی: ویژگی‌های کیفیت، سازه، شبکه خزانه، خوشه، انتقال گاز


