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Abstract: During the last few decades, there has been a greater understanding of the role of lean con-
struction (LC) in achieving better management of construction projects and enabling the application
of the fourth industrial revolution in the construction industry (Construction 4.0), which in turn, has
the potential to improve the practices and outcomes in the construction industry. This paper aims to
identify the barriers to adopt LC practices by taking a case of the Kingdom of Jordan. A questionnaire
that included 30 barriers that were resulted from a comprehensive literature review was distributed
and filled by 326 respondents from the Jordanian construction industry. The findings showed that
the absence of support from the top management, low awareness toward LC, lack of training, and
the absence of transparency are amongst the most serious factors that hinder the adoption of LC.
The findings in this paper might be helpful to improve the knowledge about LC and support the
adoption of new techniques that might improve the performance in the construction industry.

Keywords: lean; lean construction; lean implementation; lean adoption; construction 4.0; barriers;
Jordan

1. Introduction

Since the early 1990s, and due to the success of lean thinking in manufacturing,
noticeable efforts have been made to apply lean thinking or lean construction (LC) in
the construction industry. Despite the lack of documentation in some cases, some re-
searchers described the results of LC implementation as “revolutionary” [1]. These re-
sults include improvement in cost saving [2-8], profitability for projects parties [3,9],
labor productivity [3,10-13], project duration [3,6-8,14-16], quality [3,4,17], safety and
accidents rate [3,4,7-9,11,16], sustainability [18-20], collaborative work environment and
relationships between partners [4,7,21-23], inventory management [6,8,24,25], site organi-
zation [16,22], scheduling and work predictability [3,6,7,16,21,23], job satisfaction [26], and
client satisfaction [3,9,16,17,25].

The implementation of LC was noticeable in several areas around the globe such as
the United States, United Kingdom, South America, and Scandinavian countries [1,27,28].
Nevertheless, in many countries, lean construction was not welcomed, (e.g., in Japan which
is the origin of Toyota production systems where lean was firstly developed), not known,
or faced by numerous barriers [29-34].

In Jordan, as a developing country that suffers from the increasing population and
the political crises in the region, the construction industry is a critical sector to help the
country face these challenges [31]. As well, this sector contributes to about 4.5% of the
national gross domestic product [35]. However, the construction sector in Jordan suffers
from several problems that hinders its role as a significant sector to achieve sustainable
development in the country. Examples of these problems include, but are not limited to,
safety-related problems, delays, poor quality, performance, and productivity, unskilled
labor, cost overrun, and reworks [36-43]. As a result, there is a need for a change in the
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way of managing construction projects in Jordan. Accordingly, LC, as a philosophy that
proves its effectiveness in many projects and places around the globe, might be one of the
needed solutions to solve these problems. In fact, the body of research and studies on LC
adoption in Jordan is very limited [31,33].

Therefore, this paper tries to identify the most affecting barriers that face the adoption
of LC in Jordan, hoping that this study can contribute to achieving an effective change in the
management of the construction projects in Jordan. Furthermore, “lean” is not the specific
rules to be used; instead, it is a mindset and culture to be adopted. Hence, identifying the
most significant barriers to adopt lean would help to identify the enablers and the strategies
to implement this mindset to be more compatible with the Jordanian environment.

2. Literature Review

The concept of lean was coined in the Toyota Production System (TPS) in Japan
in the 1970s of the last century and moved to the west and the world in the writings
of Krafcik [44], and Womack, Johns, and Ross [45,46]. The principles of these systems
include [45,46]: (1) Value identification from customer’s point of view, (2) Identify value
stream, (3) Eliminate wastes and prevent stoppages in the flows within work processes,
(4) Customer pull, and (5) Continuous work to achieve perfection. “The Triumph” of
lean, as described by Krafcik [44], and the success of lean thinking in manufacturing,
encouraged many researchers and practitioners to work to mimic the experience of lean in
manufacturing in other sectors; including construction such as aerospace, metal processing,
construction industry, and even in services [47,48].

The introduction of lean to the construction industry started in 1992 by Lauri
Koskela [49,50] who presented Transformation-Flow-Value (TFV) theory, which has three
central concepts; “Transformation”, which is transforming the inputs into outputs by de-
composing the work into tasks, then minimizing the cost of these undertakings in order to
realize the efficiency of the added-value activities. “Flow” of materials and information that
includes, in addition to transformation, inspection, moving, and waiting. The main aim
of flow design and improvement is minimizing the wastes of non-added value activities.
In addition to the “Value” generated from the customer point of view, by ensuring under-
standing the needs of the customer and fulfillment these needs. In addition to Koskela’s
work, Ballard [51,52] introduced the Last Planner System (LPS), which is lean tool that was
specifically developed in the construction field and aims to create a social process based on
discussion between planning and site staff to have a reliable workflow [53]. LPS is the most
well-known lean construction tool for planning and control. Sometimes, it is even used as
a synonym for the term lean construction [54] and is used as a practical tool to understand
the lean thinking application in the construction industry [53].

Since the introduction of lean thinking in construction, several definitions were pre-
sented for the LC. In their review, and based on reviewing some of the available definitions
for LC, Albalkhy and Sweis [34] defined LC as “a philosophy that aims to improve the
collaboration between all project stakeholders to maximize value for all of them in general
and for the customer in particular. In addition to eliminating all kind of wastes, achieving
continuous improvement, improving flow of materials, reducing cost and enhancing safety
and quality”. Accordingly, lean construction can be seen as a social system that gathers
different stakeholders in the project to achieve the value for them and for the customer. This
can be seen when finding collaboration that governs most of the LC tools and practices [34].
However, this industry is characterized as a fragmented industry, in which stakeholders are
working together but have different objectives and perspectives about work [55,56], which
in turn, causes reluctance for collaboration between them [3,18,21-23,57-64]. Therefore,
in order to study the barriers to adopt a collaborative-based philosophy and to achieve a
change in the construction culture, it is worthy to understand the perspectives of different
stakeholders in the industry about this philosophy. Hence, this study aims to answer the
following research questions:
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Do contractors, consultants, and owners have different views about the barriers facing
the adoption of LC?

3. Research Methodology

The literature includes numerous studies about barriers that face the adoption of
lean construction [3,21,28,34,55,59,60,63-76]. However, there is no study about this topic in
Jordan. Additionally, the current study is different from the previous studies by its endeavor
to assess the barriers from the perceptions of different stakeholders in the industry.

The only study that is available about this topic in Jordan is another paper from the
same project [34], in which a systematic literature review (SLR) was conducted to identify
the list of the problems that face the adoption of LC in general; without any geographic
determination. SLR was based on reviewing 117 studies from different countries about
the experiences of LC implementation and adoption in peer-reviewed scientific journals in
the following databases: “Emerald Insight, Wiley Online Library, Science Direct, Taylor &
Francis, Springer Link, ASCE Library, SAGE Journals”. In addition to the Lean Construction
Journal, the annual conference papers of the International Group of Lean Construction
(IGLC), and some seminal studies about lean. The results of the SLR were identifying
and thoroughly explaining 29 barriers that LC adoption faces. The same paper classified
barriers into three groups:

e Internal environment-related.
e Input (labor and materials)-related.
e  Exogenous.

This study aims to validate this model by taking the case of Jordan and to identify the
most affecting barriers on lean construction adoption from the perspectives of different
stakeholder groups working in construction, namely, owners, contractors, and consultants.
The list of the identified barriers and the classification of these barriers can be found in
Table 1.

Table 1. List of the barriers that face the adoption of lean construction [34].

Classification

Barrier

Barriers Related to the Internal Environment

Poor understanding of the customer needs and lack of customer focus (IE1)

Management resistance to change (IE2)

Lack of support and commitment from top management (IE3)

Lack of involvement and transparency among stakeholders (IE4)

Lack of adequate lean awareness and understanding (IE5)

The results are not fast and often only partially visible, and may not conform with high
expectations from management (IE6)

Lean may lead to additional cost/Implementation cost (IE7)

Inaccurate and incomplete designs, and lack of applying the concept of design
constructability (IE8)

The reluctance of project participants to share risks (IE9)

Lack of a long-term philosophy and planning (IE10)

Lack of planning for quality (IE11)

Poor leadership and insufficient management skills (IE12)

Lack of incentives and motivation and poor professional wages (IE13)

Inadequate administration of the necessary information to generate a learning cycle and take
corrective actions (IE14)
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Table 1. Cont.

Classification Barrier

Hierarchies in organizational structures /Unsuitable organizational structure (IE15)

Centralization of the decision and avoid making decisions and taking responsibility from
those who are not in the top management (IE16)

Lack of identification and control of waste (IE17)

Employees resistance to change and fear of unfamiliar practices (L1)

Unskilled labor and the low level of education of the site foreman (L2)

Barriers Related to Input Factors (Labor) Insufficient training for workers (L3)

Labor consider lean too complex (L4)

High turnover of workforce (L5)

Inadequate delivery performance and the delays in materials delivery (M1)

Barriers Related to Input Factors (Materials) Lack of long-term relationship with suppliers (M2)

Limited use of off-site construction techniques and the lack of prefabrication (M3)

Fragmented nature of the construction industry/so many parties joined the project,
especially subcontractors and suppliers (EX1)

Exogenous Barriers Limited use of design-and-build procurement (EX2)

Stringent requirements and approvals during contracting (EX3)

Lack of support from the government (EX4)

3.1. Research Design and Data Collection

This study adopted the quantitative approach by using a questionnaire to investigate
data collection. The use of descriptive design is widespread in social and business sciences,
where researchers aim to describe a state by measuring or assessing items or by investigat-
ing causes even without intervention or controlling variables [77]. As well, the quantitative
methods of data collection are popular in managerial studies, as they help researchers
obtain quantitative insights about personal perceptions and organizational policies and
practices [33,78,79]. Furthermore, many researchers have used this type of design to study
the barriers to adopting lean construction [61,63,67,69-71,80]. Additionally, this approach
was seen as useful to get quantitative comparisons and assess the significant differences
between different perspectives of the groups of stakeholders aiming at answering the two
research questions. The questionnaire comprises three parts. The first part aimed to collect
some demographic data about the participants and their companies. The second part was
to rank the barriers using 5-Likert scale statements.

The questionnaire was translated into Arabic and then it was delivered to respondents
or sent by email or LinkedIn accounts via an online survey using Google Forms.

3.2. Population and Sample

The population includes professionals working in the Jordanian construction industry,
which mainly can be classified into three groups: contractors, consultants, and owners. To
select the sample of the study, the authors chose random sampling as a recruitment method
for the sample. The use of this technique helps to obtain results that are similar (to a good
extent) to those found if taking the whole population and gives equal opportunities for all
population members to participate. While using this technique, the authors obtained lists
of engineers and contractors from The Jordanian Construction Contractors Association
(JCCA) and the Jordanian Engineers Association (JEA). Then, a random sample of the
participants was selected using random numbers generator in Microsoft Excel. Using the
sample size calculator in “Survemonkey.com; accessed date 15 May 2021”7, with an infinite
number of population, confidence level of 95%, and margin error of 5-6%, the required
sample size was between 267 and 383 participants. After contacting the list of participants,
326 questionnaires were filled and valid; 41 owners, 107 consultants, and 178 contractors.
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3.3. Validity Test
3.3.1. Content Validity

The content validity of the questionnaire was ensured by building the questionnaire
based on the barriers that were found in the past studies. Additionally, the questionnaire
was initially distributed to six professors in the field of construction management. Based on
the expert’s feedback and comments, the questionnaire was modified. One of the comments
that was shared by the experts was adding “the high rates of the worker’s absence” to
the barriers list. A barrier that is related to the local culture in the construction industry,
influences the labor availability and commitment, and causes a shortage of labor, which,
in turn, was found to be an affecting factor in Jordan on delays [39,40,81], cost [81,82],
change orders [83], and contractors performance [84]. The questionnaire was modified and
changed accordingly, and this barrier was added to the labor-related barriers.

3.3.2. Construct Validity

Construct validity of a measurement tool aims to assess the consistency of the results
obtained with the theory used to design this tool [85]. According to Sekaran and Bougie [85],
construct validity can be established by conducting factor analysis.

Factor analysis is one of the multivariate statistical techniques that aims at defining
the common dimensions for a set of variables based on analyzing the correlation between
these variables. These dimensions are known as factors [86].

Exploratory actor analysis (EFA) can be used to reduce the factors that gather a set
of variables and to categorize objects into a homogenous group [87]. Therefore, EFA was
employed to examine the inter-relations between the barriers.

According to this model, barriers were categorized into four groups, internal
environment-related barriers (17 barriers), labor-related barriers (6 barriers), materials-
related barriers (3 barriers), and exogenous barriers (4 barriers). For the simplicity and
readability of the tables, the barriers were coded as IE1 to IE17, L1 to L6 (where L6 is the
“the high rates of the worker’s absence”), M1 to M3, and EX1 to EX 4. Where IE refers to
internal environment, L refers to labor, M refers to materials, and EX refers to exogenous
(Table 1).

Prior to conducting EFA, Kaiser-Maier-Olkin (KMO) measure and Bartlett’s test of
sphericity was used to test the sample adequacy and the correlation between the vari-
ables [88]. KMO was higher than 0.5 (0.885), and the correlation matrix was not an identity
matrix (approx. Chi-square = 4755.743, p-value = 0.000). Therefore, it can be said that the
factor analysis is useful with these data, and the sample is adequate to conduct it. Using a
loading of 0.4, and Varimax rotation, the results of EFA analysis showed that the barriers
can be classified into two factors, as shown in Table 2.

EFA shows that the barriers IE13 to IE17 were gathered with the labor-related, materials-
related, and exogenous barriers, while the barriers IE1 to IE10 were gathered in the sec-
ond group.

Reconsidering the meanings of the barriers (IE13 to IE17) showed that these factors
are either related to the organizational structure (IE15) or more related to the employees
and middle management tasks (IE13, IE14, IE15, IE17). Therefore, this study adopted the
results of the EFA to cluster the barriers in two groups; the first is related to the internal
environment, namely, the contractors, the owners, and the consultants (IE1 to IE12), while
the second group includes all other groups, employees, structure, labor, materials, and
exogenous. In other words, the barriers were clustered in two groups; internal environment-
related barriers (IE), and non-internal environment-related barriers (non-IE).
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Table 2. Exploratory factor analysis-rotated factor matrix.

Barrier Factor
1 2

IE1 0.482

IE2 0.615

IE3 0.583

1E4 0.609

IE5 0.644

IE6 0.598

IE7 0.531

IE8 0.672

IE9 0.673

IE10 0.777

IE11 0.704

IE12 0.636

IE13 0.537

IE14 0.561

IE15 0.561

IE16 0.591

IE17 0.484
L1 0.508
L2 0.593
L3 0.598
L4 0.557
L5 0.574
L6 0.58
M1 0.553
M2 0.619
M3 0.646

EX1 0.505

EX2 0.602

EX3 0.674

EX4 0.619

3.4. Reliability Test

Reliability is a test of the consistency of the research tool across the time and along
its items [85]. To test the internal consistency reliability, Cronbach’s alpha was used. The
coefficient takes a value between zero and one. The value of 0.6 or more indicates the
absence of reliability concerns [86]. Table 3 shows that Cronbach'’s alpha for all contrasts of

the study is greater than 0.6, which shows that the used instrument is reliable.
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Table 3. Cronbach alpha coefficients.

Study Contrast Cronbach’s Alpha Number of Items
Internal Enylronment 0.886 17
Barriers
Labor—Related 0.792 6
Barriers
Materlal—’ Related 0.780 3
Before EFA Barriers
Barriers- Related to 0.842 9
Input Factors
Exogenous Barriers 0.808 3
All Barriers 0.916 30
Internal Enylronment 0.894 12
Barriers
After EFA Exogenous Barriers 0.906 18
All Barriers 0.916 30

3.5. Data Analysis

The data analysis was performed using the statistical package for the social science
(SPSS) version 23.0. In addition to the percentages and frequencies of the respondents and
the companies, means and standard deviations were calculated to describe the perceptions
of the respondents regarding the barriers to adopting lean construction in Jordan. In
addition, analysis of variance (one-way ANOVA) was employed to test the differences in
barriers evaluation between the different groups of stakeholders.

4. Results
4.1. The Demographic Profile

Table 4 shows the demographic profile. The table shows that the respondents are from
different groups in term of their experiences. It also shows that most of the respondents
have a bachelor degree (75.8%), and around half the respondents were the real imple-
menters on-site, as they were contractors (54.6%). As shown in the table, more than 50%
of respondents were from the contracting companies. In addition, the table shows that
the respondents occupy different positions, and around half of them, were working in
residential projects.

4.2. Descriptive Analysis of the Barriers

Table 5 shows that the contractors have positive attitudes toward all the barriers’
questions, as the means were greater than three. In addition, it shows that the contractors
accepted “the lack of involvement and transparency among stakeholders (IE4)” (4.02),
“insufficient training for workers (L3)” (3.94), “lack of support and commitment from top
management (IE3)” (3.84), “inadequate administration of the necessary information to
generate a learning cycle and take corrective actions (IE14)” (3.82), and “lack of adequate
lean awareness and understanding (IE5)” (3.82) as the most significant barriers.
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Table 4. The demographic profile.
Frequencies Percentages (%)
less than 5 years 127 39.0
5-10 years 75 23.0
Years of experience 10-15 years 56 172
more than 15 years 68 20.9
bachelor 247 75.8
Education level master 72 221
PhD 2 0.6
other 5 1.5
Contractor 178 54.6
Company type consultant 107 32.8
owner 41 12.6
company manager 35 10.7
project manager 60 18.4
Position construction manager 27 8.3
site engineer 83 255
office engineer 96 29.4
other 25 7.7
residential 159 48.8
Types of projects the infrastructure 42 12.9
respondents are industrial 47 144
working on public 41 12,6
others 37 11.3

The table also shows that the consultants have positive attitudes toward all the bar-
riers’ questions, as the means were greater than three. In addition, it shows that, from
the consultants’ points of views, the most significant barriers are “lack of support and
commitment from top management (IE3)” (4.05), “insufficient training for workers (L3)”
(3.99), “lack of adequate lean awareness and understanding (IE5)” (3.99), “lack of long-term
philosophy and planning (IE10)” (3.95), and “inadequate administration of the necessary
information to generate a learning cycle and take corrective actions (IE14)” (3.91).

The table also shows that owners have positive attitudes toward all the barrier’s
questions, as the means are greater than three. In addition, it shows the owners accepted
the “lack of support and commitment from top management (IE3)” (4.12), the “lack of
adequate lean awareness and understanding (IE5)” (4.12), “inadequate administration of
the necessary information to generate a learning cycle and take corrective actions (IE14)”
(4.10), “insufficient training for workers (L3)” (4.02), and the “lack of incentives and
motivation and poor professional wages (IE13)” (4.00) as the most significant barriers.
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Table 5. Descriptive analysis.
Barrier Overall Average (C:;vt?ﬁgrs) (c(ﬁ:;eurﬁgzts) (é‘ii’ffﬁﬁy F Sig
Internal environment-related barriers
IE1 3.54 343 3.64 3.73 2.174 0.115
1E2 3.71 3.56 3.87 3.95 3.512 0.031
IE3 3.94 3.84 4.05 4.12 2.052 0.130
IE4 3.97 4.02 3.90 3.93 0.544 0.581
1IE5 3.91 3.82 3.99 412 1.724 0.180
IE6 3.49 3.46 3.50 3.59 0.320 0.726
IE7 3.64 3.56 3.74 3.73 1471 0.231
1E8 3.75 3.63 3.88 3.93 2414 0.091
IE9 3.67 3.62 3.66 3.93 1.526 0.219
IE10 3.81 3.69 3.95 3.95 2.300 0.102
1IE11 3.67 3.61 3.74 3.73 0.619 0.539
1IE12 3.66 3.65 3.64 3.73 0.115 0.892
Non-Internal environment-related barriers

1IE13 3.73 3.67 3.71 4.00 1.450 0.236
1IE14 3.88 3.82 391 4.10 1.046 0.353
IE15 3.32 3.31 3.33 3.34 0.017 0.983
1IE16 3.76 3.72 3.78 3.85 0.250 0.779
1IE17 3.40 3.34 3.42 3.63 1.137 0.322
L1 3.53 3.49 3.57 3.59 0.200 0.819
L2 3.63 3.67 3.57 3.63 0.235 0.791
L3 3.97 3.94 3.99 4.02 0.153 0.858
L4 3.33 3.33 3.23 3.56 1.424 0.242
L5 3.33 3.31 3.36 3.34 0.049 0.952
L6 3.21 3.22 3.21 3.12 0.143 0.866
M1 3.38 3.29 3.44 3.61 1.585 0.207
M2 3.61 3.50 3.77 3.71 2.447 0.088
M3 3.55 341 3.71 3.73 3.509 0.031
EX1 3.47 3.36 3.64 3.54 2.144 0.119
EX2 3.76 3.70 3.81 3.88 0.658 0.519
EX3 3.54 3.47 3.62 3.61 0.751 0.473
EX4 3.54 3.51 3.47 3.83 1.483 229

4.3. Differences in the Evaluation of the Barriers

To test the differences in barriers’ evaluation among the three different groups of
stakeholders, ANOVA was employed. Table 5 shows the results of ANOVA tests. The table
shows that P-value is larger than o = 0.05 for all barriers except for two barriers, one is
related to the internal environment, which is “the management resistance to change (IE2)”
(0.031), and the other is not related to the material, which is “the limited use of off-site
construction techniques and the lack of prefabrication (M3)” (0.031). Therefore, it can be
said that the contractors, the consultants, and the owners had the same understanding of
the significance of hindrance for most barriers.
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To understand the difference between the three groups regarding the two barriers, post
hoc analysis was conducted. Different analyses were conducted, namely, Tukey, Bonferroni,
Scheffe, Fisher’s least significant difference (LSD), the differences were found negligible
in most of these analyses, except LSD. While applying LSD, the more comparisons are
made, the higher cumulative error is expected, except for the case of having only three
treatment groups [89]. As the comparison, in this case, is between three groups, the error
of LSD was tolerable. Table 6 shows the results of the post hoc analysis using LSD for the
two barriers. The table shows that the contractors have different perceptions regarding the
two barriers from the perceptions of the owners and the consultants, as the means of their
answers to these barriers statistically differ (less than) from the means of the answers of
the consultants and contractors.

Table 6. Post hoc analysis.

Std.

Dependent Variable (I) Company (J) Company Mean Difference (I-]) Error Sig.
consultant —0.3130 * 0.1408 0.027
contractor
owner —0.3950 * 0.1994 0.048
. contractor 0.3130 * 0.1408 0.027
Management resistance consultant
to Change owner —0.0821 0.2114 0.698
contractor 0.3950 * 0.1994 0.048
owner
consultant 0.0821 0.2114 0.698
consultant —0.3002 * 0.1272 0.019
contractor
owner —0.3216 * 0.1601 0.045
L . contractor 0.3002 * 0.1272 0.019
Limited use of offsite consultant
construction techniques owner —0.0214 0.1910 0.911
contractor 0.3216 * 0.1601 0.045
owner
consultant 0.0214 0.1910 0.911

* Significant at the 0.05 level.

5. Discussion

To identify the most severe problems facing the adoption of lean construction princi-
ples in construction, 30 barriers were used based on a SLR in the questionnaire. Respon-
dents from the three main groups in the construction sector in Jordan; the contractors, the
consultants, and the owners participated in this study and filled 326 questionnaires. The
barriers were categorized into three categories; internal environment-related barriers, input
factors-related barriers (labors and materials), and exogenous barriers. Nevertheless, after
conducting the exploratory factor analysis, the barriers were categorized into two groups;
internal environment-related barriers, and non-internal environment-related barriers. The
latter included the barriers that were related to labors, materials, exogenous barriers, and
the barriers that were related more to mid-management and organization structure.

The respondents agree with all barriers, as the means for all the barriers were higher
than three on a five Likert-scale.

The results showed that the three groups have similar perceptions regarding the
significance of the hindrances. Both owners and consultants ranked the “lack of support
and commitment from top management” as the most significant barrier affecting lean
adoption in the Jordanian construction industry. This barrier was ranked as third by the
contractors. This barrier was found in numerous studies, either as a significant barrier or
as a significant enabler to adopting lean as the role of top management is very significant
to support change by involving in work and allocating enough resources and time to
implementing lean [21-23,55,58-60,62-64,67,69,70,76,90-96]. This can also be explained by
much dependence on top-down management where the change is not that easy if it came
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from the low and middle levels. In addition, a large number of construction organizations
in Jordan, if not governmental, are family-run, where the owner is the manager and the
decision maker [37], and in many cases, this manager lacks the experience in business
administration [97].

Another critical factor was the “insufficient training for workers”. Both contractors
and consultants ranked this barrier as the second barrier, while the owner ranked it as the
fourth. This barrier was found in many studies, as training workers is very significant to
support adoption of the new culture and encouraging employees’ involvement [21,22,61—
64,69,75,80,95,98-104]. In Jordan, the lack of having trained and skilled workers was a
significant factor affecting many issues like delays [39], and contractors’ performance [84].
However, despite the very important role workers’ training plays in improving construction
companies’ performance [105], the high dependence on the workers, and the high need of
their skills, the appreciation of their role is not sufficient. Most companies do not provide
training for them as found by Sweis, et al. [31] and Albalkhy and Sweis [33], and this is
not only related to lean, for instance, Alkilani, et al. [37] asserted that in case of safety,
construction companies in Jordan consider worker training as a waste of resources.

Another significant factor that inhibits lean adoption in Jordan is “the lack of adequate
awareness and knowledge about lean”. It was the second barrier according to the owners,
the third according to the consultant, and the fifth according to the contractors. The
lack of lean training centers and the lack of formal education about lean construction in
Jordan led to increasing this problem. However, this issue is not only found in Jordan,
but also was found in most studies about lean construction obstacles [28,48,55,57,63,64,69—
71,76,96,101,106-109].

“Inadequate administration of the necessary information to generate a learning cycle
and take corrective actions” was ranked as the third by the owners, the fourth by the
contractors, and the fifth by the consultants. This barrier was mainly related to the issue
of generating a large quantity of information during construction, but without having the
effective management of this information, or without generating learning lessons for the
future projects [21,61,65,110,111]. The significance of this barrier can be explained by the
lack of the culture of the continuous improvement in the Jordanian construction industry
as discussed in the studies of Sweis, et al. [31] and Albalkhy and Sweis [33] who found low
levels of the continuous improvement culture among the Jordanian construction contrac-
tors, and Sweis, et al. [112] who found similar results among the Jordanian construction
consultants who are certified with ISO-9001.

“The lack of involvement and transparency from stakeholders” received the highest
ranking by the contractors, the sixth by the consultants, and the eighth by the owners.
This barrier was found in several studies [3,18,21-23,57-64]. Even though more analysis
showed insignificant differences between the three groups in their perceptions toward this
barrier, the high ranking of it among the contractors particularly can be explained by the
sequential and separated type of works, due to the traditional contractual relationships.
The contractors are usually left on the site without much support from other parties, the
owners in many cases lack the site work experience, and the consultants prefer to turn their
attention toward new projects once the design phase is completed. The contractors then
are supposed to deal with many change orders by the owner and uncompleted design by
the consultants. In addition, the type of relationships between the three parties is full of
conflict, according to Sweis, et al. [39], contractors in Jordan, in most cases, believe that the
late payments from the owners are the reason behind their financial difficulties. Similarly,
Abbasi, et al. [97] found that the Jordanian contractors from the first and the second grade
believe that the lack of real supervision from consultants on site is among the most critical
factors that affect their work, and the second-grade contractors particularly suffer from
the lack of support from the owners. On the other hand, the owners and the consultants
believed that the lack of proper planning and scheduling by the contractors is the reason
behind the delays in projects [39], the poor contractors’ performance [84], and the poor
labor productivity [113], and the failure of construction projects in Jordan [114].
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The analysis also showed the following barriers as significant: “lack of a long-term philos-

v

ophy and planning”, “management resistance to change”, “lack of incentives and motivation
and poor professional wages”, “limited use of design-and-build procurement”, and “inaccurate
and incomplete designs, and lack of applying the concept of design constructability”.

The lowest rankings were given to the following barriers “high rates of workers
absence”, “hierarchies in organizational structures/unsuitable organizational structure”,
“labor consider lean too complex”, and “high turnover of workforce”.

The differences between perceptions of the three groups regarding all barriers were
insignificant, except for two barriers; “the management resistance to change”, and “the lim-
ited use of offsite construction techniques and the lack of prefabrication”. The contractors
had less ranking for the two barriers. Further investigation showed that the lowest rankings
for the first barrier were from the contractors who are working on public projects and
belong to the fourth, fifth, or sixth grade. While for the second barrier, the same group and
the contractors from the residential projects and the third grade gave the lowest ranking.

6. Conclusions

As lean construction is evolving and showing effectiveness in several places around
the globe, it is necessary to study the challenges its adoption faces, especially in the
countries where this philosophy is not well-known or formally practiced. This study uses
Jordan as a case to study the most affecting barriers using the perceptions of different
stakeholders in the industry; the contractors, the owners, and the consultants.

The results showed that those groups have similar perceptions about the problems fac-
ing lean adoption in Jordan. The most significant barriers to adopting lean were “the lack of

VA7

support from top management”, “insufficient training for workers”, “lack of adequate lean
awareness and understanding”, “inadequate administration of the necessary information
to generate a learning cycle and take corrective actions”, and “the lack of involvement and
transparency among stakeholders”.

Other vital barriers were “lack of a long-term philosophy and planning”, “manage-

/i

ment resistance to change”, “lack of incentives and motivation and poor professional
wages”, “limited use of design-and-build procurement”, and “inaccurate and incomplete
designs, and lack of applying the concept of design constructability”.

Therefore, to improve the adoption of lean construction in Jordan, some of the strate-
gies can be suggested: Firstly, management of the construction companies should take the
lead in the change and adopt new methods that can help to increase the efficiency and im-
prove the performance of industry. Secondly, government and universities, in cooperation
with associations, should support the knowledge about lean construction in Jordan. For
this purpose, new formal education programs and workshops in the universities can be
established, new training centers or programs can be initiated, and more reports can be
published to raise the awareness of lean. Thirdly, managements should support the in-
volvement and the innovation of the employees from different levels by providing training
programs, motivating and empowering them, and supporting their feedback. Fourthly,
implementing lean construction, even on small scales, to increase the recognition of its
benefits and challenges. By sharing the results of these experiences, more companies can
feel the extent to which they fit the lean principles. Fifthly, support for building trust and
enhancing the communication between all stakeholders in the projects. Early involvement
of contractors, partnering, and concurrent engineering can help to support this point.
Finally, more dependence on new procurements and contracts types rather than sticking
to use design-bid-build would help to support the cooperation and mitigate the conflicts
between the stakeholders.

The results in this study show that despite the differences in the objectives, roles, and
nature of works between the contractors, consultants, and owner, the three groups have
similar or close ideas about the barriers facing this LC. Accordingly, although the results
are related to this case and to Jordan; however, they show possibilities of having united
ground between the three groups regarding their perceptions and understanding of LC.
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This might be a positive indicator about the possibilities of creating connections between
these groups and more future collaboration. Nevertheless, this hypothesis needs more
investigation to be accepted or rejected.

This study is not free of limitation. The first limitation is that this study considered the
adoption of lean construction in general. The current study did not investigate the barriers
that face specific lean tool or technique (e.g., Last Planner System). Accordingly, future
studies are needed to study the implementation and the barriers that face one specific
tool or more. The second limitation is the use of survey; even though the use of survey is
very common while studying the factors affecting a specific phenomenon or subject, it is
recommended to conduct future studies that employ interviews where participants can
thoroughly express the root causes for the problems, or case studies where it is possible to
study the real implementation and the barriers facing it. Furthermore, EFA was used to
validate the barriers. Hence, it is recommended to apply the model of this study on other
samples to validate the model using confirmatory factor analysis. Finally, to improve the
awareness and overall understanding of lean, further studies can be conducted to define
tools and the challenges facing lean education in Jordan and other countries.

The findings of the current investigation might be helpful to improve the ways of
managing construction projects not only in Jordan but also in other countries that might
share some similarities with Jordan. Companies can also adopt the used tool to measure
their readiness to adopt lean construction, to get insights about the factors that are needed
while implementing lean construction, or to study the barriers that face the implementation
process of lean construction. Accordingly, these companies can develop strategies that can
improve the adoption and implementation of this philosophy.
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