
sustainability

Article

Improving the Efficiency of Highway Construction
Project Management Using Lean Management

Xueying Wu 1,*, Wenyi Zhao 2, Tianshan Ma 1 and Ziyu Yang 3

1 School of Economics and Management, Chang’An University, Middle Section of South Second Ring Road,
Xi’an 710064, China

2 School of Literature, Art and Communication, Chang’An University, Middle Section of South Second Ring
Road, Xi’an 710064, China

3 Department of Railway Engineering Shaanxi Railway Institute, Middle Section of Zhanbei Road,
Weinan 714000, China

* Correspondence: 2016023003@chd.edu.cn

Received: 29 May 2019; Accepted: 27 June 2019; Published: 2 July 2019
����������
�������

Abstract: The construction industry is often ranked top in producing the largest amount of waste
during a project, be it the waste of material resources or the waste of manpower. This has elevated
the need for an improved and more structured management technique. This study will look into the
principles and practices of lean management pertinent to highway construction projects to analyze
whether lean management practices can improve the management efficiency for complex projects.
This study adopted a quantitative approach, and a linear regression model has been used to investigate
correlations between the lean test factors and the efficiency-dependent variables. It was found that
lean management tools that are used repeatedly and the ones that require a high level of detailing are
positively associated with efficiency improvement in highway construction projects. In particular,
LPS, JIT, and VM were found to be more commonly used in highway construction projects. The
research results will aid in the initial decision-making process of the project managers, as they will be
able to map different lean tools with their benefits and limitations and then select the one that best
suits the project needs and deliverables. Future studies can adopt the interpretivism paradigm to
explore new theories and concepts related to highway construction management.
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1. Introduction

1.1. Background of the Research

Construction projects cannot be completely isolated from cost and time issues, often jeopardizing
the completion of projects [1]. Infrastructure projects have complicated and multi-layered supply
chains, which results in many tasks and procedures to be shadowed in the planning and implementation
phase [2]. This then results in unaccounted delays, budget overrun, and uncoordinated work [2–4].
More than 76.3% of the construction projects face the problem of going beyond the initial estimated
cost [5]. When the cost pressure builds, stakeholders often get suspicious about the progress and Return
on Investment (ROI) of projects, resulting in further delays, unpaid due, and a growing likelihood of
shutting down the entire construction plan. With highway projects, the government cannot simply
terminate the project, and have to keep spending government funds and resources to bring the project
to an end [6]. It states that a highway project in itself can be considered a complex management project,
involving long-distance and distributed logistics plans and strict time deadlines [4]. With a delay of
every single day, the overall cost of resources, manpower, and utilities increases dramatically.
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The conventional management technique of total quality management often fails to produce
satisfactory results in the presence of a multi-tiered third-party system [7]. For this reason, the
“Lean Management” approach has been proposed as a more suitable approach in projects involving
construction work and infrastructure design [8,9]. The basic principle of lean management is to reduce
the waste of resources by asking whether the task in hand or process adds any value to the project.
Supply chain related tasks and procedures are viewed from a project-centric perspective rather than a
general or standardized perspective, making it easier for project managers to focus on the particular
project deliverables and unique customer requirements [8,10]. With this being established, the study
will try to analyze how lean management can help improve the management efficiency of highway
construction projects.

1.2. Why Lean in Construction

With a number of management techniques available for construction projects, it is important
to ask why lean management techniques are preferable to other techniques. Jamil and Fathi argue
that in terms of construction projects, the goal is more on sustainable construction rather than
complying with economic standards [11]. Recent development in the field of lean management has
proved that lean construction and sustainable construction are interdependent [12]. When a project
follows all lean principles for quality efficiency and reduction of wastes, the overall sustainability
of the construction project improves considerably. Moreover, it would be incorrect to assume that
construction projects are completely different from manufacturing and other projects with time and
resource constraints. Thus, lean principles for time and resource efficiency are equally, if not more,
valid for the construction projects.

The present research uses the term ‘efficiency’, which combines time, budget, and resource
efficiencies, all of which are targeted in the lean process. The concept of innovative thinking has been
termed as ‘lean thinking’ in the manufacturing and construction projects, which directs the continuous
improvement process for a specific project. So, rather than producing a general template for all projects,
the use of lean principles can help identify techniques that are suited for a particular project, based on
its goals and constraints. Based on the lean way of governance, the aim of the study is also to focus
primarily on highway construction projects and present management solutions based on the needs,
challenges, and constraints in the highway projects.

1.3. Problem Statement

There have been abundant claims of construction project management being inefficient with a
high probability of surpassing the estimated project time and budget [6,13]. This inefficiency can be
associated with the nature of the construction industry having fragmented supply chains, sensitiveness
to political and economic conditions, complex critical path, and lack of clarity between different
stakeholders and third-parties [14–18]. All these incongruities intricate the domain of construction the
project management. With highway projects, some of these issues are even magnified as the margin of
error is almost zero and the road will be put to test with a complete load force right after it has been
finished [19,20]. Thus, managing such projects demands a more vigilant and need-based strategy to
ensure that focus has been put on the right places of the construction work.

1.4. Research Objectives

The proposed study will try achieving the following objectives:

(i) To shed light on the key principles of lean management pertinent to highway construction projects.
(ii) To analyze the major challenges damping the efficiency of road construction projects.
(iii) To present lean tools for improving project management efficiency in the highway

construction projects.
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(iv) To investigate if there are trade-offs and limitations when implementing lean management tools
for complex highway projects.

2. Literature Review

2.1. Concepts of Lean Management in Construction

The problems of waste and redundancy of processes have been duly noted in the literature. The
lean management concept identifies waste as any kind of process or resource which is redundant or
adds in cost or time overheads [12,21]. The lean approach identifies seven kinds of waste include all
forms of overproduction, overprocessing, delay, excess inventory and motions, failure, and defects [22].
So, when talking about waste management in construction projects, the lean approach does not label
waste as material waste alone, but any waste of time, resources, and motion.

The studies try to accumulate the major principles of lean management and how they can be
implemented for construction projects [8]. The lean approach sees the construction project as a
production process, involving different units that contribute in the production. So, unlike other
approaches, the lean approach advocates the idea of multi-functional and multi-layered teams,
with visual communication [8]. It explains that visual communication means that contractors and
sub-contractors not only know each other but are in regular communication and collaboration with the
other [23]. To maintain functionality, the focus is shifted from micro-level management to macro-level
management. Shewchuk and Guo add the lean attribute of continuous improvement [24]. When a
delay occurs, the lean management not only tries to resolve the direct issue but works on the indirect
associations as well and taking periodic feedback to analyze if the same problem occurred twice [24].

It conducted a systematic review of 102 papers pertinent to lean management in the construction
sector [25]. The review identified the Last Planner System (LPS) and Just-in-Time (JIT) as the two most
commonly used lean tools in the construction sector [25]. Standardization and detailed briefing were
some of the least used strategies in lean management. LPS is a five-stage planning model (as shown in
Figure 1), which moves from the milestone planning at the top-layer to daily reports and PPC (i.e.,
the periodic report) at the bottom-layer. The JIT approach is primarily based on waste-reduction and
improving the response time [7]. While, the traditional approach is based on a cost-push strategy, the
JIT approach is based on the demand-pull approach, where the intermediate stages are governed and
timed as per the market need and demand.

Sustainability 2019, 11, 3646 3 of 27 

(iv) To investigate if there are trade-offs and limitations when implementing lean management 

tools for complex highway projects. 

2. Literature Review 

2.1. Concepts of Lean Management in Construction 

The problems of waste and redundancy of processes have been duly noted in the literature. The 

lean management concept identifies waste as any kind of process or resource which is redundant or 

adds in cost or time overheads [12,21]. The lean approach identifies seven kinds of waste include all 

forms of overproduction, overprocessing, delay, excess inventory and motions, failure, and defects 

[22]. So, when talking about waste management in construction projects, the lean approach does not 

label waste as material waste alone, but any waste of time, resources, and motion. 

The studies try to accumulate the major principles of lean management and how they can be 

implemented for construction projects [8]. The lean approach sees the construction project as a 

production process, involving different units that contribute in the production. So, unlike other 

approaches, the lean approach advocates the idea of multi-functional and multi-layered teams, with 

visual communication [8]. It explains that visual communication means that contractors and sub-

contractors not only know each other but are in regular communication and collaboration with the 

other [23]. To maintain functionality, the focus is shifted from micro-level management to macro-

level management. Shewchuk and Guo add the lean attribute of continuous improvement [24]. When 

a delay occurs, the lean management not only tries to resolve the direct issue but works on the indirect 

associations as well and taking periodic feedback to analyze if the same problem occurred twice [24]. 

It conducted a systematic review of 102 papers pertinent to lean management in the construction 

sector [25]. The review identified the Last Planner System (LPS) and Just-in-Time (JIT) as the two 

most commonly used lean tools in the construction sector [25]. Standardization and detailed briefing 

were some of the least used strategies in lean management. LPS is a five-stage planning model (as 

shown in Figure 1), which moves from the milestone planning at the top-layer to daily reports and 

PPC (i.e., the periodic report) at the bottom-layer. The JIT approach is primarily based on waste-

reduction and improving the response time [7]. While, the traditional approach is based on a cost-

push strategy, the JIT approach is based on the demand-pull approach, where the intermediate stages 

are governed and timed as per the market need and demand. 

  

Figure 1. Last Planner System (LPS) [26]. 

However, Tezel, et al. criticize the use of LPS systems stating that its implementation is often 

isolated from market requirements and supply chain drivers [6]. Though LPS makes the overall 

Figure 1. Last Planner System (LPS) [26].

However, Tezel, et al. criticize the use of LPS systems stating that its implementation is often
isolated from market requirements and supply chain drivers [6]. Though LPS makes the overall



Sustainability 2019, 11, 3646 4 of 27

logistics process more transparent and robust, it is important to understand the supply chain cycles
and complex transportation network to better design a work planner system [26].

Another concept in lean management is the discretion of the entire process into smaller chunks
of events or completion points, making it easier to analyze the actual problem. The Discrete Event
Simulation (DES) tool is one of the popular tools, which is used to represent the system or project
in a chronological sequence of events [27]. Each task, such as water channel/pipeline mapping, is
treated as an event with a start point, an end point, and specific variables and parameters related to it.
Stroboscope modelling can be used to present a symbolic representation of the process, including the
flow of resources, logical flow of information, and decision-making feedback [28]. The problem with
large-scale projects is that the system layout becomes very complicated and it is hard to manage the
quality of all tasks. Thus, continuous quality improvement could only be achieved if focus is been put
to each event in the system, ensuring a detailed level layout plan.

2.2. Lean Management Tools and Delay Minimization in Construction Projects

About 57% of productive time delays can be found in the construction industry and many of
these delays are attributed to the inadequacies of the current projects management tools [29]. The
construction industry is facing new challenges, and therefore, advanced and more efficient tools will
be needed to counter those challenges [30]. Issa used the Percent Expected Time-overrun (PET) tool
to estimate the time over-run and how much work has been done in correspondence to the time
consumed, as measured by Percent Plan Completed (PPC) tool [31]. Quantifying PET and PPC gives
a good idea to project managers of the present scenario and how much more time will be needed
for the following tasks. Other researches have also seconded the argument of using lean tools to
improve the overall project speed and reduce delays [32,33]. Similar arguments were presented in other
studies using lean tools of Visual Management (VM) and Process Improvement Cycle (PIC) [34,35].
Visualization is use to facilitate the lean process by transforming numbers and concepts into visual
representations, such as graphs and flowcharts. For example, the use of scatter-plot is preferred over
numerical representations when dealing with 2D and 3D variable problems [36]. Stroboscope is also
a type of visualization tool, which transforms the entire system process and information flow in the
form of a symbolic process-flow diagram. The PIC tool is based on the Plan-Do-Check-Act (PDCA)
approach, in which goals and performance matrices are set for each phase and the aim is to keep on
perfecting the process with higher performance matric after each run.

Issa also provided a validation risk-time model, estimating the likelihood of risks and their impact
on the time index [31]. Risks include all activities that could result in a time delay, for example,
change in material prices leading to budget re-estimation, inexperienced contractors leading to briefing
delays and redoes, and design errors [37]. When planning the construction project, all these risks are
estimated in terms of their probability of occurrence and then mapped against the project timeline,
as to how much of this will extend the estimated timeline [38]. Using these tools, project managers
would be able to identify potential sources of delays and then estimate the overall project time and
resources accordingly.

2.3. Lean Management in Post-Disaster Reconstruction

One of the attributes that makes road construction projects different and more challenging from
the other projects is their susceptibility to natural disasters and other calamities. In the aftermath
of such an event is the need to re-plan the post-disaster construction and rehabilitation process [39].
When a road is destroyed, authorities not only need to reconstruct the road, but also to relocate people
into shelter homes, provide emergency relief, take measures to save the government’s and public
assets, and make strategies for withstanding future calamities. It is obvious that without a structured
plan and governance, it would be nearly impossible to manage all these activities efficiently.

It introduced an integrated approach to natural disaster risk management, which has been
followed by a number of studies involving post-disaster reconstruction [40]. Using the integrated
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framework, Mojtahedi and Oo note that during the post-disaster reconstruction phase, greater degree
of communication and collaboration is required with the legislation, communities, NGO’s, and other
pertinent sectors to provide the maximum relief with the limited resources and time [39]. ‘Simplean’
is one of the popular lean tools that enhances the information flow between different contractors
and sub-contractors. Rather than simple emailing and note-keeping, Simplean should be used, as it
automatically schedules tasks based on their urgency and highlights pending tasks and the person
responsible [41]. In this way, communication and information flow between different stakeholders
become simpler.

Mojtahedi and Oo noted the two lean strategies of Disaster Risk Reduction (DRR) and (ii) Disaster
Management (DM) [42]. DRR includes mitigation activities and a plan for reconstruction, while DM
includes preparedness, response, and recovery activities. The lean concept dictates the best or fastest
approach to recovery, with adding parameters of how people needs to be prepared for the disaster and
what process shall be taken in transitioning from the disaster phase to the reconstruction phase.

2.4. Quality Management Challenges in Road Construction Projects

When it comes to road construction, the management has to deal with extra challenges in terms
of maintainability, transportation of resources, and sufficient legal permissions [43,44]. When a road
needs to be constructed, particularly a highway, the project manager not only needs the design
engineers on-board, but the road authorities, who have the final call on material, budget, and how
the maintenance process will follow. The report noted that the authorities often have a fixed budget
in mind, which may not justify the design plan [45]. With the conventional management techniques,
project managers try to compensate for the design quality, rather than addressing logistics and other
areas, where the operational cost can be reduced.

It provided a flow graph explaining the problem of regulation without maintainability
consideration, as depicted in Figure 2 [46]. Roads, though, are construction projects, have a very
different outlook and design flow as several other construction projects [47]. Several times roads need
to be rebuilt due to climatic and other calamities, and these considerations should be taken into account
when finalizing the design flow and requirements [48–51]. This, however, can risk in putting more
money during the maintenance phase of the project.
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As seen from the Figure 2, if long-term maintenance and reconstruction are not taken into
account, then the overall sustainability of roads is compromised. Managers will favor a design plan,
which is within the budget, takes less time, involves lower transportation cost, and with a simpler
logistics network.

2.5. Research Gap

By reviewing the literature review, it has been observed that the majority of the researches either
provide a theoretical explanation of lean principles or present a one-sides overview of the use of the
lean tools. The problem statement clearly identifies the inconsistencies and failures in applying lean
tools and overall management principles, in general, when dealing with construction projects [19,52].
Thus, there is a need to of a more critical and two-sided discussion of lean implementation and lean
tool selection, informing decision-makers about what needs a lean tool fulfils and what challenges it
introduces to the overall construction project management.

3. Methodology

3.1. Research Approach

For the current study, a quantitative research approach has been applied. The aim of the study
approach is to analyze a correlation, if there exists any, between lean factors and project efficiency
improvement. As a statistical correlation needs to be established, a quantitative method of data
collection and evaluation is the most suited for building this correlation [53]. Quantitative data is
driven by statistical results, where data can be compared and analyzed using statistical procedures and
algorithms [54,55]. As the method is deductive in nature, we move from a more general perspective
to a more narrowed and specific one. Test variables need to be established, onto which the data is
measured for correlation. For the present study, both test variables and control variables are set up,
which are then tested using a statistical model [56].

3.2. Data Collection

For the primary data collection, two different mediums were used; the online medium and the
offline or personal handover medium. The initial survey was designed on a Word format, which was
then distributed among the employees of five construction firms in a hardcopy format. Four of the
five construction firms consist of 30–50 employees, while one consists of less than 20 employees. The
questionnaire was emailed and provided in hardcopy to the HR manager/staff of the selected firms
and were asked to distribute it to their employees.

Apart from this, the questionnaire was also designed using the free online platform of ‘Survey
Monkey’. The survey link was then distributed through emails and LinkedIn. LinkedIn served as the
primary search engine to find out relevant participants for the study, who are currently or in the past
have served in the construction sector.

3.3. Sample Size

A total of 165 hardcopy questionnaire were distributed in the firms out of which 124 (75.2%) were
completed and returned. Another 28 filled questionnaire were collected online. Since a purposive
sampling method was used, a large quantity of questionnaire samples could not be collected [57,58]. In
the initial stage, a total of 152 filled questionnaire were collected; however, only 120 were selected after
filtering for incompleteness, random answers, and other inconsistency issues with the sample [59,60].
The demographic information for a number of participants could not be received. However, from
the collected information, 19 workers, 12 were construction expeditors, 7 finance officers, 4 team
supervisors, and 2 project managers.
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3.4. Questionnaire Design

The designed questionnaire comprises of four parts (refer to Appendix A). In the first part,
participants were asked to respond on the common and most critical challenges involved in highway
construction projects. The next part asked the participants to select one of the lean management tools,
selected from the literature review [31]. The idea was to better guide the correlation with a particular
lean tool rather than taking a very general approach. The third part inquired about the characteristics
(test factors) of the chosen lean tool; while the last part inquired about efficiency improvement. A
Likert-scale was used to add to the overall generalizability of the data results [61].

3.5. Ethical Consideration

The ethical guidelines of American Educational Research Association were used to ensure that the
primary research does not violate any human rights or ethics [62]. Complying with the framework of
‘Informed Consent’, all participants were prior informed about the nature and aim of the stud and they
were asked for their voluntary participation. Moreover, confidentiality of participant was maintained
by not collecting any personal data of name, email addresses, or phone number of the participant.
Though email addresses and social media accounts of individuals were used to reach participants,
the responses could not be in any way associated with the participants. Moreover, all participants
were informed that they are free to refuse their participation or withdraw from the survey at any point,
without need for explanation.

3.6. Validity and Reliability

The validity of the questionnaire can be checked by the constructs of criterion validity and
coherency [63]. These constructs assess whether the questionnaire predicts what it is supposed to
predict and are the results coherent with the study objectives. The designed questionnaire includes
questions on problems with highway construction projects and then links it with the lean tool to see if
there exists any correlation between the two.

For reliability, it is important to produce stable and consistent results [64]. Choosing a random
sample could have compromised the reliability of the study results. For this reason, a purposive
sampling technique was used, including only the ones who already have some experience working
with one or more of the lean tools. Another strategy to produce more stable results is by using a
Likert-scale rather than a yes/no template, as the Likert-scale allows a greater degree of freedom, and
thus, reduces the chances of high variations [61]. The internal consistency check for the questionnaire
was done through the Cronbach’s coefficient alpha test, which resulted in an internal consistency of
0.65, which means that the results explains 65% of the overall variance in the data (Table 1). Normally,
the reliability in an acceptable range when Cronbach’s alpha between 0.5 and 0.7.

Table 1. Cronbach’s coefficient alpha test.

Cronbach Coefficient Alpha

Variables Alpha
Raw 0.61

Standardized 0.65

This was calculated using the four variables of first-choice of selection (consistency = 0.67),
everyone understands the chosen tool (0.29), special training required (0.07), and project-detailing
(0.68). The overall internal consistency could be improved by removing the variable special training,
as it contributes the highest standard deviation in the overall results. Complete results are presented in
Appendix B.
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3.7. Data Analysis

The data analysis has been carried out using the software tool of SAS, which guided the procedures
of data coding, frequency generation, and model development [65]. First, a dataset was developed
from the questionnaire responses and it was fed into the SAS database. The functions of mean,
cross-tabulation, and linear regression analysis (LRA) were used for the present study. As the
data generated from the first question of the questionnaire could not be correlated, the method
of descriptive frequencies was used to understand the data-challenges involved in the highway
construction projects [65].

The reason for using LRA method was used to test correlations between the study test variables
and the dependent variables [66]. The test variables comprise of lean management tool characteristics;
(i) first choice of selection, (ii) genera understanding among the team, (iii) special training requirement,
and (iv) high-level of project detailing. The regression model produces a linear model, with probability
estimate, giving an idea about the strength or accuracy of the linear estimation. On the other hand,
the efficiency variables of project management form as the dependent variable of the current study.
For the present study, independency between the test variables was assumed, and therefore, a linear
regression was preferred over the multiple regression method.

The Analysis Of Variance (ANOVA) test was also used to analyze the difference in variance in test
groups. With multiple lean tools to compare and correlate, ANOVA test gives an idea of whether there
is a significant difference in the mean and variance of the different groups or test factors or all groups
have a similar effect on the dependent variable [54].

4. Results

4.1. Challenges in Highway Construction Projects

In order to get a better understanding of the need for lean management practices in highway
construction projects management, the researcher asked participants about the common challenges
they face when dealing with highway construction projects. The mean of the responses is presented in
Table 2. It can be seen that traffic management and high-level training required scored the highest mean
values of 4.01 and 4.05 respectively. The construction projects have a complex critical path, resulting in
many tasks either wrongly classified or ignored in the formation of the critical path [16]. Though, the
mean of 2.95 for crucial path tilts towards the higher end, it is still the lowest of all obtained mean
values. Communication barrier with the mean of 3.82 ranks third in critical challenges in managing
highway construction projects.

Table 2. Mean values for highway construction project challenges.

Variable N Mean Std Dev

High-level training required 120 4.05 1.00
Traffic management and re-routing 120 4.01 1.01

Communication barrier 120 3.82 1.09
Tight deadlines 120 3.53 1.28

Contractor dependency 120 3.53 1.28
Financial and safety risks 120 3.49 1.08

Budget constraints 120 3.46 1.11
Complex critical path 120 2.95 1.24

One of the objectives of the study is analyze the major challenges and one way of doing it is by
fragmenting the results into individual codes of the Likert-scale (Table 3). By doing this, it can be seen
that there was not a single participant, who strongly disagreed to the claim that traffic management
and re-routing are some of the main challenges when dealing with highway projects. On the contrary,
a total of 84 (69.2%) out of the 120 participants agreed that the project managers had to take care of all
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traffic related issues, including re-routing, placing construction signs, and moving heavy machineries
onto the construction site.

Table 3. Descriptive frequency for traffic management.

Traffic Management Coded Frequency Percent Cumulative Frequency

Strong disagree 1 0 0.00 0
Disagree 2 12 10.00 12
Not sure 3 24 20.00 36

Agree 4 35 29.17 71
Strongly agree 5 49 40.83 120

4.2. Lean Management Tools

A total of five lean management tools were identified for research in the present study, and
participants had to select from one of the tools or practices. The reason for asking about the lean
management tool preference was to get an idea of industry norm when it comes to highway construction
projects and later to correlate these tools with the performance efficiency in highway projects.

As it can be seen from Figure 3, a total of 34 participants (28.3%) selected the last planner system
(LPS), when asked to choose the tool they are most familiar with or the one that is generally used when
managing highway construction projects. This finding seconds the finding by Babalola, Ibem, and
Ezema, who noted LPS as an essential and most widely accepted lean management tool in construction
practices [25]. LPS was followed by JIT and PIC with a population rate of 24.1% and 20.0%. VM
(15%) and PPC (12.5%) were identified as the least commonly used practices when managing highway
construction projects.
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Figure 3. Lean management tools and practices.

4.3. Linear Regression Analysis

In order to find if any statistical correlation exists between the use of lean management tools and
performance efficiency improvement in the highway construction projects, a linear regression analysis
(LRA) was conducted.

One of the lean management tool attributes was whether it is the ‘first choice’ when managing
a highway construction or similar project. This variable was then compared with the dependent
variables of improving work speed and transparency etc. From the results, a statistically significant
correlation was found between first choice of selection and the dependence variables of work speed,
transparency, reduced cost, client communication, and understanding of the project deliverables.
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The LRA tries to fit data points by a straight line, which is defined by the intercept and the slope
(first choice) value. Keeping work speed as ‘y’ and first choice as ‘x’, we can get a mathematical relation
from Table 4 as:

y = β0 + β1 ∗ x
→y= 2.56 + 0.039 x

Bases on these results, it can be said that one of the methods of improving management efficiency
using lean management is by making the tool the first choice. This can occur when the tool or method
is used repeatedly, gaining confidence of the project managers to choose it as a first priority for complex
construction projects.

Table 4. Linear regression analysis—first choice of selection.

Variable Regression Parameter Estimate Stand Error t Value Pr > |t|

Work speed Intercept 2.56 0.45 5.75 <0.0001
First_Choice 0.04 0.12 0.33 0.7443

Transparency Intercept 1.90 0.37 5.14 <0.0001
First_Choice 0.39 0.10 3.87 0.0002

Reduce waste
Intercept 0.42 0.26 1.63 0.1054

First_Choice 0.87 0.07 12.45 <0.0001

Reduce cost
Intercept 3.17 0.41 7.77 <0.0001

First_Choice 0.10 0.11 0.90 0.3699

Client
communication

Intercept 2.01 0.37 5.58 <0.0001
First_Choice 0.41 0.10 4.17 <0.0001

Traffic
management

Intercept 3.77 0.32 11.92 <0.0001
First_Choice 0.07 0.09 0.79 0.4299

Risk
management

Intercept 3.15 0.41 7.77 <0.0001
First_Choice 0.09 0.11 0.90 0.3699

Deliverable
understanding

Intercept 2.00 0.38 5.22 <0.0001
First_Choice 0.39 0.10 3.80 0.0002

The same strategy was used to find relationships between other independent variables. For the
variable of special training required for adopting the tool, it was negatively correlated with work speed
of the project, with β0 = 3.9853, β1 =−0.39652, and sig < 0.001. This gives an idea that lean management
tools that require special training and implementation efforts increases the overall timeline of the
project as some time also needs to be dedicated to training and supervision of employees. On the
other hand, the dependent variable of ‘reduced project cost’ was found to be positively correlated
with special training, β0 = 2.44264, β1 = 0.33389, and sig = 0.002. This indicates a conventional
trade-off between time and cost, when tools requiring special training are used in managing highway
construction projects. No significant relationship was established between the dependent variables
and the intendent variable of ‘everyone understands the implementation’.

For the variable of project detailing, we could determine a significant correlation with project
transparency (model = 15.0, sig = 0.0017), waste reduction (model = 124.4, sig < 0.001), client
communication (model = 18.7, sig = 0.0003), and understanding of the deliverables (model = 17.6,
sig = 0.009). Results showing a significant correlation are presented from Tables 5–12 (see Appendix C
for complete results). The significance values of less than 0.05 indicates a strong correlation, and the
model value gives an estimate of sum of squares of all the data points on the regression line. Though,
all these correlations are statically significant, it is evident from the model value that the correlation
between project detailing and reduction of waste is the strongest, as shown in Table 7.

One inference that can be made from these results is that the lean management tools involves
high-level of project detailing, ensuring the elimination of loose-ends and unclear information from
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the design and planning report. For projects where there is a high risk of miscommunication or lack of
detailed information, lean management tools can offer great benefits. This is further discussed critically
in the next chapter along with other test variables that define the selection of lean management tools.

Table 5. ANOVA for transparency.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 15.00 15.00 10.36 0.0017
Error 118 170.92 1.45

Corrected total 119 185.93

Table 6. Regression estimate for transparency.

Parameter Estimates

Variable Label DF Parameter
Estimates

Standard
Error t Value Pr > |t|

Intercept Intercept 1 2.04 0.40 5.13 <0.0001
Project detailing Project detailing 1 0.34 0.11 3.22 0.0017

Table 7. ANOVA for waste reduction.

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 124.44 124.44 238.54 <0.0001
Error 118 61.56 0.52

Corrected Total 119 186.00

Table 8. Regression estimates for waste reduction.

Parameter Estimates

Variable Label DF Parameter
Estimates

Standard
Error t Value Pr > |t|

Intercept Intercept 1 −0.05 0.24 −0.21 0.8359
Project detailing project detailing 1 0.98 0.06 15.44 <0.0001

Table 9. For client communication.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 18.79 18.79 13.78 0.0003
Error 118 160.91 1.36

Corrected total 119 179.70

Table 10. Regression estimates for client communication.

Parameter Estimates

Variable Label DF Parameter
Estimates

Standard
Error t Value Pr > |t|

Intercept Intercept 1 2.07 0.39 5.36 <0.0001
project detailing project detailing 1 0.38 0.10 3.71 0.0003



Sustainability 2019, 11, 3646 12 of 27

Table 11. ANOVA for understanding of deliverables.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 17.64 17.64 11.66 0.0009
Error 118 178.49 1.51

Corrected total 119 196.13

Table 12. Regression estimates for understanding of deliverables.

Parameter Estimates

Variable Label DF Parameter
Estimates

Standard
Error t Value Pr > |t|

Intercept Intercept 1 2.04 0.41 5.01 <0.0001
project detailing project detailing 1 0.37 0.11 3.41 0

5. Discussion and Analysis

5.1. The Need for Lean Management Implementation

In order to convince someone to implement lean management tools, it is important to establish a
need for it first. For this purpose, it is important to get first-hand data on the major challenges pertinent
to highway construction project management. Highway projects are different from other construction
projects as they involve the management of several other factors, including traffic management
and re-routing [20]. This argument was confirmed in the current study, where the majority of the
study participants noted traffic management as one of the core challenges that require advanced
management techniques.

A number of conventional management procedures still rely on manual reporting, which is
insufficient for projects involving multiple-level reporting hierarchy and the presence of third-party
contractors [23]. Communication barrier (µ = 3.81) was also indicated as a critical issue in highway
construction projects, requiring proper briefing and reporting to internal departments, upper-level
management, contractors, clients, and the legal authorities. For managing a project with such a complex
reporting and communication structure, the probability of miscommunication or lack of information
flow is quite high. Thus, requiring an improved lean management practice.

5.2. Performance Efficiency Improvement

Several aspects of the chosen lean management tools were tested with the dependence variables
of the study. Combining all these results will give a multi-dimensional view of the most critical aspects
that are related to efficiency improvement in highway construction projects. The factor of first choice
or norm defines that the lean management tool is commonly used in such projects and its use has
become a norm and it is no more unusual or high-risk to select the tool for highway construction
project management. From the crosstabulation, as shown in Table 13, it can be seen that LPS has the
highest mean value, with 17 participants agreeing LPS to be the first choice of selection and another 11
strongly agreeing to it, making it a total of 82.4% agreement rate. The is followed by the tool of Visual
Management (VM), with a total percent of 55.6 agreement rate.
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Table 13. Crosstabulation lean tool vs first choice. Process Improvement Cycle (PIC); Percent Plan
Completed (PPC); Visual Management (VM).

Lean Management Tool
First Choice

1 2 3 4 5

JIT (% within the group) 1 5 9 10 4
3.40% 17.20% 31.00% 34.50% 13.80%

LPS (% within the group) . 1 5 17 11
0.00% 2.90% 14.70% 50.00% 32.40%

PIC (% within the group) 1 4 6 7 6
4.20% 16.70% 25.00% 29.20% 25.00%

PPC (% within the group) 2 6 4 1 2
13.30% 40.00% 26.70% 6.70% 13.30%

VM (% within the group) . 3 5 9 1
0.00% 16.70% 27.80% 50.00% 5.60%

The practice of VM deals with the problems of lack of communication and lack of objective clarity
within the teams. One of the fundamental principles of lean management is transparency, so that the
project deliverables, deadlines, and individual roles are clearly understood by everyone [26]. The VM
tool includes a clear display of all this information on a white board or notice board, or at a place in
clear sight to all members [35]. Apart from this, the progress report is also published and displayed on
board rather than just being discussed in the board meetings.

The factor of ‘project detailing’ also showed correlation with a number of test variables, including
project transparency, waste reduction, client communication, and the better understanding of project
deliverables (Appendix C). An initial argument made in this study highlighted the highway construction
project as a one with high probability of resource waste due to improper management techniques for
maintaining transparency and client communication. Again, using the SAS crosstabulation, it was
found that LPS and JIT requires high-level of project detailing. Though, Tezel, et al. argued that LPS
tools often neglect the market conditions, it still plays an important role in defining project deliverables
and communication network for each phase of the project.

5.3. The Role of Lean Tools in Construction

After establishing the relationship between lean implementation and performance improvement,
it is crucial to analyze how and in what areas the discussed tools can facilitate construction projects.
Using an integrated approach, the JIT tool can be combined with the second-layer or planning phase
of the LPS. This will help categorize constraints and needs based on factors of waste reduction and
resource optimization [7]. For example, traffic management and re-routing are identified as some of the
major problems in road construction or reconstruction process. Using the JIT tool in the planning phase
of LPS, the project manager can assign the task of putting construction site boards to less experienced
people, and a few people with expertise in area routing can be given the task of outlining an alternate
route plan. Thus, not all workers are required to receive high-level training for the project completion.

Due to multi-layered logistics network and high dependency on suppliers, it is easy to lose the
track of project progress information, and whether or not important milestone have been accomplished
or not. Communication barriers and contractor dependency have been identified as some of the
non-trivial issues in the construction projects. IT-supported VM tools not only links activities, but also
different internal and externa departments working in a project. When an on-paper Stroboscope outline
is transferred to an IT-based platform, the project manager can add notification, private messages
for workers, make orders to the suppliers, or track the progress of a shipment or assigned task [34].
Transforming a written report of who needs to do what and when into a visual representation, with
indicators of risks, deadlines, and PPC, the project manager will be in better position to oversee and
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control the project pace. The function of PPC would come in labelling tasks or departments that failed
to achieve the set milestones.

5.4. Limitations and Trade-Offs

A few limitations and trade-offs were also observed from the LRA. First, no significant correlation
could be established with the variable of risk management, and the variable of project speed also
showed a meager correlation with only one of four factors of the research. The literature is consistent
on the role of lean management strategies and tools to enhance work speed and reduce the overall
risks involved [32]. Previous studies have found a positive impact on project appeared when lean tools
are applied, however, the current study could not confirm this correlation. Some of the reasons can
be the lack of adequate lean awareness and understanding among the target participants or gaps in
standards and approaches [8,41].

In addition to this, a negative correlation with the factor of special training and the variable
of project speed shows that lean tools that demand special education and training workshops for
employees to get equipped with its knowledge, increases the overall project time. This also helps
understand the claims that project managers are often reluctant to apply lean tools as they require time
and budget for special training efforts, before they can be put to test [50,51]. Thus, the overall project
management cost is also bound to increase, keeping the variable of implementation cost as constant.

6. Conclusions and Recommendations

6.1. Conclusions

Lean management has gained getting great popularity in the construction industry, and this
study aimed to narrow down the scope to highway construction. The study findings show that lean
management practices and tools can improve the overall project management efficiency for highway
construction projects. Some strong correlations were found with project speed, reduction of delays,
improved communication, and project transparency. However, implementing an integrated lean
management framework can also increase the overall project time and cost. So, this is one of the
trade-offs for lean management implementation, and it could create an implementation barrier in
projects with strict deadlines and budget constraints.

One of the crucial findings of the study was that when lean management tools that become the
industry norm and employees and managers are aware of their implementation, it improves the overall
project efficiency. One inference that can be made from this finding is that in the initial adoption of lean
practice, it might take more training time and implementation costs, but once the entire team working
on the project has become familiar with its operation, it could greatly help in reducing project waste,
cost overheads, and communication problems. Future researchers can study the criteria for selecting a
lean tool in such complex projects.

A significant aspect of the present study is the mapping of popular lean management tools with
the desired deliverables. As noted by earlier researchers, often managers are reluctant to implement
lean procedures, as they do not know what to expect from it or what project deliverable will be achieved
by a particular tool. A large set of lean tools were narrowed down to the top five, out of which LPS,
JIT, and VM were found to be more commonly used in highway construction projects. In addition to
this, tools that require special training that involve project-detailing in a phase-wise manner better aid
efficiency improvement. Thus, lean management tools help the project manager to have all project
options, deliverables, deadlines, and alternatives on the table, and make a calculated decision based on
the project progress.

Moreover, an integrated approach for implementing lean tools was also discussed in the research.
For example, the LPS tool could dictate the weekly or monthly planning of tasks, constraints, and
changing tasks priorities. Integrating this phase with JIT would provide a more functioning model
or direction as to which constraints to target first and how priorities need to be set, based on the
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principles of waste reduction and resource optimization. Another important conceptual learning from
the research was to treat a construction project into smaller discrete events. So, rather than just planning
the budget, cost, and milestones for the entire project, the same has to be done for each independent
event in the project. In this way, it will be easier to monitor and improve events that failed to meet
the required time, budget, and other constraints rather than signaling a delay of months and a loss of
millions at the end of the project.

The study also discussed limitations and trade-offs when selecting a particular lean tool. This
could aid in the initial decision-making process of the project managers, as they would be able to
map different lean tools with their benefits and limitations and then select the one that best suits the
project needs and deliverables. The present study is consistent with the previous findings of lean
management tools to improve the overall highway construction efficiency; however, it takes a more
pragmatic approach so that project managers do not overlook the real-world limitations and challenges
attached to lean process adoption.

6.2. Limitations of the Study

One of the limitations of the study is that the applicability factor could not have been tested.
The need and application of lean tool changes with the nature of the project, governance structure,
and organizational dynamics. So, there is a probability that the proposed results might not be valid
under some scenarios or system dynamics, which could not be tested in the present study. An
experimentation approach could be used in future studies, analyzing organizational and other factors
that facilitate or oppose the adoption and successful implementation of lean management tools in the
road construction projects.

6.3. Recommendations

The present study bears a few limitations, which can be catered in the future studies. First, the
data for the study was collected from only large construction corporations, as the requirement was to
see whether the lean management tools improves highway construction efficiency or not. However, a
number of firms still rely on conventional or other management tools, and it can be argued that those
tools might be as effective, if not more, than the chosen lean tools. Thus, a comparative study can help
better reason the use of lean tools. Second, future studies can adopt the interpretivism paradigm to
explore new theories and concepts related to highway construction management, which have not been
addressed in the current study.
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Appendix A. Questionnaire

Q1. To what extent do you agree/disagree with the following challenges with Highway Construction Projects?

Highway project attributes and challenges

5 = strongly agree
4 = agree
3 = maybe/not sure
2 = disagree
1 = strongly disagree

5 4 3 2 1

It involves traffic management and re-routing
Have tight deadlines to meet
Have strict budget constraints
High probability of financial and safety risks involved
High dependency on third-party contractors
Communication and information sharing barriers
Complex critical path and many task-entries
Requires high-level of training and skillfulness

Q2. Select one the lean management tools, which you are most familiar with or is the most commonly used
by your firm in road construction projects.

� Last Planner System (LPS) � Visualization Management (VM)
� Process Improvement Cycle (PIC) � Just-in-Time (JIT)
� Percent Plan Completed (PPC)

Q3. How would you rate the characteristics of the chosen lean management tool?

Lean management tool characteristics

5 = strongly agree
4 = agree
3 = maybe/not sure
2 = disagree
1 = strongly disagree

5 4 3 2 1

It is the first choice or norm when handling a complex
construction project.
Everyone on the project team understands its implementation.
It requires special training and implementation efforts
It incorporates high-level of project detailing

Q4. To what extent do you agree/disagree with the implementation of the chosen lean management tool for
highway construction management efficiency.

Lean Management Efficiency

5 = strongly agree
4 = agree
3 = maybe/not sure
2 = disagree
1 = strongly disagree

5 4 3 2 1

Improves the speed of working
Improves project transparency
Reduces resource and time waste
Reduces the overall project cost
Improves the communication between contractors and clients.
Essential for choosing routing options and traffic management
Helps plan for risk contingency and prevention
Helps in employee training and understanding of the project deliverables.



Sustainability 2019, 11, 3646 17 of 27

Appendix B

Table A1. Cronbach’s coefficient alpha test.

Cronbach Coefficient Alpha with Deleted Variable

Deleted Variable

Raw Variables Standardized Variables

LabelCorrelation
withh Total Alphha Correlation

withh Total Alphha

First_Choice 0.602894 0.666069 0.668308 0.663931 First_Choice
Everyone_Understands 0.202973 0.535725 0.29877 0.586641 Everyone_Understands

Special_Training 0.084642 0.639089 0.076339 0.674728 Special_Training
Project_Detailing 0.629774 0.252552 0.682763 0.649426 Project_Detailing

Appendix C. Regression Model for Dependent Efficiency Variables with Project Detailing

Table A2. Total observations made.

Number of Observations Read 136
Number of Observations Used 120

Number of Observations with Missing Values 16

Table A3. Analysis of variance.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 0.07473 0.07473 0.04 0.848
Error 118 239.12527 2.02649

Corrected Total 119 239.2

Table A4. Root mean square error.

Root MSE 1.424 R-Square 0.0003
Dependent Mean 2.7 Adj R-Sq −0.0082

Coeff Var 52.72

Table A5. Parameter estimates.

Parameter Estimates

Variable Label DF Parameter
Estimate

Standard
Error t Value Pr > |t|

Intercept Intercept 1 2.78699 0.47124 5.91 <0.0001
Project_Detailing Project_Detailing 1 −0.02411 0.12554 −0.19 0.848

Table A6. Total observations made.

Number of Observations Read 136
Number of Observations Used 120

Number of Observations with Missing Values 16
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Figure A1. The regression procedure of work speed.

Table A7. Analysis of variance.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 15.00413 15.00413 10.36 0.0017
Error 118 170.92087 1.44848

Corrected Total 119 185.925

Table A8. Root mean square error.

Root MSE 1.20353 R-Square 0.0807

Dependent Mean 3.275 Adj R-Sq 0.0729
Coeff Var 36.74898

Table A9. Parameter estimates.

Parameter Estimates

Variable Label DF Parameter
Estimate

Standard
Error t Value Pr > |t|

Intercept Intercept 1 2.04245 0.39841 5.13 <0.0001
Project_Detailing Project_Detailing 1 0.34159 0.10613 3.22 0.0017

Table A10. Total observations made.

Number of Observations Read 136
Number of Observations Used 120

Number of Observations with Missing Values 16
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Figure A2. The regression procedure of transparency.

Table A11. Analysis of variance.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 124.44236 124.44236 238.54 <0.0001
Error 118 61.55764 0.52167

Corrected Total 119 186.00000

Table A12. Root mean square error.

Root MSE 0.72227 R-Square 0.669

Dependent Mean 3.5 Adj R-Sq 0.6662
Coeff Var 20.63631

Table A13. Parameter estimates.

Parameter Estimates

Variable Label DF Parameter Estimate Standard Error t Value Pr > |t|

Intercept Intercept 1 −0.04964 0.2391 −0.21 0.8359
Project_Detailing Project_Detailing 1 0.98373 0.06369 15.44 <0.0001
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Figure A3. The regression procedure of reducing waste.

Table A14. Total observations made.

Number of Observations Read 136

Number of Observations Used 120
Number of Observations with Missing Values 16

Table A15. Analysis of variance.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 3.99836 3.99836 2.38 0.1253
Error 118 197.92664 1.67734

Corrected Total 119 201.92500

Table A16. Root mean square error.

Root MSE 1.29512 R-Square 0.0198

Dependent Mean 3.52500 Adj R-Sq 0.0115
Coeff Var 36.74109

Table A17. Parameter estimates.

Parameter Estimates

Variable Label DF Parameter Estimate Standard Error t Value Pr > |t|

Intercept Intercept 1 2.88873 0.42873 6.74 <0.0001
Project_Detailing Project_Detailing 1 0.17633 0.11421 1.54 0.1253
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Figure A4. The regression procedure of reducing cost.

Table A18. Total observations made.

Number of Observations Read 136

Number of Observations Used 120
Number of Observations with Missing Values 16

Table A19. Analysis of variance.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 0.31770 0.31770 0.31 0.5783
Error 118 120.67397 1.02266

Corrected Total 119 120.99167

Table A20. Root mean square error.

Root MSE 1.01127 R-Square 0.0026

Dependent Mean 4.00833 Adj R-Sq −0.0058
Coeff Var 25.22911
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Table A21. Parameter estimates.

Parameter Estimates

Variable Label DF Parameter Estimate Standard Error t Value Pr > |t|

Intercept Intercept 1 3.82898 0.33477 11.44 <0.0001
Project_Detailing Project_Detailing 1 0.04971 0.08918 0.56 0.5783
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Table A22. Total observations made.

Number of Observations Read 136

Number of Observations Used 120
Number of Observations with Missing Values 16

Table A23. Analysis of variance.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 18.78600 18.78600 13.78 0.0003
Error 118 160.91400 1.36368

Corrected Total 119 179.70000
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Table A24. Root mean square error.

Root MSE 1.16777 R-Square 0.1045

Dependent Mean 3.45000 Adj R-Sq 0.0970
Coeff Var 33.84830

Table A25. Parameter estimates.

Parameter Estimates

Variable Label DF Parameter Estimate Standard Error t Value Pr > |t|

Intercept Intercept 1 2.07083 0.38657 5.38 <0.0001
Project_Detailing Project_Detailing 1 0.38222 0.10298 3.71 0.0003
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Table A26. Total observations made.
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Table A27. Analysis of variance.

Analysis of Variance

Source DF Sum of Squares Mean Square F Value Pr > F

Model 1 17.63832 17.63832 11.66 0.0009
Error 118 178.48668 1.51260

Corrected Total 119 196.12500

Table A28. Root mean square error.

Root MSE 1.22988 R-Square 0.0899

Dependent Mean 3.37500 Adj R-Sq 0.0822
Coeff Var 36.44082

Table A29. Parameter estimates.

Parameter Estimates

Variable Label DF Parameter Estimate Standard Error t Value Pr > |t|

Intercept Intercept 1 2.03862 0.40713 −5.01 <0.0001
Project_Detailing Project_Detailing 1 0.37036 0.10846 3.41 0.0009
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