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Abstract: The implementation of green projects continues to encounter several challenges with
regards to the project management techniques applied in different construction projects. This study
aims to find out the relationship between green construction management and the quality of highway
engineering projects, and to try to help innovators identify the best place to focus. This study adopted
mixed research method where both quantitative and qualitative research approaches were used. The
analysis techniques adopted included Pearson’s correlation, regression analysis, and Student’s t-test.
The study found that the effect of financial issues, design codes and standards, and various risks will
be the most effective green performance constructing strategies. It is revealed that there are eight
determinants explained 77.5% of the variations in the quality of the highway engineering projects.
The quality of highway engineering projects was expected to improve by 0.246 units for a unit change
in the adoption of the green construction management. The research result will help stakeholders in
improving the quality standards for highway engineering projects and help practitioners and experts
in the construction project industry to better understand the relationship between green construction
management and quality of highway engineering projects, and help them improve green construction
management in an effort to promote sustainable development of project management. This research
can be further studied in the future to expand the scope of data analysis to explain the differences in
the level of social development.

Keywords: green construction management; highway engineering project; green construction project;
green performance contracting strategies

1. Introduction

1.1. Background Information

The industrial dynamism in modern day development is a threat to environmental sustainability.
There is a growing concern over the state of climate change and how the construction industry affects
the framework to implement such change [1]. The implementation of green construction projects
continues to encounter several challenges with regards to the project management techniques applied
in different construction projects [1]. In essence, highway engineering projects face common challenges
with regards to developing a sustainable project management plan that caters to the challenges, impacts
and their solution.

The concept behind green construction lies far beyond the construction of buildings without
harming the environment as it tries to establish the conditions that would eventually upgrade the
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quality of planet Earth [2]. In simple terms, green construction is defined as an attempt to build
responsibly while reducing waste and helping preserve the environment. Research has highlighted
the four processes involved in green construction as planning, construction, designing and conducting
building operations with some critical, foremost considerations. The persons involved should consider
the use of water and energy, the quality of the indoor environment, material section and the effect the
building has on its site [2]. It is important to note that green construction technology is currently at
the most advanced level than ever before, and as the supply of non-renewable resources in the world
becomes rare and expensive, green technology continues to increases its significance.

Green construction management is the advancement of sustainable development through
responsible management of portfolios, programs, and projects with the aim of achieving environment
friendly structures. Green construction management is taking control of the processes involved in
green construction namely planning, construction, designing and conducting building operations
with critical as well as priority considerations [3]. Green construction management involves the
development of strategies that may help in planning, directing, coordinating, and budgeting activities
on the project site [4]. There is a need to develop material that focuses on the techniques to overcome
barriers in the project management frameworks, thus fortifying the base for future green building
projects in highway engineering. Hence, there is a need to practice the creation of structures and using
processes that are environmentally friendly through the process of green building [3]. Green building
refers to both a structure and the application of processes that are environmentally friendly as well as
resource-efficient throughout the building process [3].

About 2.2 billion people in 108 countries face a risk of surviving on multidimensional poverty
while an approximated proportion of 68.18% of the 2.2 billion people survive on or less than US$1.25
a day [5]. This highlights the concept of a green economy that would promote an attractive green
revolution to the current crises that are affecting developing countries for sustainable environmental
and economic improvement [5]. According to the research, one way of reducing the emissions released
from fossil fuels and greenhouse gases is through the construction of green roads with carbon neutral
materials [5].

Highway engineering projects contribute 25% to the total energy cost in any developing
country [6]. The construction of highway projects has both commercial and residential implications [7].
The current ameliorating global concern on the damaging effects of construction activities on the
environment is directed at promoting sustainable development as well as implementing green
measures [7]. Countries are shifting their focus to making sustainable development a national priority.
The clamor to implement green construction management techniques gained momentum at the
beginning of the 21st century and has continuously escalated with time [7]. There has been an 80%
increase in the green mark project certification in regional constituents such as in Europe and the
greater Asian region and among other already developed countries [6].

Even though the new technologies are constantly being developed as complements to current
practices in creating better and greener structures, the common objective of green construction projects
is to minimize the overall impact of the built environment on the natural environment and human
health [4]. The dissimilarities in the quality of the highway engineering projects exist in the level of
details emphasized in each project [4]. Additionally, the paucity in green construction management
lacks knowledge sustainable with reference to how it limits project performance [8]. Looking ahead,
highway and transport infrastructure is expected to face increasing pressures and impacts from a range
of issues including changing weather patterns, capacity constraints, population growth, land and
capital shortage, and rapidly changing technology that is outstripping the pace of new infrastructure
development. Also, the expected change in travel behaviors will also impact highway construction
projects and transportations greatly. Notably, different nations have approached the problem of global
warming and depletion of natural resources differently. Malaysia, for example, has adopted a lot of
alternative pavement materials as well as technologies that have been brought to the construction
industry with the aim of achieving green highways [9]. However, there is still much room for
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improvement and researchers have been called upon to dig deeper into the issue. The sustainability
concept in highway development needs to be addressed critically so as to eliminate the effect of global
warming and depletion of issues of natural resources [9].

This research investigates the green construction management making close reference to the
impact on the quality of highway engineering projects. The methodology used in the study is mixed in
nature with evidence from 200 respondents from construction companies which had been involved
in at least one highway engineering project for the past 10 years. Additionally, the literature review
gathers information from different peer and scholarly-reviewed material.

1.2. Possible New Situations in Which Mobility Will Change

There is sufficient evidence from the available literature that green construction is likely to
re-shape the future of locomotion systems and what currently exists will be transformed. There will be
increased safety, unprecedented level of comfort as well as a gain in personal time [10]. In addition,
there will be potential effects of the technologies such as green construction on the climate. Reports
indicate that today, locomotion systems are responsible for almost 25% of global CO2 emissions, with
road traffic accounting for the biggest proportion of 17.5% [11]. In another case, the diesel scandal in
Germany which was triggered in 2015, significantly revealed the emission of nitrogen oxides which are
known to be harmful to the environment [12]. Nonetheless, in light of all these negative consequences
for the climate and the associated air pollution, the development of the green construction and other
new technologies promises a sustainable future of new mobility which will potentially protect the
climate and environment.

1.3. Research Justification

This research will help stakeholders in understanding the most effective green performance
constructing strategies which will enhance improvement processes. Also, the research will help in
revealing the determinants of the quality standards for highway engineering projects. The findings
will, therefore, help stakeholders in ensuring high quality of the highway projects. The current
contracting practice for addressing climate change issues will be addressed where the most effective
green performance contracting strategies will be evaluated. Moreover, the findings of the study will
act as background information to future researchers who will intend to conduct further research on
green construction management and its impact of highway engineering projects or related topic.

The research questions guiding the study are:

(1) Which are the most effective green performance constructing strategies?
(2) What are the determinants of the quality standards for highway engineering projects?
(3) To what extent does green construction management improve highway engineering projects?

2. Literature Review

The design, construction, maintenance, operation and regulation of major transport passages
such as roads, bridges and tunnels has an effect on the socio-economic status of the communities
around them [13]. Aside from the socio-economic influence of highway engineering projects on the
communities, the projects have considerable influence on the ecological state of the community [14].
In essence, it is imperative that the construction teams take into consideration the project life cycle,
the material used in construction, and pre-construction and post-construction activities attributed to
the project [14]. Require proper management if the response is targeted at reducing the impact of the
constriction on the immediate community as well as the environment.

2.1. Green Construction Management

Green construction management ensures the incorporation of both convectional construction
principles as well as green construction management technique [15]. The goal of green construction
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management is to enhance the sustainability of projects. Green construction project calls for the
adoption of the use recyclable material that offer similar level of fortification and use as the convectional
material [16]. The contractor as well as the project managers must decipher techniques that ensure the
level of pollution throughout the construction is minimized [17]. Techniques in green construction
management promote the reduction of soil erosion, an improvement of the waterway sedimentation
and the control of airborne dust generation [18]. The general goal of green construction management is
to promote the general state of the environment and thus limit the disturbance to the environment [3,19].
In essence, the aforementioned considerations are in most cases overlooked in matters relating to the
convectional construction management.

The commissioning of green construction management, as well as the projects involved varies from
country to country. The variation depends on the intensity of the environmental concern channeled by
the institutions of governance [20,21]. Strict issuance of the green mark or third party certification is
thereby more complex in countries that exert more concern on green construction and maintenance.

Green construction management has, to a large extent, improved highway engineering projects.
Green construction management helps in achieving sustainability and improved quality [13]. This
is because sustainability is a natural part of the project management discipline under the green
management. Project management entails the reduction of costs while increasing the value and
protecting scarce resources [15]. Through the green construction management, managers are made
to think beyond the confines of their project to consider the entire life cycle of the projects. Also, the
ultimate sponsors, the users and the expanded set of stakeholders including those who will inherit
the environment in the long term are considered in green construction management leading to an
improvement in projects.

2.2. Highway Engineering Projects

Highway engineering projects require a sophisticated level of art and skill, more so if the
construction happens within close proximity to any human or wildlife population [15]. Highway
engineering projects are constantly surpassing existing expectations and natural limitations. Ever since
the adaptation of the Macadam road construction strategies in the 1900s the construction of highway
projects transcends both time in the effort of improving on new generations [22]. The construction of
some of the most sophisticated highway projects such as the Qingdao Haiwan Bridge contain both
convectional Roman road ideals as well as the industrialized modern road structures [23]. The advance
of technology has consequently brought up better ways of conserving energy through the fastened rate
of construction and maintenance [24]. In more industrialize and developed countries such as the USA,
highway engineering is a crucial discipline cemented with the enactment of the United States Highway
Act of 1944 [25]. The Federal-Aid Highway Act of 1944 aimed at connecting approximately 91% of
cities with a population of 55,000 [26,27]. However, the discipline is countered by constant stress from
vehicles that have over time grown larger. In addition, improvements to pavements were needed for
the growing population that constantly required the government to step up their socio-economic status
as well reduces the number of accidents caused by the lack of pedestrian pathways [28]. The total
annual road expenditure across the world is shown in Figure 1. From the review of the literature, it is
evident that the total annual road expenditure has an exponential growth rate regardless of whether
the contractors use green construction management techniques or convectional approaches.
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2.3. Innovation Using Green Construction

The call for more energy-efficient forms of development is geared towards promoting
sustainability and a boost to innovation [30]. Green construction technologies offer a more efficient
way of erecting large products with the state of the environment in mind. Aside from the introduction
of green construction in public works as an effort by various governments under the advice of various
environment and strategy experts, the introduction of the suggested green construction projects are
directed towards improving on the innovative capacities of society [31]. The use of proactive innovation
technologies in green construction has led to the shrink in energy consumption and a decrease in the
carbon footprint by convectional construction projects [25]. In London, the prospective innovation on
green construction projects will initiate the refurbish of almost all construction projects in the city by
the year 2020 [32].

The innovation in the green sector economy has led to the reduction of about 40% of the energy
in circulation in the last 17 years [23]. The reduced energy is viewed greatly in the industrial and
transport sector. In retrospect, the total amount of energy saved is roughly 20 exajoules each year [23].
The construction projects are responsible for 37% of the total energy and hydrocarbon emissions
during transportation [23]. Improving on the energy and hydrocarbon emissions on highway
construction projects has a trickling effect of promoting an efficiency-related construction market
for future generations.

Innovative trends in green construction technology are believed to illustrate a positive exponential
growth over the years [32]. The integration of innovation in green technology has introduced more
efficient heating, ventilation and air conditioning systems, connecting systems such as elevators, over
and underpasses among other highway project fittings [23]. The resultant effect of the improvement
of the innovative technologies in green construction is the heightened patent filling procedures by
various contractors.

2.4. Challenges in Maintaining Green Construction

The challenges attached to maintaining green construction involve three general aspects. First,
green construction requires the identification of the different possibilities of the impact of highway
construction on the natural as well as the socio-economic environment [13]. Second, green construction
demands the evaluation and the quantification in terms of the scale and the time period of the effect of
the construction [33]. Third, green construction management demands the consequent formulation of
measures that mitigate and avoid the anticipated impact from the construction of the highway [13].
The design considerations include the sight distance, the lane width and the design traffic volume.
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However, there are other indirect factors such as the horizontal and vertical clearances that have an
effect on green construction highway projects [34].

While the green construction development has become a trend in recent years, complexities
rendered by the idea during the operational and maintenance phase often overshadow the benefits that
may be realized through the development of green construction [35]. Several factors were highlighted
by the researcher has being the major influencers of the complexities in managing and maintaining
green construction. According to the study, managerial factors, environmental factors and biological
factors were the major classifications of the factors causing the complexities [35].

First the heightened cost of green construction practices and materials limits the initial capital cost
of green construction in highway projects. The higher costs are associated with high-cost materials
as well as the high costs of green construction technologies [36]. Slow developing economies have
no incentive to engage in green construction management. In most cases, the inclined costs associate
with green construction management directly influences the project manager. The construction project
managers are in charge of the management and delivery of the construction projects within the
presented budget [15].

Second, there is credible evidence about the technical difficulties during green construction project
processes. The efforts of the highway project planner are directed towards ensuring the success of
officiating and implementing a green design highway plan that depends largely on the predisposition
of contract construction agreement approved on the delivery of the highway project [37]. The full
integration of green design may limit the number of potential contractors that apply or bid for the
highway construction. The interlock of the green construction project design and the general project
design may fail to hold. A greater percentage of the change compromised to the inauguration of the
project is green features of the project [30].

Third, the lengthy approval of green technologies coupled with the constant supply of recycled
materials is attributed to the market environment that is keen on the sustainability of the goods
introduced in the market [37].

Additionally, the time required to fully integrate green designs challenges green construction
project managers from developing a schedule that approves the payment to the vendors and
suppliers [38].

Fifth, there exists the unfamiliarity with green construction technologies in most developing
nations of the world. As mentioned above, green construction technologies pose greater challenges to
the contractors, developers and the clients [39]. There is insufficient and uncertified knowledge on the
technical expertise and product, materials, systems and designs allocated for green construction and
designs. Green construction technologies are more complex as compared to traditional construction
technologies [40]. The interest among team members is crucial as it determines the initial enthusiasm
as well as the progress of the project.

Sixth, green construction management requires strong and constant communication among the
project team members. There are a considerably larger number of subcontractors, team members and
suppliers involved in the green construction projects. In essence, communication is imperative as it
aids in maintaining the level of interest among the team members [41]. The initial enthusiasm involved
in the separation of waste materials among sub-contractors should increase as the project progresses.

Seventh, time is a restraint factor when it comes to green construction management. There are
random checks and frequent on-site visits by green construction project managers. The regularized
check-up is crucial in determining the progress of the structures in place [42,43]. The time frame
available for green construction projects is not clearly defined as there are different performance rates
of different projects.

2.5. The Green Performance Contracting Strategies

In accordance with the emission sources and applied project phases addressed by the strategies,
green performance contracting strategies have been classified into four levels namely the material
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related, equipment and energy efficiency, green life cycle, and clean energy development strategies [44].
Under the material related strategies, the focus is more on the reduction of the effect of greenhouse
gas emission using material related approaches. The approaches mainly include recycling or reusing,
treatment, and life cycle management.

On the other hand, the equipment and energy efficiency strategies focus on reducing fuel
combustion emission as well as utilizing renewable equipment devices and efficient fuel use [45].
Contractors should, therefore, be regulated by the relevant authorities or incentivized to adopt engine
retrofit according to technologies verified by the U.S Environmental Protection Agency(EPA) or
California Air Resources Board(CARB) through the use of upgrading and repowering engines or
engaging in a better selection of their equipment. Nonetheless, the construction companies may
alternatively be required to use other fuels for their equipment with the aim of reducing the equipment
idling or employing work zone mobility management.

The third level, which entails the green life cycle strategies, focuses on managing the total life cycle
of products and services [30]. The approach aims at addressing a wide range of activities, starting with
the problem identification, processing or solution acquisition, to the final disposition of the solution.
Also, the third level is engaged in providing a framework for targeting, organizing, analyzing, and
managing project-related information and activities towards continuous sustainable improvement
along the life cycle of the project [46].

This conducted a Life Cycle Assessment (LCA) of residential streets from the perspective of
favouring the human scale and reducing motorized traffic flow, and a cradle to handover approach was
adopted [47]. The research highlighted that the non-motorized mobility in a residential street generated
lower environmental impacts. Also, the research observed that omitting a detailed analysis in the
materials selection for a specific zone of residential streets would occasion significant environmental
impacts. Moreover, the research noted that the specific use of materials employed in the construction of
the RS was having a great influence on the environmental impacts. As a result, the study suggested that
the granite should be limited in configuring and designing RS. The application of LCA in the design
phase was considered an important factor that could reduce the environmental impacts generated in
the product and construction stages of a residential street.

Above all, the fourth level, the clean energy development strategy, focuses on the innovative
thinking through infrastructure design, project partnership, construction approaches, financing
techniques, methodologies for evaluation, future maintenance, and delivery processes [44]. Although
the clean energy development approach is in an early stage for highway construction, successful
cases, particularly in the electricity generation and agriculture sectors, have been witnessed where
stakeholders can borrow ideas relating to the implementation process and technologies.

2.6. The Determinants of Quality Standards for Highway Engineering Projects

Previous research work has highlighted numerous determinants of quality standards for highway
engineering projects. The most effective factors influencing the quality standards of highway
engineering projects are the adoption of green construction, financial issues, design codes and
standards, materials and equipment, human resources, coordination, planning and scheduling, and
risks [46]. Research work with respect to materials and equipment observed that these two kinds of
construction elements are essential in the operations in every industry since insufficient provision
of any of the two can lead to delays in the construction work. To be specific, analysis showed that
material organization was an issue of stress in the advancement of any project where 40% of the
delays were credited to repulsive organization, non-attendance of materials when needed, poor
unmistakable confirmation of materials and lack of stock-pilling [46]. Financial issues in highway
engineering projects has also been an area of focus by many authors. Funding of development projects
is subsequently anticipated that would be speculative in monetary terms [13]. In other research, the
cost characteristic of materials needed for construction incorporated between 20% and 50% of the
total project cost and hence, the quality of the projects was more than half dependent on financial
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issues [13]. Other factors found to have some influence on the quality of engineering projects included
stakeholders’ involvement and competence of the managers.

3. Methodology

The research methodology section was important as it described the specific procedures used by
the researcher to identify, select, process and analyze the data about green construction management
and the quality of highway engineering projects. The section was even more important as it allowed
readers to critically evaluate the study’s overall validity and reliability. The major sub-sections
discussed in the research methodology included research method, research design, population and
sample, data collection, quantitative data analysis, qualitative data analysis, ethical consideration,
reliability test and validation process.

3.1. Research Method

The study adopted a mixed research method where both quantitative and qualitative approaches
were mixed in a single study. The quantitative research method involved a research process where
numerical data was gathered, analyzed using statistical techniques and conclusions drawn from the
analysis results [48]. On the other hand, a qualitative approach allowed the researcher to gather
qualitative data, observe trends depicted by these trends and make critical judgements based on the
characteristics of the observed trends. Quantitative research emphasizes objective measurements
and the statistical or mathematical analysis of the data. In other situations, the quantitative research
method was used to manipulate pre-existing statistical data using computational approaches [49].

Adopting the mixed method is justified. This is because the mixed approach was found to have
significant advantages over the use of qualitative and mixed methods individually which were the
possible alternatives [48]. First, mixed method research is believed to have strengths that offset the
weaknesses of both quantitative and qualitative research methods when used individually. Also,
mixed research method was advantageous because it provided useful findings regardless of the results
being unexpected prior to the research since qualitative data was, to some degree, generalized [50].

3.2. Research Design

The study employed a sequential research design. The design presents a scientific method
characterized by first collecting and analyzing quantitative data then collecting and analyzing
qualitative data later [51]. The two kinds of data were gathered using questionnaires. This research
design serves a major purpose of using qualitative results to assist in explaining and interpreting the
findings of the quantitative analysis section.

3.3. Population and Sample

The study targeted a population of all engineers who worked at construction companies dealing
with highway engineering projects. Since the researcher’s professional was project management,
an engineer was contracted to help in interpreting the engineering terms provided by the study
respondents. The population was large and extensive making it impossible for the researcher to gather
data from each member of the population. Hence, a sample survey technique was adopted. A sample
survey is a study designed to obtain data from a subset of a population with the aim of estimating the
population parameters.

The sample population used in the study is randomly sourced. In essence, the use of random
sampling seeks to reduce the amount of bias from using a similar sample population. Additionally,
random sampling reduces the possibility of choreographed responses within the responses offered.
There are a total of 200 respondents that participated in the study. The participants are contacted and
respond to the questions posed using an online platform. The respondents are sourced from different
groups of employees ranging from the self-employed to those working either in the public or private
sector in the economy.
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3.4. Data Collection

The study used questionnaires with both closed and open-ended questions to gather data from
the sampled individuals. A questionnaire is a research instrument that consists of a series of questions
for the purpose of gathering information from respondents [51]. This data collection method was
chosen because it enabled the researcher to collect data from a large sample of up to 200 respondents
in an easy and economical way. The questionnaire was standardized allowing the respondents to
give quantifiable answers for the topic. The open-ended questions were important as they provided
information necessary for improving the qualitative aspect of the study.

The survey questionnaire used in the study was matched to capture the specific sets of information
needed to answer the research questions. The first section of the questionnaire captures the
demographic profile of the respondents. The demographic variables included the respondents’ gender,
age, and work experience. The second section of the questionnaire looked at green construction
management in its general pretext as well as the major determinants of the quality standards for
highway engineering projects. This section presented the study’s independent variables category. The
adoption of the green construction management variable was measured using a categorical scale with
values 1 and 2 for those whose companies did not use green construction management and those
that used it, respectively. Other variables under independent variables list included financial issues,
design codes and standards, materials and equipment, human resources, coordination, planning and
scheduling, and risks [52].

The third section of the questionnaire looked at the quality of the highway engineering projects.
This section presented the study’s dependent variables section. The significant variable under this
section was quality which was measured using an ordinal scale ranging from 1–5 for low and high
quality respectively. The values were reached based on the quality assurance agencies and the
relevant authorities’ reports for the assessed projects. The last section of the assessment gives the
respondents the opportunity to offer solutions and recommendations based on the implications and
recommendations for future highway projects.

The researchers relied on modern statistical tools to record, store and analyze the collected data.
Particularly, the researchers used Statistical Package for the Social Sciences (SPSS) software version 20
to analyze the data.

3.5. Quantitative Data Analysis

The first research question, regarding the way green construction management affected highway
engineering projects, was answered using correlational analysis approach. Correlation analysis
attempted to reveal the mutual relationship or connection between the dependent and independent
variables [53]. The study used Pearson’s correlation coefficient to reveal the correlation between two
variables. For any pair of variables (X, Y), the formula for the Pearson’s correlation coefficient, as
described by Koo, and Li [54], was as shown below

ρx,y =
Cov (X, Y)

ρxρy
(1)

where:

Cov (X, Y), was the covariance of X and Y.
ρx, was the standard deviation of X.
ρy, was the standard deviation of Y.

The second research question, regarding the determinants of the quality standards for highway
engineering projects, was answered using the multivariate regression analysis technique. Under this
analysis section, the researchers were concerned with testing the individual effects of eight factors
namely the adoption of green construction management, financial issues, design codes and standards,
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materials and equipment, human resources, coordination, planning and scheduling, and risks. The
study adopted the following model [55].

y = β0 + β1x1 + β2x2 + β3x3 + β4x4 + β5x5 + β6x6 + β7x7 + β8x8 + ε (2)

where: y was the quality of highway engineering projects, while x1, x2, . . . , x8 represented the
adoption of green construction management, financial issues, design codes and standards, materials
and equipment, human resources, coordination, planning and scheduling, and risks respectively.

The third research question, regarding the significance or the extent to which green construction
management improved highway engineering projects, was answered using the T-test analysis
technique. Students t-test is a statistical test used to compare the mean of two groups of samples [56].
The study compared the quality of highway engineering projects between the group of respondents
whose companies did not adopt green construction management and those that did. The independent
t-test formula adopted, as described by Silverman [56], was as shown below.

t =
x1 − x2√

s2

n1
+ s2

n2

(3)

where:

s2 was an estimator of the common variance of the two samples.
x1 was the mean of the group of respondents from companies that did not use green construction
x2 was the mean of the group of respondents from the companies that used green construction.
n1 and n2 were the sizes of the two groups respectively.

3.6. Qualitative Data Analysis

The qualitative data gathered and finalized through questionnaires and expert discussions was
analyzed using factor analysis with the aim of producing mean index and factor loading. Also, the
study conducted content analysis of the qualitative data to categorize verbal and behavioral data with
the aim of classifying, summarizing and tabulating the data. Furthermore, reformulation of the stories
presented by experts through a narrative analysis technique was done where the context of each case
as well as different experiences with the green construction management were taken into account.

The figures below show the analysis process for descriptive statistics, the description of bivariate
correlation analysis, and the description of the regression analysis process using SPSS (Figures 2–4).
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3.7. Ethical Considerations

All the necessary norms and standards for conduct that distinguishes between right and wrong
were considered. First, the researcher obtained informed consent from all the participants. Informed
consent was taken to show that all the participants took part in the study willingly and free from
coercion. Informed consent was obtained using an informed consent form which was sent to the
participants via email before participating in the actual study [49]. The other significant ethical
consideration was confidentiality and anonymity of the participants’ personal data. The researcher
employed a number of methods to keep the participants’ identity confidential. First, the records were
highly secured through the use of password protected files. Second, the information was not recorded
in a way that could link participants identifying information with their responses. On the other hand,
anonymity was ensured by maintaining the identity of participants unknown to the researcher [51].

3.8. Reliability Test

A reliability test was conducted to assess the degree to which the adopted assessment tools
produced stable and consistent results. The study adopted an internal consistency reliability test
approach. This is a measure of reliability used by researchers to evaluate the degree to which different
test items probing the same construct produce similar results.

The reliability test for the questionnaire was done using Cronbach’s alpha which assessed the
internal consistency. This test was applied to all variables that used the Likert scales in attempt to assess
whether the scales were reliable. The analysis obtained a Cronbach’s alpha of 0.672 indicating that the
alpha coefficient was good. Hence, the test implied that adopted Likert scales in the questionnaire
were statistically reliable (Table 1).

Table 1. Reliability test results.

Reliability Statistics

Cronbach’s Alpha N of Items

0.672 9
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3.9. Validation Process

The validation process involved the collection and evaluation of the data, from the process
design stage throughout the analysis, in a manner that established scientific evidence that the adopted
process was capable of consistently delivering quality products. The current study followed a series
of activities throughout the research process to ensure that the whole process was valid. The study
adopted a prospective validation approach where documented evidence was established prior to
process implementation that a system did what it was supposed to do based on pre-planned protocols.
First, the choice of research design was made depending on the research goals and objectives. The
researcher then ensured that all the persons involved in various processes such as data collection and
data analysis were qualified. Lastly, the researcher ensured that there was a continuous monitoring of
the processes to ensure that all the activities were under control.

A further validation of the data using the SPSS was done through the identification of duplicate
identifiers (Table 2). The analysis showed that there were 64 and 136 cases without and with duplicate
identifiers. A duplicate case represented an entry that was observed more than once in the data
set. Since the questionnaire used Likert scale for a majority of the variables, it was expected that a
significant number of entries were to be duplicated. Hence, a value of 136 duplicate cases implied that
the data was valid.

Table 2. Validation process results.

Duplicate Identifiers
Group Number of Duplicates Cases with Duplicate Identifiers

Identifier

Adoption of Green
Construction Management

1 64 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
18,19,20,21,22,23,24,25 . . . No

2 136 65,66,67,68,9,70,71,72,73,74,75,76,77,78,
79,80,81,82,83,84,85,86,87,88,89 . . . Yes

Notes: For duplicate identifiers groups with more than 25 duplicates, only the first 25 cases are displayed.

4. Analysis Results and Discussions

4.1. Demographic Characteristics of the Sample

The analysis of the respondents’ gender revealed that a majority of the workers in the highway
engineering projects are males with a frequency of 130 (65.0%) while females had a frequency of 70
(35.0%) (Table 3). The results supported the global findings where literature revealed that women were
consistently underrepresented in the engineering and related fields.

Table 3. Gender distribution of the respondents.

Frequencies Percentages Valid Percentages Cumulative Percent

Male 130 65.0 65.0 65.0

Female 70 35.0 35.0 100.0

Total 200 100.0 100.0

The respondents had sufficient work experience in the highway engineering work with the
majority, 24.5% (frequency of 49), having an experience of between 5 and 7 years. Other significant
proportions had experiences of between 3 and 5 years, and between 7 and 9 years with frequencies
equal to 47 (23.5%) and 46 (23.0%) (Table 4).
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Table 4. Frequency distribution for work experience.

Frequencies Percentages Valid Percentages Cumulative Percent

Less than 3 years 29 14.5 14.5 14.5

Between 3–5 years 47 23.5 23.5 38

Between 5–7 years 49 24.5 24.5 62.5

Between 7–9 years 46 23.0 23.0 85.5

10 years and above 29 14.5 14.5 100

Total 200 100.0 100.0

The study, furthermore, made an analysis of the respondents’ age to investigate the distribution
(Figure 5). Researchers constructed a frequency histogram which produced taller bars around
the average age which was 39.13. The shape of the histogram was bell-shaped implying that the
distribution of the respondents with respect to their age was normal with a mean of 39.13 and a
standard deviation of 8.167.
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Also, the normality test produced a Shapiro–Wilk statistic equal to 0.967 with a significance value
of 0.000 < 0.05 (Table 5). Hence the null hypothesis was rejected leading to a conclusion that the sample
data was normal.

Table 5. Tests of normality.

Kolmogorov-Smirnov Shapiro-Wilk

Statistic D f Sign. Statistic D f Sig.

Age 0.071 200 0.015 0.967 200 0

The study also conducted a correlation analysis to assess whether there was an association
between work experience and age among the sampled individuals (Table 6). According to the analysis,
the study produced a Pearson’s correlation coefficient equal to 0.101 with a significance value of 0.154.
The correlation coefficient was close to 0 indicating that the association was very weak. Also, the
significance value was greater than 0.05, the set level of significance, implying that the test failed to
reject the null hypothesis of no correlation. Hence, a conclusion was made that there was no significant
correlation between work experience and respondents’ age.
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Table 6. Correlations between work experience and age.

Age Work Experience

Age
Pearson Correlation 1 0.101

Sig. (2-tailed) 0.154

N 200 200

Work experience
Pearson Correlation 0.101 1

Sig. (2-tailed) 0.154

N 200 200

4.2. The Effect of Green Construction Management on Highway Engineering

The relationship between the adoption of green construction management and the quality of
highway engineering projects was assessed using Pearson’s correlation coefficient as described in the
methodology section (Table 7). The analysis yielded a correlation coefficient equal to 0.777 with a
probability value equal to 0.000 < 0.05. Since the p-value was less than 0.05, the results implied that the
test rejected the null hypothesis of independence and led to a conclusion that the adoption of green
construction management and the quality of highway engineering projects were significantly correlated.
Moreover, the correlation coefficient was positive and close to 1, implying that the relationship was
positive and strong. Hence, it was concluded that an increase in the level of adoption of green
construction management led to an increase in the quality of the highway engineering projects.

Table 7. Correlation results between the adoption of green construction management and quality of
the highway engineering projects.

At What Level Was the Green
Construction Adopted?

Quality of the Highway
Engineering Projects

At what level was the green
construction adopted?

Pearson Correlation 1 0.777

Sign 0

N 200 200

Quality of the highway
engineering projects

Pearson Correlation 0.777 1

Sign 0

N 200 200

The above findings are similar to the findings in the previous research work. Adoption of green
construction management leads to improvement in quality of the projects [57]. The information
available in the literature showed that the impact of green construction management in the highway
engineering projects can be witnessed in the management of roads, parking and other facilities. In
modern highway design, new technologies such as intelligent construction, advanced planning, and
transport systems as well as maintenance techniques have been found to minimize the impact highways
have to the environment [58].

The analysis of the green performance contracting strategies data revealed that the most effective
strategy was material related with a frequency of 82 (41.0%) followed by equipment and energy
efficient strategies with a frequency of 68 (34.0%). Other strategies highlighted by the study included
the green life cycle and clean energy development strategies with frequencies equal to 33 (16.5%) and
17 (8.5%) respectively (Table 8).
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Table 8. Frequency distribution for green performance contracting (GPC) strategies.

Frequencies Percentages Valid Percentages Cumulative Percent

Material Related Strategies 82 41 41 41

Equipment and energy efficient strategies 68 34 34 75

Green life cycle strategies 33 16.5 16.5 91.5

Clean Energy development strategies 17 8.5 8.5 100

4.3. The Determinants of the Quality Standards for Highway Engineering Projects

The study assessed the level of influence of eight possible determinants of quality standards for
highway engineering projects namely the adoption of green construction management, financial issues,
design codes and standards, materials and equipment, human resources, coordination, planning and
scheduling, and risks. These factors were highlighted by the previous researchers, as revealed in the
literature, as having notable effects on the quality standards for highway engineering projects [52].
A linear regression model was fitted to the data gathered. The analysis yielded a computed R-value
equal to 0.880 and R-squared value of 0.775. The R-value represented the coefficient of correlation
and it implied that the eight determinants of quality standards for highway engineering projects
were strongly correlated with the quality of highway engineering projects. On the other hand, the
R-squared value represented the coefficient of multiple determination. The value suggested that the
adoption of green construction management, financial issues, design codes and standards, materials
and equipment, human resources, coordination, planning and scheduling, and risks explained 77.5%
of the variations in the quality of the highway engineering projects (Table 9).

Table 9. Summary results for the regression model.

Models R-Value R-Squared Adjusted R-Squared Standard Error

1 0.880 0.775 0.766 1.02221

The joint effect of the factors on the quality of the highway engineering projects was revealed
using an analysis of variance (ANOVA) (Table 10). According to the analysis, the computed value of
F-statistic was equal to 82.354 with a p-value of 0.000 < 0.05. Since the p-value was less than 0.05, the
test rejected the null hypothesis which stated that the joint effect was insignificant. Hence, a conclusion
was made that the joint effect of the adoption of green construction, financial issues, design codes and
standards, materials and equipment, human resources, coordination, planning and scheduling, and
risks on the quality of the highway engineering projects was significant.

Table 10. Analysis of variance (ANOVA) results.

Models Sum of Sqs. df Mean Sq. F-Value Sig.

Reg. 688.422 8 86.053 82.354 0.000 a

Res. 199.578 191 1.045

Total 888.000 199

Note: Dependent Variable: quality of the highway engineering projects. a Predictors: (Constant), risks, planning
and scheduling, At what level was the green construction adopted, human resources, design codes and standards,
materials and equipment, Financial issues, coordination.

The individual effects of the adoption of green construction management, financial issues,
design codes and standards, materials and equipment, human resources, coordination, planning
and scheduling, and risks on the quality of the highway engineering projects were assessed using the
results of the regression model’s coefficients (Table 11) [46,52]. The independent factors were selected
based on the results of the factor analysis. These factors were found to have the most significant effects
on the dependent variable.
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From the analysis, the coefficients were equal to 4.582, 0.246, −0.380, 0.363, 0.178, 0.176, −0.014,
0.146, and −0.449 for the constant, adoption of green construction management, financial issues,
design codes and standards, materials and equipment, human resources, coordination, planning and
scheduling, and risks respectively. The coefficients suggested that the equation representing the fitted
model was of the form shown below.

y = 4.582 + 0.246x1 − 0.38x2 + 0.363x3 + 0.178x4 + 0.176x5 − 0.014x6 + 0.146x7 − 0.449x8 (4)

where:
y was the quality of highway engineering projects, while x1, x2, . . . , x8 represented the adoption

of green construction management, financial issues, design codes and standards, materials and
equipment, human resources, coordination, planning and scheduling, and risks respectively.

The significance of these determinants of quality standards for the highway engineering projects
was assessed using t-statistics together with their associated probability values. The factors which
yielded significant results included the adoption of the green construction, financial issues, design
codes and standards, and various risks with t-values and respective p-values equal to 2.881 (p-value
= 0.004), −2.928 (p-value = 0.004), 2.516 (p-value = 0.013), and −3.575 (p-value = 0.000) respectively
(Table 9).

From the analysis, it was revealed that different factors affected the quality standards of the
engineering projects differently. Adoption of green construction management, design codes and
standards, material and equipment, human resources and planning and scheduling affected the quality
of engineering projects positively. Conversely, financial issues, coordination, and risks affected the
quality of the engineering projects negatively.

Table 11. Coefficient results between the model parameters and effectiveness.

Model
Unstandardized Standardized

t-stat Sign.
B Standard Error Beta

(Constant/intercept) 4.582 0.786 5.827 0.000

At what level was the green
construction management adopted 0.246 0.085 0.177 2.881 0.004

Financial issues −0.380 0.130 −0.199 −2.928 0.004

design codes and standards 0.363 0.144 0.168 2.516 0.013

materials and equipment 0.178 0.143 0.083 1.246 0.214

human resources 0.176 0.136 0.082 1.291 0.198

coordination −0.014 0.148 −0.007 −0.094 0.925

planning and scheduling 0.146 0.139 0.069 1.051 0.295

risks −0.449 0.126 −0.233 −3.575 0.000

Elements above come from Larsen, J.K. [52].

The findings revealed that there are many determinants of the quality standards for highway
engineering projects. The findings are in agreement with findings from other research work conducted
in the past. No matter what definition of quality is followed, the term becomes very complex when
researchers try to put it into actual practice since there are many factors influencing its variation [59].

These findings were partially in agreement with the information found in the available literature.
In addition to the eight factors which were considered as significant influencers of quality standards of
highway engineering projects, researchers still identified some other mediating factors. Also, according
to the available literature, the study revealed that interest-free lending has an impact on the project
bidding process for contractors willing to work with governments. The interest-free ending rates
can be used to overcome the market and financial non-profitability rates [60,61]. The insistence from
clients to assure investment returns is a huge contributor to the incentive to take up green construction
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projects [30]. The green mark certification must be established as a mandatory requirement for all new
and repair highway construction projects [62]. The issuance of subsidy schemes shall encourage a
greater number of contractors to take up green construction in highway projects [63]. Boosting the
public and market demand for green construction highway projects encourages the participation of
the public in terms of ameliorating the number of clients interested in green construction. The most
effective factors influencing the quality standards of highway engineering projects are the adoption of
green construction, financial issues, design codes and standards, materials and equipment, human
resources, coordination, planning and scheduling, and risks [46].

4.4. The Extent to which Green Construction Management Improves the Quality of Highway Engineering
Projects

All the respondents whose companies had recorded some levels of adoption of green construction
management were put under one category and the quality of their highway engineering projects
compared to that of respondents whose companies had not adopted green construction management.
The group statistics produced total observations equal to 64 and 136 for the no and yes groups,
respectively (Table 12). The means (and the standard deviations) of the quality of the engineering
projects were equal to 3.1719 (SD = 1.229) and 6.5956 (SD = 1.447) for the group that did not adopt and
that which adopted green construction management, respectively.

Table 12. Quality group statistics.

Adoption of Green
Construction Observations Means Std.

Deviations
Standard

Errors

Quality of the highway
engineering projects

No 64 3.1719 1.22869 0.15359

Yes 136 6.5956 1.44724 0.12410

The significance of the observed difference in the group statistics was assessed using independent
samples T-test (Table 13). The computed t-statistic was equal to −16.350 with a probability value
of 0.000 < 0.05. The probability value was less than 0.05, suggesting that the test rejected the null
hypothesis which stated that the difference was significant. Hence, a conclusion was made that green
construction management improved the quality of the engineering projects to a significant extent.

Table 13. Independent samples test.

Levene’s Test t-Test

F Sig. t D f Sign. Mean
Diff

Standard.
Error

95% CI

L U

Quality of the
highway engineering

projects

Equal
variances 2.084 0.150 −16.4 198 0.00 −3.42 0.209 −3.83 −3.01

Non-Equal
variances −17.3 143.56 0.00 −3.42 0.197 −3.81 −3.03

4.5. Factor Analysis

The table of communalities presented below shows how much of the variance in the variables as
accounted for by the extracted factors (Table 14). According to the analysis, the factor with the highest
accounted variance was work experience where 91.5% of its variance was accounted for while risk had
the lowest variance accounted for.
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Table 14. Communalities a variance in the variables.

Initial Extraction

Work experience 1 0.915

At what level was the green construction adopted 1 0.77

Financial issues 1 0.537

design codes and standards 1 0.612

materials and equipment 1 0.508

human resources 1 0.456

coordination 1 0.76

planning and scheduling 1 0.514

risks 1 0.55

Note: Extraction Method: Principal Component Analysis. a Only cases for which quality of the highway engineering
projects = 5 are used in the analysis phase.

The number of extracted factors whose sum equaled the number of items which were subjected
to the factor analysis was reflected using the eigenvalues. According to the analysis, the highest total
variance as described by the initial eigenvalue was 4.535 where the percentage of variance attributed
to this factor was 50.389%. The percentages of variance attributed to each factor after extraction were
equal to 50.398 and 12.084 for the first and second components, respectively (Table 15).

Table 15. Total variance explained a.

Component Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 4.535 50.389 50.389 4.535 50.389 50.389

2 1.088 12.084 62.473 1.088 12.084 62.473

3 0.941 10.45 72.923

4 0.81 9 81.923

5 0.557 6.193 88.116

6 0.379 4.213 92.329

7 0.324 3.602 95.931

8 0.199 2.215 98.146

9 0.167 1.854 100

Note: Extraction method: principal component analysis. a Only cases for which quality of the highway engineering
projects = 5 are used in the analysis phase.

The extracted values of each item under the two variables, known as loadings of the 10 variables
on the three factors extracted, are presented in the component matrix below (Table 16). The results
showed that the contribution of the factors as described by the absolute value of the loading varied
significantly. The analysis was conducted to assess whether the assertion in the literature regarding the
factors influencing the quality of highway engineering projects. Hence, while the results described in
the table below were independently computed, the findings have a relationship with those observed
in Table 11. The results supported the assertion in the literature review which led to the adoption
of a linear regression model as described in Table 11. According to the assertion, the most effective
factors influencing the quality standards of highway engineering projects are the adoption of green
construction, financial issues, design codes and standards, materials and equipment, human resources,
coordination, planning and scheduling, and risks. The elements in the table below were obtained after
the researcher replaced the codes with their respective factors as described in the SPSS variable view.
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Table 16. Component matrix a,b.

Component

1 2

Work experience −0.232 0.928

At what level was the green construction adopted 0.877 −0.008

Financial issues −0.714 0.163

design codes and standards 0.772 0.126

materials and equipment 0.672 −0.238

human resources 0.601 0.308

coordination 0.866 0.104

planning and scheduling 0.716 0.031

risks −0.728 −0.144

Note: Extraction method: principal component analysis. a 2 components extracted. b Only cases for which quality
of the highway engineering projects = 5 are used in the analysis phase.

4.6. Analysis of the Challenges of Green construction project

The analysis of the qualitative data revealed that numerous challenges are facing green
construction projects. Among the many challenges was the higher costs for green construction practices
and materials. Unlike conventional projects, green construction projects cost more during construction.
A previous study estimated the capital costs for green construction projects as within a range of
1%–25% higher than the conventional projects. The higher costs were associated with the complexity
of the designs as well as the modelling costs needed to integrate green practices into projects.

Another challenge highlighted by the qualitative analysis was the technical difficulty experienced
during the construction process. In most cases, green technologies call for complicated techniques
as well as construction processes. Failure to address such complexities leads to poor performance.
Also, complications within the design are tougher in a green construction project than they are in a
conventional project.

Other significant challenges may include risks due to different contract forms of project delivery,
approval processes being too long for new green technologies as well as recycled materials, and lack of
familiarization with green technologies.

The long-term impacts of green construction offer formidable solutions to promoting sustainability
for future generations [64]. The evidence in the study indicates that there is a difference in the quality
of highway engineering projects based on the costs incurred promoting green construction. There is a
common challenge faced by project managers when it comes to ensuring the new highway projects
meet the green construction expectations [65]. The literature review carried by this study reveals that
there are various challenges faced by contractors and project managers in their effort to promote green
construction in highways. As noted above, green construction increases the cost of production.

5. Conclusion and Recommendations

5.1. Conclusion

The study, through the data analysis and discussion presented in the previous section, was able to
achieve the set objectives. The first objective was to investigate the most effective green performance
constructing strategies. The outcome with respect to this objective suggested for strategies that would
thoroughly focus on financial issues, design codes and standards, and various risks. The second
objective was to assess the determinants of the quality standards for highway engineering projects.
The study highlighted eight determinants. The outcome regarding this objective revealed that the
adoption of green construction, financial issues, design codes and standards, materials and equipment,
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human resources, coordination, planning and scheduling, and risks explained 77.5% of the variations
in the quality of the highway engineering projects. The third objective was to investigate the extent to
which green construction management improve highway engineering projects. The results obtained
with respect to this objective suggested that the quality of highway engineering projects was expected
to improve by 0.246 units for a unit change in the adoption of green construction.

The study revealed that the adoption of green construction management and the quality of
highway engineering projects were significantly correlated with a correlation coefficient of 0.777.
Hence, it was concluded that an increase in the level of adoption of green construction management
led to an increase in the quality of the highway engineering projects. Material related and equipment
and energy efficiency green performance contracting strategies were considered the most effective
strategies for improving the impact of green construction management on the quality of highway
engineering projects.

Also, when jointly assessed, the determinants of the quality standards for highway engineering
projects had significant effects. However, when assessed individually, different factors were found
to affect the quality standards of the highway engineering projects differently. The factors which
yielded significant results included the adoption of green construction management, financial issues,
design codes and standards, and various risks. Furthermore, the adoption of green construction
management, design codes and standards, material and equipment, human resources and planning
and scheduling affected the quality of engineering projects positively. Conversely, financial issues,
coordination, and risks affected the quality of the engineering projects negatively. According to the
available literature, the study revealed that interest-free lending has an impact on the project bidding
process for contractors willing to work with the governments. The interest-free ending rates can
be used to overcome the market and financial non-profitability rates. The insistence of clients to
assure investment returns is a huge contributor to the incentive to take up green construction projects.
The green mark certification must be established as a mandatory requirement for all new and repair
highway construction projects.

Furthermore, according to the analysis, the group of respondents who used green construction
management produced significantly higher mean quality levels for the highway engineering projects
than the group that did not apply green construction management. The aforementioned strategies
are crucial in reducing the high implementation cost of green practices. The issuance of subsidy
schemes shall encourage a greater number of contractors to take up green construction management in
highway projects. Boosting the public and market demand for green construction highway projects
encourages the participation of the public in terms of ameliorating the number of clients interested in
green construction management.

The long-term impacts of green construction projects offer formidable solutions to promoting
sustainability for future generations. The evidence in the study indicates that there is a difference in
the quality of highway engineering projects based on the costs incurred promoting green construction
management. There is a common challenge faced by project managers when it comes to ensuring the
new highway projects meet green construction project expectations. The literature review carried out
by this study reveals that there are various challenges faced by contractors and project managers in their
effort to promote green construction in highways. As noted above, green construction management
increases the cost of production.

5.2. Recommendations

Stakeholders in the highway engineering projects are recommended to use green construction
management so as to improve the quality of their projects. However, recommendations over the
use of green construction management of highway construction projects require an adjustment
in the budget and the scheduling depending on the level of innovation involved. The use of
green construction techniques requires high implementation strategies and thus increases the time
and scheduling processes incorporated in the design and realization process. To start with, it is
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important that the timing and the scheduling process in green construction management are treated
with utmost specificity as compared to other forms of highway construction. The use of green
construction in highway engineering projects decreases the number of new clients bidding for highway
construction jobs.

Second, green construction management requires collaborative efforts among all members of the
team [66]. The lack of credible research regarding this issue limits the interaction among the team
members this making it difficult for the managers of green construction projects [67].

Third, it is recommendable that the contractors are not discouraged from using green construction
management as it involves higher scheduling targets and heightened budgets. The introduction of
green construction management techniques has been rejected as compared to the reception offered to
traditional construction techniques.

Fourth, integrating the research findings from empirical and theoretical evidence with actual
evidence on the ground, aids in developing much more sustainable projects for future generations.
Evidently, a much stricter environmental assessment is to be done to single out green construction and
this is thus more likely to offer alternatives on alleviating the negative impacts of green construction.

With regards to the shortcomings of the study and the direction in which it can continue to study
in the future, it is advisable that the scale of analysis is expanded to account for the difference in the
level of development across different societies. In essence, a great proportion of green construction
projects on highways is conducted in societies that are already developed. Developed countries
are more equipped with high technology and high innovation indices that are necessary for green
construction project in highway projects.

Another shortcoming in this study is its limitation to the green construction management
as opposed to offering a comparative standpoint against conventional construction projects. A
comparative analysis requires much more input. However, the aforementioned analysis requires
much time and resources. It is imperative that future projects regarding the issue account for the
evident comparative differences.
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