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Developing sustainable transport infrastructure is a critical challenge in emerging
economies. This study examines how green transport policy effectiveness and investment
in green transport infrastructure contribute to sustainable transport infrastructure
development in Iraq through environmentally sustainable practices and technological
advancements in transport. Data were collected from 272 transport managers, engineers,
and sector experts and analyzed using partial least squares structural equation modeling
(PLS-SEM). Statistical tests of reliability, convergent validity, discriminant validity, model
fit, predictive relevance, and hypothesis testing were applied. Findings indicate that green
transport policy effectiveness and investment significantly enhance environmentally
sustainable practices, which subsequently promote technological advancement in transport.
Both environmentally sustainable practices and technological advancements were found to
positively influence sustainable transport infrastructure development. The results further
support significant sequential mediation effects, demonstrating that environmentally
sustainable practices and technological advancements jointly transmit the effects of policy
effectiveness and investment on sustainable infrastructure outcomes. In addition, digital
infrastructure readiness strengthens the relationship between technological advancement
and sustainable transportation infrastructure development. This study contributes to the
sustainable transportation literature by validating a comprehensive mediated—moderated
framework in an emerging economy and providing practical guidance for aligning policy
initiatives, investment decisions, and technological innovation to achieve sustainable
transport development.

Keywords: Digital Infrastructure Readiness, Environmentally Sustainable Practices, Green Transport Investment, Green
Transport Policy Effectiveness, Sustainable Transport Infrastructure Development, Technological Advancement in Transport.

1. Introduction

various concepts and technologies designed to diminish the
environmental impacts of transport and enhance the economic,

The transportation sector is one of the most significant
contributors to pollution and environmental degradation
through its core activities. Din et al. [1] emphasized that the
transportation sector worldwide needs to consider developing
sustainability through modern strategies and technologies. The
current situation of environmental destruction and climate
change across the globe requires a significant shift to
sustainable transportation, making it essential to develop and
adopt green transport systems, as conventional forms of
transportation derived from fossil energy are significant
contributors to environmental destruction, resource depletion,
and climate change [2]. The term green transport encompasses
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social, environmental, and personal welfare associated with the
system [2], [3]. Hence, Bhattacharya et al. [4] emphasized that
the contemporary world strongly demands the sustainable
development of transportation infrastructure.

The transport sector in Iraq faces significant operational and
sustainability challenges owing to inefficiencies in the existing
transport systems and infrastructure. Given the conventional
transportation plans and modes, this sector is considered a
major source of environmental destruction in the country and
region [5], [6]. Abdulwahab et al. [7] suggested that
appropriate governance and decision-making are crucial to the
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sustainable development of the transportation sector of Iraq;
therefore, there is an intense need to come up with effective
policies for the transport sector of Iraq to promote green
transportation and sustainable practices to improve overall
sustainable development of the transport infrastructure. Given
the growing need to develop sustainable transport
infrastructure, transportation companies and policymakers
worldwide are seeking ways to control the sector's
environmental impact and mitigate the climate change it causes.

According to the United Nations [8], the sector and economic
development are directly linked to overall infrastructure
development; therefore, appropriate approaches and
governance should be identified to guide sustainable transport
infrastructure development (STID). However, the existing
literature provides a very limited understanding of the factors
determining STID, especially in an emerging economy like
Irag. Kottala et al. [2] emphasize that STID requires a
comprehensive approach, including social, economic, and
environmental goals. For instance, environmental goals include
diminishing emissions, improving climate, and preserving
natural resources through sustainable transport infrastructure,
whereas social goals include enhancing social equity and access
in transportation [9]. Despite growing interest in sustainable
transportation, a clear gap remains in the literature regarding the
integration of these goals, as most prior studies focus on a single
goal (e.g., environmental or social) while ignoring their
interactions. Rehman et al. [10] and Kottala et al. [2]
emphasized that a more synchronized approach is needed to
understand the intricacy of these interactions.

Although the topic of sustainable transport has increased in
focus, there are still gaps in the literature. Previous research has
focused on the determinants of STID one by one, and little has
been done to consider how the effectiveness of green transport
policy (GTPE) and investment in green transport infrastructure
(IGTI) lead to sustainable outcomes. The sequential
contribution of environmentally sustainable practices (PESP)
and technological developments in transport (TAT) is not well
explored, particularly in emerging economies. Furthermore,
there is limited research on the conditional role of digital
infrastructure readiness (DIR) in enhancing the impact of
technological progress on STID. Therefore, the purpose of this
study is to investigate the mediating effect of PESP and TAT
between GTPE and IGTI on STID. This study also examines if
DIR enhances the relationship between TAT and STID.

The novelty of this study lies in the integration of policy
effectiveness, green investment, sustainability practices,
technological advancement, and digital readiness into a single
mediated—moderated framework. Unlike prior studies that have
primarily examined isolated relationships among policy,
investment, sustainability practices, technological
advancement, and sustainable infrastructure outcomes, this
study adopts a process-based perspective by examining the
sequential mechanisms through which policy effectiveness and
green investment contribute to sustainable transport
infrastructure development.

This study contributes to the literature in three main ways. First,
it extends the understanding of sustainable transport
infrastructure development by explaining the sequential

pathways linking policy effectiveness and green investment to
sustainable results. Second, it enriches stakeholder theory and
the diffusion of innovation theory by explaining how policy
effectiveness, investment, sustainability practices, and
technological advancement jointly contribute to sustainable
transport infrastructure development in an emerging economy
context. Third, it offers practical insights for policymakers and
transport sector stakeholders seeking to align policy initiatives,
investment  strategies,  sustainability = practices, and
technological innovations to accelerate sustainable transport
infrastructure development.

The remainder of the manuscript is organized as follows. The
next section reviews the relevant literature and develops the
hypotheses.  Subsequently, the methodology, results,
discussion, and conclusion sections are presented.

2. Literature Review

Stakeholder theory suggests that companies must address the
concerns of all stakeholders to create value [11], [12]. Transport
companies should avoid unsustainable effects, such as air
pollution and climate change, by monitoring and improving
their sustainable development and creating value for all
stakeholders [11]. According to Din et al. [1], the transportation
industry is a key contributor to global warming and greenhouse
gas emissions. Therefore, scholars such as Stiebe [13] and
Kottala et al. [2] have emphasized that transportation should be
made more sustainable to lessen the social costs and
environmental impacts of the existing transportation system.
According to Stiebe [13], this can be achieved with the
assistance of policies and technologies such as autonomous
vehicles, integrated urban policy, ITS solutions, and other
technological advancements that can significantly enhance
STID.

2.1. GTPE and PESP

Stiebe [13] suggested that policies are a great way to promote
sustainable transport practices. The literature provides grounds
to argue that well-designed green transport policies such as
emission regulations, low-carbon initiatives, and other green
transport schemes can considerably promote sustainable
transport behaviors and practices. For example, Sun [14]
suggested that green transport policies significantly reduce
carbon emissions, indicating their role in promoting
environmental sustainability. A review by Shah et al [15]
suggests that effective green transport policy can lead
stakeholders to adopt different sustainable practices, such as
using optimized logistics systems, shifting transport modes,
using unconventional transportation methods, and using
substitute fuels in order to comply with green transport policy.
Shokoohyar et al. [16] also emphasized through their review of
case studies that regulatory frameworks such as green transport
policy tend to improve responsible transport consumption.
However, the policy should not only be well-designed but also
well-enforced in order to be fully effective and to achieve
sustainability outcomes [17]. This means that GTPE can play a
crucial role in promoting sustainable transport practices. For
instance, rewarding people for adopting eco-friendly modes of
transport can promote the use of sustainable practices in the
sector [18], [19]. However, the literature provides no further
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empirical explanation of the role played by GTPE in
determining PESP, thus raising the need to assess this possible
nexus.

H1: GTPE significantly positively influences PESP.
2.2. IGTI and PESP

IGTI plays a crucial role in promoting sustainable practices in
the transport sector by supporting low-carbon transportation
and diminishing environmental impacts. Literature suggests
that investment in green transport systems such as electric
vehicles or zero-emission transport infrastructure can
considerably promote shifts from conventional transportation
towards sustainable mobility behavior [20], [21]. Insights from
IEA [22] suggest that investment in green transport systems can
facilitate the adoption of sustainable practices and clean
technologies. Rogaczewski and Ejdys [23] suggest that such
investments not only generate environmental benefits but also
produce various socio-economic outcomes such as better public
health, improved air quality, and reduced traffic congestion.
Song et al. [24] reveal that green investments in the transport
system can considerably accelerate sustainable practices and
lessen environmental impacts. However, very few past studies
have attempted to evaluate the direct impact of IGTI on PESP
empirically. Kottala et al. [2] found an interconnection between
IGTI and PESP in their structural equation modeling, but the
explanation of this nexus still remained limited, thus raising the
need to analyze the impact of IGTI on PESP particularly. The
current study therefore hypothesizes that:

H2: IGTI significantly positively influences PESP.
2.3. PESP and TAT

Sustainable practices considerably accelerate technological
advancements in transportation (TAT) so that sustainable
outcomes targeted by those practices could be realized. Wang
et al. [25] suggested that sustainable practices and initiatives
create substantial pressure for innovation through which those
sustainable practices could be better practiced. It encourages the
development of modern transport technologies. Fatorachian et
al. [26] suggest that sustainable transportation requires the
application of advanced digital as well as smart technologies
such as big data analytics and artificial intelligence (AI)
because such technologies can allow organizations to promote
operational efficiency and control emissions. Liu et al. [27]
emphasize that sustainable practices motivate a shift towards
substitute fuels, energy-efficient transportation, and intelligent
transport infrastructure, thereby encouraging TAT. This means
that PESP can considerably lead towards TAT, as sustainable
initiatives tend to cause continuous innovation and
advancement of technologies, allowing better realization of
sustainable goals.

A number of researchers emphasized that Industry 4.0
technologies and sustainable transportation have a close linkage
with each other, as advancement of technologies is crucially
needed for successful application of sustainable transportation
projects [28]-[31]. Kottala et al.[2] also found an
interconnection between PESP and TAT in their structural
equation modeling. However, they did not explain how PESP
can lead to TAT. Hence, the literature provides enough grounds

to claim that PESP can foster TAT by matching sustainable
objectives with digital transformation and innovation in the
system. However, most of the prior research focused on the
crucial role of technological advancement in promoting
sustainable transportation, while the particular effect of PESP
on TAT has been rarely explained, particularly in the context of
an emerging economy like Iraq, where there is already limited
TAT. The current study, therefore, seeks to evaluate this nexus
by hypothesizing that:

H3: PESP significantly positively influences TAT.
2.4. PESP and STID

Besides promoting technological advancement, PESP also
drives the development of sustainable transport infrastructure
because scholars suggest that integration of social, economic,
and environmental sustainability concerns into transport
planning and practices allows for improving the sustainable
development of transport infrastructure [32]-[35]. Promoting
sustainable practices, such as using resource-efficient materials
or adopting emission-control methods, can support transport
infrastructure development in ways that better mitigate
environmental impacts and optimize social benefits [36].
Researchers such as Alanazi and Alenezi [37] suggest that
sustainable practices encourage transport organizations to
incorporate innovative design and smart technologies for
enhancing the transport infrastructure. These practices help
develop the transport infrastructure in such a way that it can
better address sustainability concerns through resilient and
environmentally friendly networks. Liu et al. [27] also
advocate the crucial role of sustainable planning and practice in
improving governance, performance, and stakeholder
collaboration in the transport system, thereby escalating STID.
Despite the literature providing grounds to argue the positive
contribution of sustainable practices towards STID, particular
empirical studies explaining the impact of PESP on STID are
still rare, as the literature does not provide any further empirical
evidence on this nexus. The current study seeks to shorten this
gap in the literature by hypothesizing that:

HA4: PESP significantly positively influences STID.
2.5. TAT and STID

TAT helps strengthen the sustainable development of transport
infrastructure by improving flexibility, efficiency, and diffusion
of innovations into the system [38], [39]. It is evident from the
literature that incorporating digital and smart technologies such
as Al or big data analytics facilitates better infrastructure
planning, management, and maintenance that contribute to the
realization of better sustainable outcomes [40]-[42]. According
to Abbasnejad et al. [31], advanced technologies integrated into
transportation systems enable intelligent management and
monitoring of transport infrastructure while optimizing energy
and resource utilization and diminishing environmental
impacts. Furthermore, Hasheminezhad et al. [43] indicate that
technological advancements related to materials and
engineering allow reducing carbon emissions, preserving
energy and resources, and enhancing infrastructure strength.
Similarly, Li et al. [44] also support the view that TAT,
including digital transformation, can boost the resilience and
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sustainability of the transport system through reduction of
congestion and improvement of transport efficiency. Hence, the
literature suggests that TAT acts as the predictor of STID.

H5: TAT significantly positively influences STID.
2.6. Mediating Roles of PESP and TAT

The review of literature in section 2.1 indicates that GTPE can
result in PESP in transportation as a number of researchers
posited that sustainable practices could be promoted through
effective public policies and governance, e.g., Stiebe [13], Sun
[14], Shah et al. [15], Shokoohyar et al. [16], Mateu and Sanz
[19], and Hsu and Chen [18]. Like GTPE, IGTI also leads
towards PESP in transportation (see section 2.2) because
multiple researchers support the viewpoint that investment in
green transport systems enhances the adoption of sustainable
practices, e.g., [2], [20], [21], [24]. Being the outcome of each
of GTPE and IGTI, PESP in turn tends to enhance TAT as well
as STID. The discussion of literature in section 2.3 indicates
that sustainable practices facilitate the application and
advancement of digital as well as smart technologies in
transportation, such as big data analytics and artificial
intelligence (Al), in order to effectively realize their sustainable
goals [25], [27]-[31]. Similarly, the review of literature in
section 2.4 indicated that sustainable practices result in the
development of sustainable transport infrastructure, as several
supportive arguments are found in the literature that advocate
the positive contribution of PESP towards STID [27], [32]-[37].
This means that PESP can mediate the paths between GTPE and
TAT and between IGTI and TAT. However, past studies never
attempted to explain how PESP can play a possible intervening
role between GTPE or IGTI and TAT.

TAT resulting from PESP, in turn, improves STID, as the
discussion of the literature in section 2.5 indicates that multiple
researchers supported the positive contribution of technological
advancements and digitalization towards the sustainable
transport system, e.g., [31], [40]-[43]. This means that GTPE
leads to PESP, which promotes TAT, while the resulting TAT
determines STID, thus indicating the possible sequential
mediating roles played by PESP and TAT in the path from
GTPE to STID. Similarly, IGTI also leads towards PESP,
which promotes TAT, while TAT in turn determines STID, thus
revealing the possible serial mediating roles played by PESP
and TAT in the path from IGTI to STID. Nonetheless, these
possible mediating chains have never been explained by prior
studies, thereby creating a void in the existing literature. The
present research seeks to examine these chains of mediation in
order to shorten the existing void in the literature through the
assessment of the following hypotheses:

H6: PESP and TAT significantly sequentially mediate the
relationship between GTPE and STID.

H7: PESP and TAT significantly sequentially mediate the
relationship between IGTI and STID.

2.7. Moderating Role of DIR between TAT and STID

DIR refers to the extent to which the organization, sector, or
country possesses the essential digital systems, capabilities, and
technologies needed to appropriately adopt and use advanced

technologies [45]. DIR entails great importance in the process
of STID, as the existing literature provides insights that the
successful integration of technological advancements into
transport infrastructure to enhance its sustainable development
relies on the degree of digital readiness [40], [46], [47]. This
means that technological advancements such as Al, big data
analytics, and IoT can produce better STID outcomes if the
system has a higher level of DIR, such as ICT capability,
network capability, and other institutional capabilities. Alanazi
and Alenezi [41] suggest that high digital readiness facilitates
effective incorporation of new technologies into infrastructure,
thereby enhancing real-time supervision, management, and
resource optimization. Philipp [48] revealed that digital
readiness promotes sustainability outcomes such as smart port
development. Furthermore, Liu et al. [49] also supported the
crucial role of digital infrastructure readiness in producing
sustainability outcomes, as they suggest that weak DIR and
limited technical capacity can act as barriers to developing
sustainable transport infrastructure. Hence, the crucial role of
DIR in the way of STID is though evident from the literature,
but the particular moderating effect of DIR on the relationship
between TAT and STID has not been explained efficiently in
the literature. Thus, the study hypothesizes that:

HS: DIR significantly amplifies the impact of TAT on STID.
Fig. 1 depicts the conceptual framework of the study.

Green Promotion of Sustainable
Transport > Environmentally Transport
Policy Sustainable Infrastructure
Effectiveness Practices (PESP) Development
(GTPE) (STID)
Investment in
Green Technological
Transport Advancement
Infrastructure in
(IGTI) Transportation Digital
(TAT) Infrastructure
Readiness
(DIR)

Figure 1. Conceptual framework of the study.
3. Material and Methods
3.1. Research Design

This study adopted a quantitative research approach to examine
the hypothesized relationships among the study variables. To
explain the sequential mediation mechanisms linking GTPE
and IGTI to STID within the Iraqi transport sector, an
explanatory research design was employed. Data were collected
in two waves to reduce the potential risk of common method
bias. At the first stage, the data were collected at Time 1 (T1),
and then the data were collected at Time 2 (T2), with a time lag
of six weeks between the two waves. The hypothesized
relationships were tested using partial least squares structural
equation modeling (PLS-SEM), which is appropriate for
examining complex relationships involving direct, mediating,
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and moderating effects while simultaneously assessing the
explanatory power of the proposed research model.

3.2. Population and Sample

The transportation sector of Iraq was the key target of the study
to evaluate the process of attaining STID from GTPE and IGTI.
Given the ongoing challenges of climate change and
environmental destruction caused by the transport sector in Iraq
and its developing transport infrastructure, there exists a need
to find key ways through which STID in Iraq could be enhanced
[5], [7]. Therefore, the transport sector of Iraq is selected as the
unit of analysis. Given the purpose of the study to evaluate the
role of GTPE and IGTI in determining PESP and the ultimate
process of developing STID through them, the current study
targets the transport sector of Iraq to collect data about them.
The population of the research consisted of managers, experts,
administrators, and infrastructure engineers in the transport
sector of Iraq, depending on the type of data needed from them.
As the variables studied relate to different fields of transport, a
purposive sampling technique was used to select the sample
participants for the study. For instance, the information related
to GTPE and IGTI could better be provided by senior transport
managers, municipal  planners, and infrastructure
administrators, so they were selected as sample participants for
collecting the data about GTPE and IGTI. The information
related to PESP, TAT, DIR, and STID can better come from
technical transport officers, ITS managers, and infrastructure
engineers, so they were selected as sample participants for
collecting the data about PESP, TAT, DIR, and STID. The
required sample size was determined using both the 10-times
rule and a priori power analysis conducted in G*Power 3.1.
Following recommendations for PLS-SEM, the maximum
number of predictors directed at a single endogenous construct
in the proposed model was three. Using a medium effect size (£
= 0.15), a significance level of 0.05, statistical power of 0.95,
and three predictors, the G*Power analysis indicated a
minimum required sample size of 119 respondents. Therefore,
the final sample of 272 valid responses substantially exceeded
the recommended threshold, indicating adequate statistical
power and supporting the robustness of the study findings.

3.3. Research Instrument

The present study employed a survey-based research design
within the transport sector of Iraq. This questionnaire was
designed by drawing and adapting validated measurement
scales for each variable that were previously used by
researchers. To measure GTPE, four items were adapted from
the study of Kottala et al. [2]. IGTT was measured using four
items, PESP was measured using five items, and TAT was
measured using four items, each adapted from Kottala et al. [2].
To evaluate the construct of STID, seven items were adopted
from Bhattacharya et al. [4], while four items used to measure
DIR were adapted from Aldhi et al. [50]. All the latent variables
were measured using a five-point Likert scale. The adopted
measurement scales were reviewed and contextually adapted to
ensure their relevance and applicability to the Iraqi transport
sector. Minor wording modifications were made where
necessary to improve clarity and contextual appropriateness
while preserving the original meaning of the items. Table 1

presents the operational definitions of the constructs used in this
study and their respective roles in the proposed research model.

Table 1. Operational Definitions of the Constructs.

Construct Operational Definition Position
The extent to which
transportation policies,
Green transport  regulations, and enforcement
policy mechanisms effectively enhance  Independent
effectiveness an environmentally sustainable Variable
(GTPE) transport  system, diminish
emissions, and facilitate green
transport objectives [14], [16].
The provision of physical,
Investment in monetary, and institutional
green transport  resources towards a low-carbon  Independent
infrastructure and environmentally sustainable Variable
(IGTI) transport system [20], [21].

Promoting the implementation

Promotion of ; . .
of operational practices in the

env1r_onmentally sector that curtail environmental . .
sustainable . . 1%t Mediator
ractices impacts and enhance sustainable

p transport implementation [18],
(PESP) [19].

The extent to which innovative
Technological and modern transport ond
advancement in  technologies are implemented to Mediator
transport (TAT)  encourage a sustainable

transport system [26], [28], [31].

The degree to which the digital
Digital infrastructure of the transport
i f‘créas tructure system is ready and sufficiently Moderator
readiness (DIR) capable of supporting

innovative transport

technologies and practices [45].
Sustainable The long-rt}n development of
transport transport  infrastructure  that
n fraftmc —_— concurrently boosts economic  Dependent
development efficiency, environmental Variable
(STID) performance, and social

inclusion [2], [9], [10].

3.4. Data Collection Procedure

To collect data from participants, questionnaires were sent to
targeted senior transport managers, municipal planners,
infrastructure administrators, technical transport officers, ITS
managers, and infrastructure engineers through online channels
such as e-mail or LinkedIn business links. Once the data was
selected at T1, the data was collected six weeks later (i.e., T2)
to complete two rounds of data collection. See Appendix A for
the full details of respondents’ profiles.

3.5. Ethical Considerations

Major ethical standards of research were taken under close
consideration while performing this study. Researchers
obtained informed consent from participants to ensure that they
voluntarily participated in the research and were fully aware of
the purpose of the research. The data collected from
respondents was kept fully confidential, and it was not disclosed
to any third party. Researchers used their data in the form of
unidentifiable responses to produce quantifiable results and
presented them without revealing the identity of respondents.
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3.6. Data Analysis

Researchers performed PLS-SEM to evaluate the studied paths
through SmartPLS. The significance of the structural model
relationships was assessed using a bootstrapping procedure
with 10,000 subsamples in SmartPLS 4. A one-tailed test was
applied at a 5% significance level. The percentile bootstrap
method was used to generate confidence intervals for
evaluating the significance of direct, indirect, and moderating
effects. To CMB, the marker variable technique recommended
by Lindell and Whitney [51] was employed (see Appendix B).
The results show that the relationships between the marker
variable and the endogenous constructs were statistically non-
significant (p > 0.05), indicating that the marker variable did
not systematically influence the study variables. These findings
suggest that the marker variable did not share substantial
variance with the substantive constructs, further indicating that
CMB is unlikely to have materially affected the study results.
In addition, the full collinearity assessment revealed that all
variance inflation factor (VIF) values ranged from 1.000 to
1.216, i.e., far below the recommended threshold of 3.3

proposed by Kock [52]. Collectively, these findings indicate
that common method bias is unlikely to threaten the validity of
the study’s results.

4. Results

Before applying PLS-SEM, normality of the data was assessed
by computing descriptive statistics (see Table 2). Six latent
constructs made up the studied model, i.e., GTPE, IGTI, PESP,
TAT, STID, and DIR. Table 2 indicates that the mean value of
each measurement item of all variables remained within 1-5
(i.e., normal range), thereby showing that there were no outliers
in the data. Loadings against each factor (except DIR2 and
GTPE2) of the measurement model were>0.5, indicating that
each studied construct had an adequate connection with the
respective factor. Both DIR2 and GTPE2 were removed during
the measurement model analysis to enhance the convergent
validity and overall quality of the measurement model, as they
both exhibited factor loadings below the recommended
threshold. Hence, there was no issue of multicollinearity left in
the data [53].

Table 2. Loadings, Reliability, and Convergent Validity.

Construct Item Loading Cronbach’sa rho A Composite Reliability AVE
DIR DIR1 0.759 0.729 0.840 0.832 0.623
DIR3 0.741
DIR4 0.863
GTPE GTPEL1 0.901 0.872 0.874 0.921 0.796
GTPE3 0.903
GTPE4 0.872
IGTI IGTII 0.759 0.857 0.864 0.904 0.702
IGTI2 0.860
IGTI3 0.875
IGTI4 0.852
PESP PESP1 0.758 0.853 0.854 0.894 0.629
PESP2 0.780
PESP3 0.830
PESP4 0.798
PESP5 0.798
STID STID1 0.849 0.930 0.932 0.943 0.704
STID2 0.829
STID3 0.803
STID4 0.867
STIDS 0.876
STID6 0.865
STID7 0.781
TAT TATI1 0.856 0.874 0.886 0914 0.726
TAT2 0.893
TAT3 0.874
TAT4 0.780

*Source: Developed by the authors
4.1. Reliability of Results

Reliability of current results was ensured by assessing indices
of internal consistency, convergent and discriminant validity,
model robustness, and predictive relevance. To evaluate the
reliability of constructs, indices of internal consistency
including Cronbach’s Alpha, Composite Reliability (CR), and
rho A were computed. The decision about the reliability of
each construct was made based on CR, which is an unbiased
and more accurate indicator of reliability as compared to

Cronbach’s alpha. CR against each construct was >0.7 (see
Table 2), which suggested that each of the six studied constructs
has good reliability, as it was accurately measured by its
respective items [51]. This means that the items used to measure
each construct efficiently measured the respective variable.

Besides reliability assessment, researchers also evaluated the
convergent validity of variables by computing AVE, as reported
in Table 2. Hair et al. [53] suggested that AVE should exceed
0.5 to affirm the convergent validity of the variable; therefore,
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it was found that all constructs in the study showed adequate
convergent validity. This is because AVE against each of the
six variables exceeded 0.5 (e.g., 0.7 for STID), thereby
affirming that the measurement items of each construct were
strongly linked to the respective construct. To assess the
discriminant validity of constructs, researchers applied the
“heterotrait-monotrait ratio of correlations” (HTMT) criteria,
the results of which are presented in Table 3. HTMT of each
variable against all other five variables stayed within the
threshold, i.e., <0.85. This means that no correlation of a
particular variable with any other variable exceeded its
correlation with itself, thus affirming the discriminant validity
of each of the six variables [51]. Additionally, cross-loading
analysis was conducted to further confirm discriminant validity.
As presented in Appendix C, all measurement indicators
exhibited higher loadings on their respective constructs
compared with other constructs, confirming adequate
discriminant validity

Table 3. Discriminant Validity (HTMT).

DIR GTPE IGTI PESP STID TAT
DIR -
GTPE 0.367 -
IGTI  0.141 0.354 -
PESP 0.256 0.466 0.525 -
STID 0.171 0.412 0463 0.613 -
TAT 0301 0276 0345 0.441 0.375 -

*Source: Developed by the authors

To further assess the structural model, the authors examined
model fit, explanatory power, and predictive performance, as
reported in Table 4.

Table 4. Model Fit, Predictive Assessment, and Explained Variance.

Construct Q?predict RMSE MAE R? Adjusted R? SRMR NFI
PESP 0.265 0.863 0.694 0.284 0.279 0.067 0.785
TAT 0.091 0.958 0.817 0.146 0.143
STID 0.181 0.909 0.754 0.343 0.333

*Source: Developed by authors

The R? values for PESP, TAT, and STID were 0.284, 0.146, and
0.343, respectively, while their adjusted R? values were 0.279,
0.143, and 0.333. These results indicate that the model explains
28.4%, 14.6%, and 34.3% of the variance in the respective
endogenous constructs. The standardized root mean square
residual (SRMR = 0.067) was below the recommended
threshold of 0.08, indicating satisfactory approximate model fit.
However, the normed fit index (NFI = 0.785) remained below
the commonly referenced threshold of 0.90, suggesting that the
fit evidence should be interpreted cautiously. The Q?predict
values for PESP (0.265), TAT (0.091), and STID (0.181) were
all positive, indicating predictive relevance for the endogenous
constructs [54].

4.2. Hypotheses Testing

After establishing the reliability and validity of the
measurement model, the structural model was assessed using
PLS-SEM. As presented in Table 5, GTPE exerted a significant
positive effect on PESP (§ = 0.298, p < 0.001), supporting H1.
Similarly, IGTI positively influenced PESP (B = 0.361, p <
0.001), providing support for H2. The results further indicated
that PESP had a significant positive effect on TAT (f = 0.383,
p <0.001), thereby supporting H3. In addition, PESP was found
to positively influence STID (B = 0.491, p < 0.001), supporting
H4. The relationship between TAT and STID was also positive
and significant (B =0.161, p = 0.003), confirming HS5.

Table 5. Structural Model and Hypothesis Testing Results.

Hypothesis Relationship B t-value p-value 95% CI f Result
H1 GTPE — PESP 0.298 5.054 0.000 0.194-0.389 0.112 Supported
H2 IGTI — PESP 0.361 5.747 0.000 0.257-0.462 0.165 Supported
H3 PESP — TAT 0.383 6.375 0.000 0.269-0.470 0.172 Supported
H4 PESP — STID 0.491 9.205 0.000 0.400-0.575 0.305 Supported
H5 TAT — STID 0.161 2.760 0.003 0.066-0.259 0.032 Supported

GTPE — PESP — TAT
H6 ., STID 0.018 2.058 0.020 0.007-0.037 — Supported
IGTI — PESP — TAT
H7 — STID 0.022 2.004 0.023 0.008-0.045 — Supported
HS8 DIR x TAT — STID 0.108 1.974 0.024 0.024-0.198 0.022 Supported

*Source: Developed by the authors

Regarding the indirect effects, the results revealed significant
sequential mediation through PESP and TAT. Specifically, the
indirect effect of GTPE on STID through the sequential
pathway of PESP and TAT was significant (p = 0.018, p =
0.020), supporting H6. Likewise, the sequential indirect effect
of IGTI on STID through PESP and TAT was significant (f =
0.022, p = 0.023), providing support for H7. These findings

suggest that both policy effectiveness and green investment
contribute to sustainable transport infrastructure development
through a process involving sustainable practices and
technological advancement. Furthermore, DIR significantly
moderated the relationship between TAT and STID ( =0.108,
p = 0.024), indicating that higher levels of digital infrastructure
readiness strengthen the positive influence of technological
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advancement on sustainable transport infrastructure
development. Lastly, the effect size assessment (f?) indicated
that the relationships in the structural model ranged from small
to moderate effects. According to Cohen’s criteria, the effect
sizes for the hypothesized relationships were mostly moderate,
with the strongest contribution observed for PESP in explaining

GTPE

STID (f* = 0.305). Other relationships demonstrated small to
moderate practical effects, while the moderation effect of DIR
showed a small effect size (f2 = 0.022). Accordingly, H8 was
supported. Fig. 2 illustrates the structural model and the
estimated relationships among the study constructs.

0.298 (0.000)

[TaT1 ] [TAT2 ] [TAT3] [TAT4 ]

PESP3 «

0284 0.383 (0.000)

0.361(0.000)

TAT

0.491(0.000)

0.108 (0.024)

0.161(0.003)

Figure 2. Structural Model Assessment.

Assessment of the moderating influence of DIR on the
association between TAT and STID revealed that the presence
of DIR significantly amplified the positive effect of TAT on
STID (p-value<0.05). It posited that DIR acts as a significant
moderator in the association between TAT and STID. We also
evaluated each variable in terms of the extent to which it was
linked to STID and how transport organizations in Iraq are
currently performing in the area of that construct. Fig. 3 shows
importance-performance map analysis (IPMA), which
indicated that PESP entails the highest importance for attaining
STID, but its performance has not been fully realized in the
transport sector of Iraq. Furthermore, GTPE, though having
moderate importance in attaining STID, has been better
realized, showing higher performance in the sector. IPMA
indicates that the transport sector in Iraq needs to improve its
performance in terms of PESP, as it can serve as the best way
of boosting STID.

Importance-performance map
100 4
90 4
80
70 A
60 ® ( ]
504 @ L
40 4
304
204
10 4

Performance

vvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Importance (Total effects)
® DR GTPE @ IGIT @ PESP @ TAT

Figure 3. Importance-Performance Map.

5. Discussion of Results

The current study found that GTPE in Iraq serves as a
significant antecedent of PESP. H1 of the study was confirmed,
which indicated that the transport sector of Iraq should focus on
GTPE in order to promote sustainable practices in the sector.
These findings are consistent with viewpoints of various prior
studies such as Stiebe [13], Sun [14], Shahet al. [15],
Shokoohyar et al. [16], Mateu and Sanz [19], and Hsu and Chen
[18] because these researchers also somehow advocated the
positive contribution of policy and governance towards
sustainable practices. Results of the study further posited that
IGTI acts as a significant determinant of PESP, thereby
confirming H2. Based on these findings, it was concluded that
improving IGTI in Iraq can result in better PESP. It is also
aligned with past studies supporting the positive role of
investment in green transport towards PESP, e.g., [2], [20],
[21], [24]. In a developing transport system, regulatory support
alone may be insufficient without adequate investment, while
investment initiatives may be less effective in the absence of
supportive policies. Therefore, the combined presence of
effective policies and targeted green investment appears
essential for encouraging sustainable transport practices.

PESP was found to positively affect TAT in Iraq, thereby
confirming H3. It posited that PESP facilitates the integration
of technological and digital advancements in transportation,
such as big data analytics and Al that help achieve sustainable
goals. These viewpoints are consistent with those of multiple
prior researchers, thus showing alignment with the previous
literature, e.g., [25], [27]-[31]. Besides promoting TAT, PESP
also significantly improves STID. Results confirmed H4 and
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suggested that promotion and adoption of sustainable practices
in transport act as the antecedent of STID. These viewpoints
drawn from the current findings are in line with revelations
made by various past researchers who advocate the positive
contribution of PESP towards STID, e.g., [27], [32]-[37].
Moreover, findings of the study deduce that TAT allows
enhancing performance and development of sustainable
transport infrastructure, thereby confirming HS5. These
revelations also showed consistency with the previous literature
because a number of past researchers had supported the positive
role of technological advancements and digitalization towards
STID, e.g., [31], [40]-[43]. These findings indicate that PESP
functions as a mechanism through which transport
organizations align sustainability objectives with technological
modernization. As organizations adopt environmentally
responsible practices, they are increasingly required to invest in
digital and technological solutions that improve operational
efficiency, resource utilization, and environmental
performance. Consequently, sustainability initiatives become
an important driver of technological advancement within the
transport sector.

Results on the mediating paths showed that the path from GTPE
to STID was mediated by PESP and TAT in turn in Iraq, which
supports H6. In addition, the sequential mediating role of PESP
and TAT between IGTI and STID in Iraq was also significantly
supported, which led to acceptance of H7. The results indicate
that each of GTPE and IGTI facilitates PESP and consequently
increases TAT, and that technological advancement is the
ultimate factor that enables the development of transport
infrastructure in Iraq, thereby solving the sustainability issue.
While previous research has validated the individual
relationships in these mediation chains, the current study
contributes to the literature by showing how these relationships
work together in a sequential manner to produce STID. These
sequential mediation pathways also suggest that the relationship
between GTPE and IGTTI is not a direct one, as there are certain
intervening variables. Instead, their impact is more subtle, as
sustainable practices stimulate technological progress, which
then leads to STID. This discovery offers a more process-
oriented explanation for the development of sustainable
transport infrastructure than has been found in previous studies.

The current study also examined the moderating effect of DIR
on the nexus between TAT and STID and found that DIR serves
as a positive catalyst in the association between TAT and STID.
The confirmation of H8 suggested that the existence of DIR
boosts the translation of TAT into STID in Iraq. These results
complemented the existing literature, which advocated the
positive contribution of digital readiness towards sustainable
development, e.g., [37], [40], [41], [46]-[49]. However, those
studies did not explain DIR's moderating role in the association
between TAT and STID, as the current study does. This finding
implies that investments in advanced transport technologies
alone may not be sufficient to achieve sustainable infrastructure
outcomes. The effectiveness of such technologies depends on
the availability of supporting digital infrastructure and
organizational readiness. Consequently, policymakers should
prioritize the parallel development of digital infrastructure and
transport technologies, as the sustainability benefits of

technological advancement are more likely to be realized when
adequate digital readiness exists.

6. Conclusion

The current study explored the process of achieving STID in
Iraq using a mediated—moderated conceptual model. It
evaluated the role of GTPE and IGTI in the facilitation of PESP
and serial mediation of PESP and TAT between GTPE and
STID, and IGTI and STID. The results revealed that GTPE and
IGTI are important predictors of PESP in Iraq. Furthermore,
PESP encourages TAT, which in turn, facilitates STID. The
significant serial mediation paths were found between GTPE
and STID via PESP and between IGTI and STID via TAT.
Besides, DIR greatly enhances the linkage between TAT and
STID. Therefore, the implementation of effective green
transport policies and investments in green transport
infrastructure can encourage sustainable practices and
technological progress, which can help achieve STID.

The study's development and evaluation of an integrated
mediated—moderated framework that connects GTPE and IGTI
with STID via PESP and TAT is a contribution to sustainable
transportation research. Previous studies focused on these
constructs individually or in direct relationships, but the current
study examined these constructs in a sequential manner to
provide a more complete picture of the outcomes of STID in an
emerging economy such as Iraq. Moreover, the identification of
DIR as a facilitating condition that enhances the relationship
between TAT and STID is another contribution. The study
contributes to the understanding of the mechanisms of
sustainable transport infrastructure development by exploring
previously unexplored relationships [31], [38], [41] and extends
stakeholder theory and diffusion of innovation theory by
providing empirical evidence of these relationships [27], [40].

The findings provide practical guidance for transport
organizations and policymakers in Iraq. Transport
organizations can promote STID by strengthening GTPE and
mobilizing IGTI to facilitate sustainable practices.
Understanding the role of TAT can also help organizations
make informed decisions regarding the adoption of smart and
digital technologies in transport planning and operations.
Likewise, the adoption of effective green transport policies and
investment in green transport systems can help to incentivize
sustainable transport. They can also create policies that promote
the incorporation of technological innovations and enhance
DIR to help translate technological innovation into sustainable
infrastructure outcomes. The measures can help to mitigate
environmental impacts and enhance the sustainability of Iraq's
transport sector.

Despite its contributions, the study has several limitations. First,
the findings are limited to the transport sector in Iraq, which is
different from transport systems in developed countries,
especially in terms of technological development and
innovation. Thus, the linkages between GTPE, IGTI, PESP,
TAT, DIR and STID can differ from country to country. Future
researchers are advised to make comparisons between the
findings in different national and sectoral contexts. Second,
while the study takes into account several intervening variables,
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there are other factors that can have an impact on the process of
achieving STID. Institutional capacity can influence the
translation of TAT to STID, for example. To improve
knowledge on sustainable transport infrastructure development,
future research should take into account such factors.
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