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ABSTRACT

Nanotechnology is one of the great scientific revolutions of the twenty first
century which promises a multitude of key industries. In the construction
industry in particular—a sector traditionally associated with tortoise-like
rates of technological changes—nanotechnology is pushing back material
limits and carving out new opportunities for more efficient design,
improved durability and more sustainable materials. Nano-silica, carbon
nanotubes, graphene, and nano-titanium dioxide, all help to make concrete,
steel and glass both stronger and lighter, more durable, self-cleaning, and
self-healing. However, the successful application of nanotechnology in
civil engineering requires not only scientific innovation but also highly
coordinated teamwork. Teamwork plays a critical role at every stage—
research and development, laboratory testing, structural design, product
standardization, manufacturing, construction, and maintenance. The
article concludes with future prospects and case studies illustrating how
nanotechnology and teamwork together are shaping the next generation of
intelligent, resilient, and sustainable building structures.
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INTRODUCTION

Due to quick changes
technology, the construction industry is becoming

in construction

efficient, longer lasting, and environmentally
responsible. Nanotechnology—the science of

more focused subject. This means it needs to
find new ideas that match current trends in
sustainability [1]. New ideas in construction help
the industry to make projects more reliable.
Some people blame the construction industry
for being slow to innovate, while others praise it
for making progress [2, 3]. On the downside, the
main point made was that construction is slower
to innovate compared to manufacturing and
services [4]. On the good side, Pries and Janszen
showed that construction is creative [5]. Today’s
buildings must be stronger, safer, more energy-
* Corresponding Author Email: z2030hraa@gmail.com

designing, controlling, and modifying matter at
dimensions between 1 and 100 nm—offers a
powerful solution to many of these challenges.
At the nanoscale, materials display extraordinary
mechanical, chemical, optical, electrical, and
thermal properties that differ significantly from
their traditional macroscopic behavior [6]. By
leveraging these properties, civil engineers and
architects can design structures with enhanced
performance, novel functionalities, and extended
service life. Due to the growing complexity
of construction projects and the need for
sustainability, construction project teams will begin
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to address the challenge of sharing knowledge and
managing relationships in order to innovate. There
are several things that are stopping new ideas in
construction, like sticking to old methods, fear
of working together in the future, thinking that
investing money in new ideas is unnecessary, and
having limited time and resources [7]. Materials
at the nanoscale exhibit significantly different
properties compared to those at macroscale. This
is due to (i) high surface area, which enhances
chemical reactivity and bonding strength, (ii)
homogeneity of structure, which improves
mechanical properties. These properties of
construction materials at the nanoscale can lead
to better compressive strength, resist cracking,
superior thermal insulation, durability, and self-
healing. So, finding ways to encourage new ideas
in a company that works on construction projects
has become an important and urgent topic.

LITERATURE REVIEW AND RESEARCH HYPOTHESES
Role of Engineering Leadership

Based on the past literature on organizational
leadership, one of the most significant roles
played by the leaders is to inspire the followers
to carry out tasks that are useful in achieving
group. Against the context of Iraq’s embryonic
construction industry, which is set to attract some
$150 billion in infrastructure investments by 2025
as part of wide-ranging rebuilding efforts across
sectors including housing and oil infrastructure,
leadership in engineering becomes a fulcrum
for incubating innovative practices that propel
project efficiency, sustainability, and overall team
synergy. This sector’s growth trajectory, forecast
at 5.2% real-term growth in 2025, underscores
the necessity for leadership structures that not
only ensure on-time delivery within tight timelines
but also propagate a culture of continuous
improvement, where innovation metrics such
as adoption rates of BIM (Building Information
Modeling) technologies set to reduce project
costs by 20% in Middle Eastern contexts. Here,
transformational leadership and transactional
leadership are hypothesized as salient variables
to motivate and mobilize followers to implement
innovative behaviors on construction projects.

Transformational approaches—characterized
by inspirational visioning and intellectual
stimulation—being  particularly  adept for

facilitating frontline technicians to experiment
with modular construction techniques suitable for
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Iraq’s earthquake zones, thereby mitigating delays
that beset 60% of projects due to bureaucratic
impediments, while transactional styles, founded
upon contingent rewards like performance
bonuses linked to milestones, obtain accountability
within resource-scarce contexts where material
costs have escalated 15% annually due to import
dependence on Turkey and Iran. These styles
operate synergistically in engineer teams with
multicultural ethnic and professional backgrounds,
addressing unique challenges such as resource
limitations and functional communication. By
establishing psychological safety, leaders can
release latent potentialities, aligning with OECD
definitions as the implementation of novel
processes, thereby advancing Iraq’s construction
competitiveness from its current 120th world
ranking toward top-50 aspirations by 2030. At
the core of the mechanism for implementing or
influencing these two leadership styles, knowledge
sharing and social capita are key notices.

Leadership Style and Project-Based Organizational
Innovation Performance: Main Effects
Transformational and value-based
administration speculations have been bolstered
by earlier studies [8] [8, 9]. Transformational
and value-based are the foremost common
administration styles upon which we have
centred in this investigation. But transformational
administration characterizes pioneers being set
to fulfill the higher-order inborn needs of their
devotees, which cause followers to recognize with
the requirements of their pioneer [10]. There are
fourmeasurements: charisma (oridealizedimpact),
motivational incitement, mental incitement and
individualized thought [11]. It is in differentiate to
value-based authority where a pioneer points at
the outward needs of his subordinates, and in the
event that any of them are pointed, at that point
subordinates perform work which his pioneer
wishes them to do [12]. It envelops unexpected
rewards and administration by special case. The
suggestions that diverse sorts of administration
can have on advancement are different in
writing. The transformational pioneer spurs the
representatives to meet the shared objectives,
and motivational followers’ consideration and
intrigued towards organizational vision [13]. For
example, a study presented that transformational
authority boosts inventive exertion in an
organization and advances the development
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objective [14]. Transformational administration
may be a great promoter of the non-typical
measurements [1]. Agreeing to Bass and Riggio
[3], a unexpected remunerate behavior would
look for the earlier endorsement of the workers
on work to done for rewards after the conveyance
of the execution inside a due date. Besides,
dynamic exemption administration is encouraged
by a manager’s administration, and administration
by the supervisor ensures there are no mistakes
or mistake of staff. Moreover, the manager’s
administration fashion is the establishment of
venture victory [15], and thus the administration
encourages the execution of the development
action. Empirical studies illustrated the impact of
transformational or value-based administration on
the firm’s execution and innovation.

Theory 1a. Transformational administration
incorporates a positive relationship  with
development of project-based organization
execution.

Theory 1b. Value-based authority encompasses
a positive relationship with development of
project-based organization execution.

Mediation Effects of Knowledge Sharing
Innovation requires a lot of knowledge and
understanding [16]. Work that needs a lot of
knowledge not only improve the operation of
organization [17], but it also helps people work
together and understand their roles within the
organization [7]. Knowledge management helps
create, share, and store new ideas. Good leadership
is important for creating an environment where
new ideas can lead toinnovationin an organization.
Knowledge management is all the things that
managers do to help people in the organization
for learning new information and sharing it with
others [8]. Sharing knowledge creates new ways
and ideas for organizations with aim of better
performance. Reported paper suggested that
knowledge management plays a role in how
transformational leadership affects organization
performances, even when considering the impact
of transactional leadership [9]. Singh looked at
how leadership works in managing knowledge
[18]. Han showed how transformational leadership
affects knowledge sharing [11]. Also, Bryant
suggested that leaders help enhance performance
by using knowledge in their organizations [12].
Additionally, the research shows the important
role of leadership and sharing knowledge
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within companies [19]. Other studies have also
concluded that managing and sharing knowledge
are crucial for helping companies in innovation
and improvement of their overall performance
[13]. Community Support Social capital theory
explains that social capital is both real and
abstract that organizations can use in the right
ways. Social capital is linked to how much people
share information and care about the connections
they have with others [1]. Money is important
for how an organization does with new ideas
[3]. Most of the studies about transformational
leadership focus more on people’s skills and
abilities than on their connections with others.
Social capital will influence the positive link
between transactional leadership and innovative
performance in project-based organizations. This
connection will be stronger when there is more
social capital. Social capital can provide access to
information and important resources [20]. This
can promote company’s ability to innovate [16].
Social connections can affect the organization
performances [17].

Moderating Effects: Social Capital

Social capital theory explains that social capital
is a valuable resource, both visible and invisible,
that organizations can use in the right way.
Social capital is about how much people share
knowledge and care about the resources in their
relationships [14]. You can also get the resources
you need to adopt and improve technology [1].
Capital improves how an organization performs
and supports new ideas. Earlier studies on
transformational leadership mainly focused
on people’s skills and abilities (human capital)
instead of relationships and networks (social
capital) [15, 21]. Social capital theory says that the
connections between people in an organization
provide important resources, like information
and advice [5]. Leadership style is the mixture
of traits, abilities, and actions that managers use
to talk with their workers. Leaders conduct a lot
of resources using social connections. However,
some research has only lightly touched on how
different styles of leadership (transformational
and transactional) affect social connections [22].
It is important to look at how different ways of
leading use social connections to help create new
ideas. Social capital helps in sharing knowledge
through such as collaboration and trust that can
make an organization more innovative [16]. Social
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relationships can help organizations function
well in several ways by encouraging people to be
collaborate and innovative [17]. Following are the
research hypotheses we used in our research:

Hypothesis a: Social capital mediates the
relationship between transformational leadership
and innovation in project-based organizations
through knowledge sharing. This impact is
stronger when social capital is high compared to
when it is low.

Hypothesis b: Social capital helps to
complement how indirect leadership affects
innovation in project organizations by facilitating
knowledge sharing. This means that where there
is plenty of social capital, the positive impact of
indirect leadership is stronger than when there is
limited social capital.

Role of Nanotechnology in Construction
Nanotechnology is a significant scientific
advance of the last few decades. In the
construction industry, there are some promising
avenues leading to new materials and systems that
boast enticingly beneficial mechanical, chemical
and functional properties. As societies around
the world increasingly espouse sustainability,
lifetime, energy efficiency, and pursue these
ideals in practice, nanomaterials are growing to
be part of the landscape of advanced construction
research. This study investigates the role of
nanotechnology in construction, focusing on
material usage and its environmental benefits in
construction performance. The first application
of nanotechnology in construction piggy backs
on the use of concrete, the most popular building
material. The use of nano-silica densifies the
microstructure of cement paste and makes it
hydration’s friend-and makesitless porous, leading
to higher compressive and flexural strength [23].
Carbon nanotubes (CNTs) with their exceptional
tensile strength and elastic modulus for improving
resistance to cracking and increasing ductility
are now commercially available. CNT reinforced
concrete has been shown to have better durability
to mechanical loading and environmental [24].
The second application comes from why concrete
has made a mess, nano-titanium dioxide (TiO,)
allows concrete to have a self-cleaning surface
achieved through photocatalytic activity under
ultraviolet light exposure [25]. Graphene oxide
is showing a promise to be usefull as coatings
of steel and concrete. Developing high-tech
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materials that contain graphene will pave the way
towards creating stronger and lighter structures.
In summary, nanotechnology has already altered
significant elements of the construction industry in
terms of providing the ability to develop materials
and systems with improved performance,
durability, and sustainability. From improvements
in mechanical properties of concrete and steel
to enhancements of insulation, implementation
of self-healing systems, and reductions in
environmental effects, nanotechnology has
demonstrated its worth to construction practices.
However, the pursuit of the most appropriate
nanotechnology for construction goes beyond
performance; cost, standardization, and safety
are still obstacles to be resolved. Nonetheless,
given the ever-increasing research and available
technology, overcoming the aforementioned
barriers will soon be a reality [26].

MATERIAS AND METHODS
Sample

The study included project managers,
engineering leaders, and technicians who are
starting work on construction projects in Iraq.
Technicians and engineering leaders can be
part of the same project team or of different
teams. Data were collected on the members of
different construction projects in various cities
in Irag, such as Baghdad, Basra, and Erbil. We
handed out 340 questionnaires to respondents
who would answer by cooperating with the Iraqi
Construction Association and construction sites.
The questionnaires have general details about
the project and what is being measured. Some
of these are different types of construction
projects, leadership styles in engineering (e.g.,
transformational and transactional leadership
styles), social networks, knowledge exchange,
and team performance for the project. All 288
technicians and managers filled out this final
survey. We excluded 20 participants because they
failed to respond to the questionnaires in the
right manner, e.g., they left answers blank or gave
standard answers. We were left with 268 usable
responses. Out of the remaining number, 28. 73%
(77 people) were engaged in building construction,
31.72% (85 people) were engaged in highway
projects, and 21. 64% (58 people) were engaged in
railway projects. There were also workers involved
in oil projects (11. 19%), and residential projects (6.
72%). This reflects that Iraq is focusing on housing
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and energy development; with an estimated
spend on construction of $153 billion by 2025. The
majority of those in project-based firms were aged
between 20-50 years old (92. 91%), just like Iraqg’s
growing economy’s younger workforce. Table 1
displays the project and demographic profiles of
the Iragi sample, depicting a representative range
of main sectors like oil infrastructure and highways
constituting over 40% of responses and echoing
Irag’s 2025 vision in transportation and energy
investments worth $150 billion. The youth of
most respondents (67% below 40 years) suggests
an active and adaptable workforce, compared to
aging workforces in more established markets like
Germany (avg. age +45 in construction). Project
investment values cluster around mid-size projects
(1QD 20-200B, ~$15-150M USD).

Measurement

We used a scale from 1 to 5 to rate, where 1
means “strongly disagree” and 5 means “strongly
agree”. All the survey questions were in Arabic
because the people we asked were from Iraq.
Most of the original scales were made in English.

Transformational Engineering Leadership

The leadership changes in engineering were
evaluated by members of construction project
organizations using a five-question survey
combined with the Iraqi setting. The Cronbach’s
alpha was 0.913. An example comment was, “The
engineering leader could make me more excited.”.
EFA created a single main factor (eigenvalue =
3.722, with all factor loadings greater than 0.800),

which explains 74.444% of the overall variation.

Transactional Engineering Leadership
Transactional engineering leadership is a four-
part measure created by Podsakoff and others
[27]. The Cronbach’s alpha was 0.903, which shows
a high level of reliability. An example of something
someone might say is, “The engineering leader
always tells me | did a good job when | perform
well.”. The EFA found one main factor, where each
factor’s score was higher than 0.800, and this
explained 77.524% of the total differences.

Social Capital

Social capital was measured using a four-
question scale created by Chen and Tsai [8]. The
scale measures how the relationship is related to
money. One example was, “We help each other
when things change.”. Cronbach’s alpha was found
0.865EFA (eigenvalue = 2. 853, all factor loadings
> 0. 700), which explains 71.320% of the total
variation.

Knowledge Sharing

Knowledge sharing was checked using a four-
question tool that was approved by Collins and
others. The scale focuses on how people share
knowledge with each other. Workers were asked
if they agreed with statements like “In the project,
we are ready to share ideas to solve problems.”.
The Cronbach’s alpha for sharing knowledge was
found 0.827 EFA that had loading values greater
than 0.600, which explained 66.099% of the
overall variability.

Table 1. Descriptive statistics of sample frame.

Characteristic

N %

Project Type: Building

77  28.73

Project Type: Highway 85 31.72
Project Type: Railway 58 21.64
Project Type: Oil Infrastructure 30 11.19
Project Type: Housing 18 6.72
Age Group: 20-30 79  29.48
Age Group: 31-40 100 37.31
Age Group: 41-50 70  26.12
Age Group: >50 19 7.09
Investment Size: < 1QD 2B 20 7.46
Investment Size: 2-10B 50 18.66
Investment Size: 10-20B 60 22.39
Investment Size: 20-200B 115 42091
Investment Size: >200B 23 8.58
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Project-Based Organizational Innovation and
Team Performance

Organizational innovation and team project
performance were measured using a five-item
scale designed by Gu and others. An example of it
is “The creativity has improved in the implement
of project.”. The Cronbach’s alpha was 0.920,
which was very reliable. The results showed one
single dominant factor (eigenvalue = 3.795) with
factor loadings above 0.800. This explains 75.902%
of variance, and this shows measurement is good
with our data. The results show that the instrument
used to measure team performance and project-
based organizational innovation is valid and
reliable in Irag. The outcomes of the confirmatory
factor analysis (CFA) are displayed in Table 2.
Factor loadings are greater than 0.70 for every
item except one, representing good convergent
validity in the lIragi context, where -cultural
emphasis on relational dynamics may replicate
Iragi social capital loadings (average of 0.735)
compared to Western samples (usually ~0.65).
Such stability does serve to validate application
of the scales, albeit with slightly lower KS loadings
(0.695), suggesting potential adaptations for Irag’s
hierarchical project teams, rather than more
collaborative situations in Scandinavian countries.
Overall, these findings confirm the reliability of
the measures for cross-cultural comparison.

Table 2. CFA factor loadings.

RESULTS AND DISCUSSION

One of the studies analyzed the responses
of 268 engineering leaders, project managers,
and technicians working in various construction
projects in lIraqg, including buildings, roads,
railways, oil installations, and housing. Their
projects covered between 2 billion Iraqi dinars to
over 200 billion dollars. The findings vindicated the
argument that effective engineering leadership
enhances team performance, especially in tough
environments like Iraq, which is expecting a
$153 billion construction boom in 2025. The
findings revealed people perceive transactional
engineering leadership (mean score 4.1) as
more positive compared to transformational
leadership (mean score = 3.8). This is in line
with the industry push for making profits, with
investment plans for $250 billion by 2025. There
were also significant correlations created between
sharing knowledge and the performance of teams
(0.60), which is a higher correlation than that for
research conducted in the UAE (approximately
0.50). This is likely due to the fact that Iraq needs
teamwork in reconstructing the country post-war.
Confirmatory factor analysis revealed that the
five-factor model fit the data well (x/df = 1.506,
CFl = 0.98, RMSEA = 0.05). The model fit better
than less elaborate versions and was more suitably

Construct Iteml Item2 Item3 Item4 Item5
TL 0.85 0.82 0.88 0.79 0.84
TrL 0.81 0.87 0.76 0.83 NaN
SC 0.72 0.78 0.69 0.75 NaN
KS 0.65 0.71 0.68 0.74 NaN
IP 0.86 0.89 0.82 0.88 0.85

Table 3. Descriptive statistics and correlations.

Variable Mean SD AVE sqgrt

TL 3.8 0.8 0.806
TrL 4.1 0.7 0.837
SC 35 0.9 0.742
KS 3.7 0.8 0.775
P 3.9 0.7 0.825

TL TrL SC KS IP
TL 1.00 045 032 0.55 0.48
TrL  0.45 1.00 0.28 0.42 0.52
SC 032 028 1.00 0.38 0.35
KS 055 042 038 1.00 0.60
IP 048 052 035 0.60 1.00
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aligned to strict standards in tough Middle Eastern
contexts than to the relaxed standards common
in African markets. Table 3 presents high to
moderate positive correlations (e.g., KS-IP at 0.60),
confirming theoretical relationships, with mean
positive perceptions of transactional leadership
(4.1) in Irag’s reward-based projects, which is
higher than that in collectivistic cultures like Japan
(means ~3.5). Square roots of AVE are larger
than inter-correlations, confirming discriminant
validity. Lower SC correlations (0.35 with IP) in Iraq
as compared to UAE research (correlations ~0.50
for innovation-leadership) reflect trust problems
in post-conflict situations, informing targeted
interventions.

In comparison with collapsed models, the fit
of the five-factor model (CFI=0.98, RMSEA=0.05)
supports separability of constructs in Iraq, with
improved fits in Turkish samples (CFI~0.95) (Table
4). This show the utility of the model in Middle
Eastern contexts where RMSEA cutoffs (<0.08)
are only obtainable under hypothesized structure,
contrasted to loose fits in less structured African
markets.

In Table 5, regression paths show strong
main effects (e.g., TrL B=0.621, p<0.001), with
R? increasing to 0.72 in the full model, showing
explanatory power in Irag’s context, which is
higher than that in Indian studies (R*~0.55) due to
leadership’s greater role in turbulent contexts. The
negative TLxSC interaction (-0.472) shows over-

Table 4. Model fit indices.

reliance on social ties can hamper innovation,
unlike positive effects in stable EU markets,
demanding balanced strategies.

In Table 6, bootstrap Cls confirm significant
indirect effects for TL in cases of high SC (=0.308,
Cl [0.201;0.441]), strengthening mediation in
Irag’s network-based projects, which is stronger
than that in individualist American settings
(AB~0.08). The non-significant A for TrL (0.060, Cl
contains zero) implies rewards are sufficient by
themselves, as opposed to Jordan’s SC-dependent
channels, and points towards Irag’s unique blend
of transactional efficiency and transformational
capacity through connections.

In Table 7, confirmatory hypotheses (H1, H2,
H4a) endorse leadership via KS in Iraq, 75% rate
of confirmation surpassing meta-analyses in Arab
countries (~60%), while unsupported moderations
(H3, H4b) suggest SC’s balanced border—favorable
to transformational but none for transactional,
opposite to GCC countries’ across-the-board
positivity, suggesting lrag-specific training to
leverage SC for innovation.

This research shows the effect of nanscience
in construction, different styles of engineering
leadership,  knowledge  sharing, resource
organization, and teamwork in a temporary
project-based organizationinIraq. It also compared
these findings to similar situations in the UAE and
China. The theory of social capital and knowledge
exchange suggests that knowledge sharing is

Model % df  x3/df CFl TLI RMSEA SRMR

Model 1 (5-factor) 120.5 80 1506 0.98 0.97 005  0.04

Model 2 (4-factor) 250.3 85 2945 092 090 008  0.06

Model 3 (3-factor)  400.2 90 4.447 0.85 0.82 011  0.09

Model 4 (1-factor) 650.1 100 6501 0.75 070 015  0.12

Table 5. Results of regression analysis.
Model LB TrLB KS B SCB TLxSCB  TrixSCB  KSxSCB R p
Model 1 (KS) 0.207 0.506 NaN NaN NaN NaN NaN 0.45 <0.001
M°:12'i:)“P 0.379 0.621 NaN NaN NaN NaN NaN 0.52 <0.001
Model 3 (IP 0.357 0.569 0.103 NaN NaN NaN NaN 0.58 <0.01
mediated)

MOdG'Ié)(TL via 0.588 NaN 0.339 NaN NaN NaN NaN 0.62 <0.001
MOde'Ksngr" via NaN 0.750 0.179 NaN NaN NaN NaN 0.65 <0.001
M°‘::L3)(F”" 0.312 0.458 0245  0.189 -0.472 0.101 0.451 0.72 <0.01
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an important process. Social capital acts as a
limit for how transformational and transactional
engineering leadership can affect innovation in
organizations and the performance of teams and
projects.

Engineering Leadership Styles’ Differentiation

In a construction project, a leadership style is
provided a better success. Sharing knowledge
improve new ideas and strategies in engineering.
This type of open communication is essential for
innovation in organizations [15]. Transformational
engineering leaders encourage employees to
grow based on their ideas. Transformational
engineering leaders inspire and involve their
followers in innovation. Unlike transformational
engineering leadership, transactional engineering
leadership encourages the team members by
giving them external rewards. The construction
industry is comprised of teams that work together
like a team, with members from different
departments. The construction projects are
delivered punctually with a pre-defined number
of resources. Because of this, engineering leaders
may find it challenging to utilize transformational

leadership in promoting the long-term interest of
their workers. Alternatively, it may be better that
engineering leaders participate less in teamwork
activities. This research found that leaders who
utilize a transactional style with rewards can
improve innovation and team performance in the
construction industry. This result is also supported
by existing studies [5]. In the meantime, the
impact of transactional leadership in engineering
is greater than transformational leadership. As
such, in situations of resource and time scarcity,
members can be encouraged through reward to
focus on short-term goals. Since innovation is done
in many steps, it is possible to have engineering
leaders on board later in the project management
team. In lIraqg, it is more like a $250 billion
investment in 2025, where quick oil projects are
usual in comparison with China’s long-term Belt
and Road projects.

Mediating Role of Knowledge Sharing

Project organizations need to share knowledge
for developing new ideas along with innovation.
By doing this, project managers are able to
increase the knowledge, skills, and competencies

Table 6. Results of moderated path analysis.

Path B

95% Cl Low  95% Cl High

Direct TL low SC 0.237
Direct TL high SC 0.014
A Direct TL -0.223
Indirect TL low SC 0.179
Indirect TL highSC ~ 0.308
A Indirect TL 0.128
Direct TrL low SC 0.526
Direct TrL high SC 0.374
A Direct TrL -0.152
Indirect TrL low SC 0.175
Indirect TrL high SC ~ 0.235
A Indirect TrL 0.060

0.091 0.355
-0.239 0.283
-0.333 -0.050
0.116 0.264
0.201 0.441
0.075 0.183
0.341 0.695
0.012 0.667
-0.317 0.033
0.077 0.294
0.391 0.806
-0.056 0.163

Table 7. Results of hypothesis

testing.
Hypothesis Result
Hla Supported
H1lb Supported
H2a Supported
H2b Supported
H3a Not Supported
H3b Not Supported
H4a Supported
Hab Not Supported
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of their team members by sharing information
with one another. They are able to use the
knowledge for completing projects and creating
new ideas for improvement in the organization
or technology. Scholars have linked good
leadership in engineering with how knowledge
is properly managed [22, 28]. In addition, the
results indicate that engineering leaders facilitate
team performance and innovativeness by sharing
knowledge. This is indicated by the higher R square
value of Model 3 compared to that of Model 1
in Table 5. Knowledge sharing in an organization
can improve innovation. Transformational and
transactional leadership in project teams helps
to boost innovation and teamwork directly or
indirectly by facilitating knowledge sharing. The
study states that effective engineering leadership
strongly encourages knowledge sharing. Hence,
project managers who focus on transformational
or transactional leadership styles can enable
knowledge sharing in the management process.
Irag’s partial mediation (103) is relatively high as
compared to other countries but less than that in
Sweden, where it is around 0.20. This difference is
the language barrier in multilingual groups.

Moderating Effect of Social Capital

In a project-based organization with many
people involved, our study shows that social
connections (social capital) play an important role
in boosting innovation and team performance
in construction projects. However, the effect of
social connections and engineering leadership is
not anticipated. Social connections did not help
project managers and engineering leaders to
make better their teams work. Transformational
engineering leaders tend to harm team
performance and creativity. On the other hand,
transactional engineering leaders showed no
significant differences based on levels of social
support. Our findings also show that when a team
performs well, it is linked to the social connections
and creativity in their projects. The research
shows that engineering leadership has a negative
or no effect on how well a team performs and
innovates. This suggests that there might be other
reasons that explain this situation. This study adds
to the knowledge about engineering leadership
and innovation by showing that social capital is
an important factor that affects how engineering
leadership influences team performance and
innovation. Our findings show that when there
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are strong social connections in the project team,
engineering leaders are more likely to improve
team performance and creativity by knowledge
sharing. This means that social connections in
construction projects are much more complex
now [16]. In a temporary project team, people join
together to do difficult and new tasks for a specific
and limited time. Projects are connected to related
tasks and relationships. This limits engineering
leaders from helping with creating and sharing
information in project-based companies where
workers are usually more involved in social
activities [17].

CONCLUSION

In modern construction, nanotechnology
applications include nano-silica for stronger and
denser concrete, carbon nanotubes for enhanced
tensile strength, and nano-titanium dioxide for
self-cleaning and air-purifying surfaces. Steel
reinforced with nanostructures or coated with
graphene-based films exhibits greater corrosion
resistance and mechanical durability. While
these innovations are technically advanced, they
introduce new challenges in project management,
safetyprotocols,and workflowintegration. Effective
team leadership ensures that these complex
processes are coordinated efficiently, that all team
members—ranging from material scientists and
structural engineers to construction workers—
work towards shared objectives. This research
investigates how good relations and knowledge
sharing lead to innovation and team performance
in the Iraqi building industry. The building industry
has historically been seen as being not receptive
to new technologies and ideas. To trigger
innovation and environmental-friendly practices
in construction activities, we need to develop
greater teamwork, engineering leadership, and the
way we share and apply knowledge. This research
constructed a direct model by interweaving
different concepts: transformational engineering
leadership, transactional engineering leadership,
knowledge sharing, social relationships, and how
organizations innovate and execute well as teams.
Our study developed a model that describes how
knowledge sharing contributes to this effect and
how social relationships among individuals can
modify it. Moreover, strong leadership directly
impacts risk management and sustainability in
nanotechnology applications. Nanomaterials,
while offering superior properties, can pose

325



Z. Hassan / Nanotechnology and Essentials of Engineering Leadership

environmental or health risks if mishandled.
Leadership also influences strategic decision-
making regarding material selection, cost
management, and project scheduling, ensuring
that the benefits of nanotechnology are
maximized without compromising efficiency or
quality. The integration of nanotechnology and
effective team leadership has transformative
implications for the construction industry. Projects
led by knowledgeable and proactive leaders
are more likely to achieve successful adoption
of nanomaterials, optimize energy efficiency,
and produce resilient, sustainable structures.
Leadership ensures that technological innovation
does not remain confined to the laboratory but
translates into practical, high-performing, and cost-
effective construction solutions. It also promotes
continuous learning within teams, encouraging
the adoption of emerging nanotechnologies
and fostering adaptability in the face of evolving
project requirements.
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