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1. Introduction

1.1 Background and Context

Infrastructure projects form the backbone of economic development, encompassing transportation systems, energy networks,
water facilities, and other large-scale public or private undertakings. These projects are typically characterized by long durations,
diverse stakeholders, high capital investment, and significant socio-political impact [* 2. As the complexity and interdependence
of such projects continue to grow, project delivery approaches have evolved El. One key trend is the increasing use of cross-
functional delivery teams—groups composed of individuals from various disciplines such as engineering, finance, procurement,
environmental management, and construction oversight. These teams are tasked with integrating technical and managerial
competencies to achieve shared project goals within tight constraints (4! face of evolving technical, environmental, and regulatory
challenges. However, with this shift comes the heightened necessity of aligning human capital effectively. Workforce alignment,
in this context, refers to the strategic structuring of roles, responsibilities, and capabilities so that all members contribute
coherently toward the overall project objectives >,

Without deliberate alignment, cross-functional teams often struggle to coordinate effectively. This is particularly critical in
infrastructure projects where decision latency or miscommunication can lead to cost overruns, safety risks, and quality defects.
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Thus, workforce alignment is not just a managerial exercise
but a foundational pillar of successful delivery. It ensures that
the right competencies are deployed in the right roles,
supported by appropriate governance structures and
collaboration mechanisms. A robust alignment model
provides clarity, minimizes duplication of efforts, and
enhances  accountability—key attributes  for  high-
performance teams in complex project environments 781,

1.2 Problem Statement

Despite the strategic advantages of cross-functional
collaboration, many infrastructure projects continue to suffer
from misaligned team structures. One prominent issue is skill
redundancy, where overlapping roles lead to inefficiencies,
conflict, or wasted human resources. For example, both
engineering and construction teams may conduct parallel
assessments due to unclear role demarcations. This
duplication not only increases project costs but also creates
confusion during implementation phases. Similarly, the
absence of clearly defined inter-functional boundaries can
hamper the delegation of authority and cause operational
bottlenecks.

Another pervasive challenge is communication breakdown.
Cross-functional teams often operate under siloed
information systems and diverse professional cultures, which
impede information flow and joint problem-solving. In the
absence of integrated communication protocols and feedback
loops, critical decisions are delayed or made based on
incomplete data. These breakdowns undermine project
cohesion and reduce the responsiveness needed to manage
emergent risks or stakeholder demands [ 101,

Unclear accountability further exacerbates these issues.
When multiple team members perceive shared ownership
over a task, responsibility becomes diffused, making it
difficult to assign credit or address performance gaps. This
lack of transparency disrupts project monitoring and
evaluation efforts I 121, Cumulatively, these misalignments
not only threaten timely delivery but also compromise
quality, stakeholder trust, and long-term asset performance.
Therefore, addressing workforce misalignment is a pressing
issue in the realm of infrastructure project management and a
critical step toward optimizing delivery outcomes 131,

1.3 Objectives and Contribution

The primary objective of this paper is to construct robust
workforce alignment models tailored for cross-functional
delivery teams in infrastructure projects. These models are
designed to systematically structure roles, responsibilities,
and capabilities to ensure that every functional domain
contributes optimally to the project lifecycle. By drawing
from interdisciplinary theories and practical insights, the
models aim to support project managers, human resource
planners, and organizational strategists in building cohesive,
high-performing teams. The models proposed will account
for the functional interdependencies inherent in infrastructure
development and emphasize adaptability, transparency, and
role clarity.

In doing so, this work contributes to the broader literature on
organizational design by bridging the gap between high-level
strategy and operational execution in project environments.
Unlike traditional hierarchical models, which often falter in
dynamic settings, the alignment models proposed here are
responsive to the fluid nature of cross-functional
collaboration. They also build on principles of systems
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integration and competency mapping, expanding the
discourse in workforce strategy by offering concrete tools for
implementation.

Furthermore, the paper enriches the field of project
management by introducing practical, theory-informed
models that address persistent delivery challenges. While
many existing frameworks focus on technical planning, risk
management, or stakeholder engagement, relatively few
provide actionable guidance on workforce configuration. By
focusing explicitly on the human element—how people are
organized, coordinated, and empowered—this research
underscores the pivotal role of workforce alignment in
achieving infrastructure project success. The resulting
models are expected to be broadly applicable across
geographies and project types, offering enduring value to
both academics and practitioners.

2. Theoretical Foundations

2.1 Organizational Alignment Theory

Organizational ~ alignment  theory  emphasizes the
harmonization of strategic objectives with operational
execution. One central concept is strategic fit, which refers to
the alignment between an organization's internal capabilities
and its external environment 24 251 In the context of project
delivery, this involves aligning team structures, processes,
and roles with the broader project goals and constraints.
Strategic fit helps ensure that each functional unit contributes
effectively to the collective mission, minimizing friction and
maximizing efficiency. This is particularly important in
infrastructure projects where delays or missteps can result in
significant financial and reputational losses 16171,

Systems theory further enhances the understanding of
organizational alignment by viewing project delivery teams
as interdependent components of a larger system. Each team
or function must interact seamlessly with others to ensure
overall project health 18 91 When these components are
misaligned, systemic inefficiencies and breakdowns occur. A
systems-based approach supports holistic thinking, enabling
leaders to optimize not only individual performance but also
the connections between roles and responsibilities [20-22],
Socio-technical alignment theory complements these
perspectives by emphasizing the interplay between social
factors—such as team behavior, communication patterns, and
organizational culture—and the technical systems that
support project work. Successful delivery depends not only
on well-designed tools and workflows but also on the people
who use them [23 241 Alignment, therefore, must account for
both human dynamics and technological frameworks. These
theoretical underpinnings collectively inform the need for
structured workforce alignment models that consider
strategic coherence, systemic integration, and social
interaction in complex project environments [25: 261,

2.2 Team Dynamics in Project Environments

Team dynamics refer to the psychological and structural
interactions among members that influence performance,
cohesion, and adaptability. In infrastructure projects, where
teams are often large, diverse, and cross-disciplinary,
managing these dynamics becomes especially critical 27,
Research indicates that effective team composition—
balancing technical, managerial, and interpersonal skills—
can  significantly  improve  decision-making  and
responsiveness. Heterogeneous teams bring a wealth of
expertise, but they also require deliberate coordination
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mechanisms to function harmoniously 28301,

Inter-functional collaboration is central to cross-functional
team success. It involves structured interaction between
departments or roles that traditionally operate in silos. Studies
in project management literature suggest that collaboration
improves when there is clarity in role expectations, mutual
trust, and shared mental models B 32 Without these,
miscommunication and power struggles often emerge,
leading to decision paralysis or conflict. Organizational
interventions, such as shared performance metrics and joint
planning sessions, have been found to enhance collaboration
and break down interdepartmental barriers 3331,
Decision-making structures also shape team dynamics
profoundly. Centralized systems can offer efficiency in
routine matters but may limit responsiveness in dynamic
situations. Conversely, decentralized models empower team
members but risk fragmentation if not managed carefully ¢
87, Hybrid structures—combining clear leadership with
distributed input—are often the most effective in complex
projects. They allow teams to adapt locally while remaining
aligned with strategic goals. Understanding these elements of
team dynamics provides essential context for constructing
workforce alignment models that support coherence, agility,
and accountability in high-stakes project delivery
environments 38 391,

2.3 Workforce Capability Models

Workforce capability models are frameworks used to
systematically define, assess, and align the competencies
required for successful project delivery. At their core, these
models map the skills, knowledge, and behaviors necessary
for each role within a team or organization [0 41, |n
infrastructure projects, which often involve multidisciplinary
inputs over extended periods, capability modeling enables
project leaders to identify gaps, allocate resources
strategically, and plan for future demands. Capability maps
often include technical expertise, leadership attributes, and
collaborative competencies, offering a comprehensive view
of workforce readiness (47,

Role definition is another key element of capability
modeling. Clearly defined roles reduce ambiguity, prevent
overlap, and support performance assessment. In cross-
functional teams, where responsibilities may shift depending
on project phase or context, role clarity becomes even more
critical. Standardizing roles and expectations—while
allowing for some flexibility—helps establish a stable
foundation for team interaction and accountability. This also
aids onboarding, training, and succession planning 3 441,
Several workforce modeling approaches are used in large-
scale projects. Functional mapping, for example, aligns roles
with project activities, ensuring each phase of the project is
adequately staffed and supported. Matrix models, on the
other hand, incorporate both functional and project reporting
lines, enabling more fluid collaboration across teams. Some
organizations also employ tiered competency frameworks
that differentiate between foundational, intermediate, and
advanced skill levels. These models not only inform
workforce planning but also underpin performance
management systems and professional development
strategies. Collectively, they form the backbone of any
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effective workforce alignment model in complex delivery
environments (45461,

3. Methodological Approach to Model Construction

3.1 Model Development Strategy

Constructing workforce alignment models for cross-
functional delivery teams requires a structured approach
grounded in organizational theory and practical relevance.
The foundation of this approach is the use of conceptual
frameworks that organize the relationships between team
roles, functions, and project outcomes [ 8 These
frameworks help to visually and logically represent how
individuals contribute to broader delivery processes,
highlighting both vertical accountability (e.g., reporting
lines) and horizontal collaboration (e.g., inter-functional
interactions). Conceptual clarity is essential to ensure that
these models are not overly complex but still capture the
multifaceted nature of infrastructure projects 11,

A common technique employed in model development is
layered mapping. This involves decomposing the project
environment into distinct but interrelated layers—such as
governance, operational, and support functions—and
assigning specific workforce responsibilities to each. This
stratification ensures alignment across different tiers of
project execution and provides a basis for monitoring team
cohesion over time 150511,

Another core design element is the use of role matrices. These
matrices cross-reference team roles with key functional
domains, providing a structured view of task ownership,
decision-making authority, and collaboration points. This
method helps to surface potential redundancies or role
conflicts before they impact project performance.
Throughout the model development process, an emphasis is
placed on transparency, scalability, and usability—ensuring
that the final models can be applied across diverse
infrastructure contexts and easily updated as project demands
evolve 52531,

3.2 Data Sources and Analytical Inputs

The development of reliable workforce alignment models
depends on access to accurate and relevant data. A key input
is organizational charts, which provide the structural
blueprint of existing teams, reporting lines, and role
definitions. These charts help to establish the baseline upon
which future role optimizations can be built. By analyzing
organizational hierarchies and departmental interfaces,
model designers can identify misalignments and
inefficiencies that may not be immediately evident in
operational performance metrics 14561,

Industry benchmarks offer another valuable source of input.
These may include best-practice guidelines from engineering
associations, productivity standards, or workforce utilization
norms across similar infrastructure projects. Benchmarks
help calibrate the models to align with external expectations
and performance thresholds, ensuring that the alignment
strategy is both competitive and realistic. They also provide
insights into emerging role types, evolving skill sets, and
standard role-to-function ratios.

Performance indicators, such as key performance indicators
(KPIs) and team productivity metrics, serve as empirical
evidence for refining alignment assumptions. Data such as
task completion rates, rework frequencies, or communication
lags can be analyzed to uncover patterns in team performance
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157. 581 - Additionally, historical project documentation—like
lessons learned reports, risk logs, and internal audits—offers
qualitative context that informs decision rules within the
model. Together, these data sources ensure that the
constructed models are rooted in operational reality,
reflective of industry expectations, and capable of supporting
dynamic project requirements 9 601,

3.3 Evaluation Criteria for Model Robustness

To ensure the effectiveness and durability of the constructed
alignment models, it is essential to evaluate them against
well-defined robustness criteria. One primary criterion is
adaptability—the model’s capacity to accommodate changes
in project scope, workforce composition, or external
conditions without requiring fundamental redesign. This is
especially critical in infrastructure environments where shifts
in regulation, stakeholder requirements, or technology may
necessitate rapid reconfiguration of roles and workflows ©%
62]

Clarity is another crucial measure. The model must offer an
unambiguous representation of roles, responsibilities, and
collaboration pathways. When team members and project
managers can quickly interpret the model, it enhances
usability and facilitates smooth implementation. Clarity also
supports training, onboarding, and conflict resolution by
eliminating vagueness in role expectations or reporting
structures [63.641,

Inter-role coherence evaluates how well the model captures
the logical and functional relationships between team
members. A robust model minimizes role conflict, prevents
task duplication, and ensures that responsibilities are
distributed in a way that promotes synergy rather than
competition. This involves ensuring that roles complement
rather than contradict one another, particularly across
different functions. Other secondary criteria may include
scalability—how well the model performs across different
project sizes—and measurability, referring to the ease with
which alignment performance can be tracked over time.
These evaluation criteria provide the foundation for refining
the models and ensuring their practical utility in diverse
infrastructure project settings (6% 661,

4. Model Frameworks for Workforce Alignment

4.1 Role-Function Alignment Matrix

The Role-Function Alignment Matrix is a foundational tool
designed to provide clear visibility into how individual roles
support specific project functions. At its core, the matrix
cross-references defined project roles—such as design
engineer, procurement specialist, construction supervisor,
and environmental manager—with key functional domains
like planning, execution, compliance, and stakeholder
management. This mapping enables project managers to
identify primary responsibilities, supporting tasks, and points
of interdependence. By doing so, the matrix eliminates
ambiguity and strengthens role clarity across disciplinary
boundaries, a frequent pain point in cross-functional teams 6"
881 In infrastructure projects, where functional silos often
impede collaboration, a matrix-based approach fosters shared
understanding and accountability. For example, a civil
engineer’s primary responsibility might lie within the design
and planning domain, but the matrix would also reflect
supporting roles in permitting and coordination with
construction activities. Similarly, a stakeholder engagement
officer might be aligned with external communications but
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also play a supporting role in risk mitigation. This dual
visibility allows for deliberate overlap where necessary while
minimizing unintended redundancy or confusion in execution
[69, 70]

The model also acts as a diagnostic tool. By overlaying actual
staffing patterns on the matrix, project leaders can identify
misalignments such as underutilized roles or overloaded
functions. Furthermore, the matrix supports dynamic
resourcing—adjusting workforce distribution in response to
shifting project needs without losing structural integrity. It
can be updated as the project evolves, maintaining relevance
from early planning through commissioning. Overall, the
Role-Function Alignment Matrix offers a practical yet
strategic model for structuring cross-functional teams with
precision, coherence, and adaptability [ 72,

4.2 Competency Layering and Integration Model

The Competency Layering and Integration Model addresses
the multidimensional nature of skills required in cross-
functional infrastructure teams. It conceptualizes workforce
capabilities across three integrated layers: technical,
managerial, and collaborative. Each layer represents a
distinct domain of competence, yet all are interwoven to
support seamless project delivery. The model acknowledges
that technical proficiency alone is insufficient in complex
environments; individuals must also manage workflows and
collaborate effectively within and across team boundaries [%
74]

At the technical layer, the model identifies role-specific
expertise such as structural analysis, cost estimation, contract
drafting, or safety compliance. These competencies are
mapped to project functions and timelines, ensuring the right
expertise is available at the right time. At the managerial
layer, competencies include scheduling, resource allocation,
performance monitoring, and risk management. These skills
are often required across roles but vary in depth and scope
depending on seniority or function. For instance, while a lead
engineer may need advanced scheduling capabilities, a junior
engineer may only require awareness-level understanding [
76]

The collaborative layer encompasses soft skills and
interpersonal abilities, such as communication, conflict
resolution, and cultural intelligence. These are critical in
cross-functional settings, where team members must navigate
diverse professional backgrounds and work styles. This layer
also includes digital collaboration skills—such as fluency in
project management platforms or coordination software—
which are increasingly vital for geographically dispersed
teams. By layering competencies in this manner, the model
not only guides hiring and training but also supports
performance appraisal and succession planning. Importantly,
it promotes balance—ensuring no role is over-specialized or
under-equipped for the integrated demands of project
delivery.

4.3 Communication and Coordination Flow Map

The Communication and Coordination Flow Map is a
strategic model that structures the flow of information across
vertical (hierarchical) and horizontal (inter-functional) axes
within a project team. This model visualizes how critical
information travels between leadership, functional teams, and
external stakeholders, ensuring that communication is
purposeful, timely, and aligned with decision-making needs.
In complex infrastructure projects, where delays and errors
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often stem from miscommunication, such a map serves as a
preventive mechanism 7,

Vertically, the model ensures that decisions, directives, and
feedback flow efficiently from project sponsors and senior
management to operational teams and vice versa. This
includes not only formal reporting lines but also escalation
protocols, feedback loops, and knowledge dissemination
practices. For example, a construction supervisor must be
able to escalate a safety concern to the project director
without bureaucratic delay, while senior leadership must be
able to cascade policy updates or strategic pivots clearly and
quickly. The vertical flow map clarifies these channels and
reduces the risk of information bottlenecks [8 79I,
Horizontally, the model maps interactions between peer
functions such as engineering, procurement, environmental
compliance, and stakeholder engagement. These flows are
essential for synchronized action and collective problem-
solving. The model outlines formal coordination routines—
like joint planning meetings or integrated digital
dashboards—as well as informal channels that promote
responsiveness and team cohesion. It also highlights interface
roles, such as integration managers or project coordinators,
who act as communication bridges across teams. By
systematizing communication and coordination flows, this
model enhances situational awareness, reduces duplication of
effort, and reinforces accountability across the project
landscape [,

5. Conclusion

This paper has articulated a comprehensive framework for
constructing  workforce  alignment models tailored
specifically to the demands of cross-functional delivery
teams in infrastructure projects. Grounded in established
organizational theories—including strategic fit, systems
thinking, and socio-technical alignment—it has underscored
the critical importance of harmonizing human capital with
complex project environments. The theoretical foundation
provides a robust lens through which workforce alignment
challenges can be diagnosed and addressed.

Building on this foundation, the methodological approach
outlined systematic steps for model development. By
leveraging conceptual frameworks, layered mappings, and
role matrices, the paper has provided a clear pathway to
translating abstract alignment principles into actionable tools.
The emphasis on diverse data sources—from organizational
charts to performance metrics—ensures that the models are
both evidence-based and adaptable.

The proposed alignment models themselves—the Role-
Function Alignment Matrix, Competency Layering and
Integration Model, and Communication and Coordination
Flow Map—offer structured yet flexible solutions. They
collectively address role clarity, capability integration, and
information flow, which are vital components for enhancing
coordination, accountability, and overall team effectiveness.
Together, these contributions advance the dialogue in
workforce strategy and project management with practical,
theory-informed models.

The models developed in this paper serve as valuable guides
for workforce planning and team setup in infrastructure
projects, which often face high complexity and dynamic
conditions. Project managers can use the Role-Function
Alignment Matrix to allocate resources with precision,
avoiding skill redundancy while ensuring critical functions
are fully staffed. This leads to optimized staffing, reduced
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conflict, and improved task ownership.

Similarly, the Competency Layering and Integration Model
provides a foundation for designing training programs,
professional development pathways, and performance
evaluations aligned with project needs. By recognizing the
multifaceted nature of competencies—technical, managerial,
and collaborative—it encourages holistic workforce
development. This is essential for cultivating versatile teams
capable of adapting to evolving project challenges and
stakeholder expectations.

Furthermore, the Communication and Coordination Flow
Map clarifies communication protocols and coordination
mechanisms, addressing a frequent source of project delays
and misunderstandings. By establishing clear vertical and
horizontal information channels, the model supports faster
decision-making and enhances transparency. Collectively,
these models facilitate a more strategic approach to
workforce management, improving efficiency, adaptability,
and project outcomes in infrastructure delivery.

While this paper establishes foundational workforce
alignment models, there are numerous avenues for further
refinement and empirical validation. Future research could
focus on applying these models in diverse infrastructure
settings to assess their effectiveness and identify context-
specific adaptations. Such empirical testing would help
quantify benefits and reveal potential limitations or gaps in
the models’ design.

Additionally, future work could explore integrating emerging
technologies—such as artificial intelligence and digital
twins—into workforce alignment frameworks. These
technologies hold promise for dynamic role allocation, real-
time capability assessment, and predictive coordination,
potentially enhancing the models’ responsiveness and
precision. Lastly, extending the scope of these models
beyond infrastructure to other project-intensive sectors—
such as software development, healthcare, or
manufacturing—would enrich their applicability.
Comparative studies could identify universal principles of
workforce alignment and industry-specific nuances,
contributing to a more generalized theory and practice of
workforce strategy in complex project environments.
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