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1. Introduction

Project managers (PMs) and design managers (DMs) need leadership skills for
driving an engineering team to successfully produce the required deliverables. On
engineering design projects, this involves leading a team of design professionals
from different fields.

Multidisciplinary engineering teams (METs), also called multidisciplinary design
teams (MDTs), consist of members belonging to different professional and technical
fields who combine expert knowledge to solve complex design problems and
produce project deliverables. Example disciplines include civil, architectural,
structural, mechanical, plumbing, electrical, process, systems, controls, drafting,
BIM, surveying, geotechnical, costing, and permitting.

For the successful delivery of a design project, MDT collaboration is essential to
meet innovation, quality and sustainability goals. The larger the project, the higher
the stakes and the more critical the collaboration. On a very large project, a PM may
spend a good portion of each day overseeing design collaboration. See Figure for
examples of large projects.
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Figure 1: Large construction projects using MET design documents.
Left) Construction of the USS America amphibious assault ship.
Right) A tourism statue with an exhibit hall, galleries, food court, and walking
gardens.

Sources: commons.wikimedia.org/wiki/File:World%27s_Tallest_Shiva_Statue_in_construction_phase_at_Nathdwara,_Rajasthan.jpg
commons.wikimedia.org/wiki/File:LHA-6_USS_America_under_construction_at_Ingalls_Shipbuilding_October_19_2001_mg_0184.jpg

Multidisciplinary collaboration helps organizations and projects to overcome the
boundaries of disciplines and jointly develop solutions that would otherwise never
have been developed in the context of one field. Collaboration also reduces the
number of conflicts and inconsistencies which often lead to serious construction
costs and delays.

The need for cross-disciplinary teamwork is becoming more important because of
the growing technical and social complexity of large scale engineering projects.
Globalization, digitization and sustainability initiatives demand engineers to interface
with cross-disciplinary and cross-geographic expertise. Leadership from a project
manager and design managers is pivotal in creating cohesive professional design
documents that meet project objectives and support the business case.

Studies have shown that METs can actually be more efficient than monodisciplinary
teams when handled by integrative leadership practices supportive of shared vision,
cognitive diversity, and facilitated decision making procedures. This advantage of
performance is, however, conditioned by the capabilities of the leader to handle
ambiguity, balance between conflicting priorities, and maintain a culture of
psychological safety that allows for open communication and close teamwork.
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METs have challenges that persist even despite their potential. Communication
failures are frequent for a variety of reasons including different interpretations of
technical language, vagueness, not listening or participating in meetings, and
inconsistent communication channels. Competing requirements of design
optimization, cost control, schedule control, and regulatory requirements may create
disjointed decision-making, with team members heading in different directions.

Another challenge is disciplinary “silos” which have their own knowledge base,
document templates, techniques, and design approaches. Silos lean towards
copying work from standards or other projects rather than developing a project-
specific solution, such as through the process in Figure 2. Silos impede collaboration
and innovation. Lack of shared frameworks and terminologies increase the likelihood
of misunderstanding and degrade efficiency, with potentials for delays or redesign.

To overcome the challenges with MET projects, adaptive leadership skills and
shared mental models are approaches that promote the integration of knowledge
and thinking on a system level.

ASK
Define the problem.
SHARE What? Who? Why?
Manufacture. IMAGINE
Present. Publish.
Research
Brainstorm
ENGINEERING
DESIGN
TEST PROCESS PLAN

Pick one idea.
Sketch, analyze.

Collect data.

PROTOTYPE

Make one. a

Figure 2: Example of a design process with iterative stages of problem-solving.

Source: commons.wikimedia.org/wiki/File:Engineering_design_process.png, Bennett Brown, CC-BY-4.0.

This course covers the core concepts, approaches, and instruments of successful
leadership in multidisciplinary design settings. This includes communication patterns,
conflict management strategies, and collaboration utilizing technology that improves
team performance. The first section is on the nature of MET projects, followed by
leadership models, digital transformation, innovation, and professional
competencies. The last section provides practical advice to project managers and
design managers working in complex interdependent design settings.
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2. The Nature of Multidisciplinary Design Teams

A multidisciplinary engineering team (MET) has members belonging to different
professional and technical fields, each responsible for different aspects of the design
work (civil, structural, etc.), but together producing shared deliverables (reports,
drawings, specifications, cost estimates, etc.). MET projects provide multidisciplinary
design solutions that address complex multidimensional engineering problems.

As mentioned in the introduction, example design disciplines include civil,
architectural, structural, mechanical, plumbing, electrical, process, systems, controls,
environmental, drafting, BIM, surveying, geotechnical, costing, and permitting.

2.1 Design Stages

Design projects typically follow a waterfall approach, which has a linear progression
through design stages. This differs from an Agile or iterative approach. An example
of a project with design phases is as follows:

Prelim. Final _

Often the project starts with the initial study stage, then a go-no go decision is made
whether to proceed with the design stages. Subsequent stages can either be
managed as changes to the project (with the same project number) or as one or
more new projects.

Often all the design stages will be a single project, while engineering services during
construction is a separate project and can even have a different project manager that
is more experienced with construction projects. If the project is a design-build
approach, then all stages will part of a single project.

2.2 Interdependencies

Mot projects have several design areas with significant overlap and interdependence
between design disciplines. It is helpful to view design activities as coupled systems
and not linear processes. Although the design stages may be linear (Study, 30%,
60%, 90%, Final) the actual design work within each stage is closely coupled and
can be described as iterative.
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Early design choices by one discipline (e.g. choice of materials, motor size,
foundation type, control strategy) are carried forward to later design stages and end
up impacting the design work by other disciplines. The full impact of these early
decisions is often difficult to predict but made worse if there is a lack of early
collaboration.

Without collaboration, silo based assumptions in one area may lead to rework and
an increase in construction costs. Collaboration can consist of iterative feedback
processes, formal interface control, and multidisciplinary reviews.

2.3 Example Scenario: Roof Design

As an example, a project includes the design of a new building with mechanical
equipment and an overhead crane to lift and move the equipment. The building
height is initially sized by an architect based on a rigid steel frame building. Later, the
structural engineer decides to utilize a truss-type roof design based on a recent
project. This reduces the room clearance. The mechanical engineer selects
equipment and assumes there is sufficient clearance for the overhead crane and
considers that a structural design element. Preliminary drawings and a preliminary
construction cost estimate are developed and presented to the client.

In detailed design, the structural engineer designs the corbels to support the
overhead crane, and specifies the crane requirements. A section view shows the
required hook height. The project manager requests that the structural engineer
share the section view with the mechanical engineer to confirm it is adequate. The
mechanical engineer reviews it and determines an extra 18” are needed to be able to
lift and move the equipment. The structural engineer raises the building height and
informs all the other disciplines to update their drawings. The HVAC design requires
a larger air fan to achieve the greater air changes per hour.

At the end of detailed design, the cost estimate is updated to show an increase of
$500,000 related to the building height increase. The project manager knows this will
be difficult to explain to the project sponsor and value engineering may be the next
step. The PM inquires if the roof design can be changed back to rigid frame as the
architect originally assumed. The structural engineer determines that it can be
changed, however it will take 40 hours of rework. Also, the construction cost of the
building will still be over the preliminary construction cost estimate since the truss
design is more economical.
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Figure 3: Example overhead crane and steel roof.
Source: commons.wikimedia.org/wiki/File:Overhead_Crane_Picture.jpg, Prashant32, CC-BY-SA-4.0

2.4 Organizational Structures

The structure of multidisciplinary teams has a considerable impact on the
communication pattern and decision flexibility of the teams. Engineering
organizations are dominated by three main types of organization: functional, project-
based, and matrix organization. Each are described in the following paragraphs.

In functional teams, members are grouped by market, product, field, discipline or
delivery approach. For example, a public market group and a private market group.
These departments can become isolated “silos”. Although this fosters a strong
technical growth and standard compliance, it may hamper the coordination between
departments. Bureaucratic communication channels tend to slow down projects that
mean thorough cross-disciplinary cooperation. Also, technical support usually cant
be gained from an expert in a different silo without overcoming bureaucratic
approvals and special tracking, sometimes as a separate internal project.

Teams in project-based organizations are designed so members can completely
focus on assigned projects, typically with the same PM and common team members
for each project. This structure improves communication and ownership and decision
velocity but may lead to inefficiency when technical knowledge is not effectively
preserved throughout the organization. Project-based organizations tend to be less
efficient than functional teams, because there are few standardized templates and
shared resources within each discipline.

A matrix organization combines both the project-based reporting lines and functional
lines. The engineers do not lose their disciplinary orientation but are placed in

multifunctional project teams. The dual structure encouraging resource flexibility and
knowledge transfer but can result in ambiguity in authority since they report to both a

Engineering Project Management — Leading Multidisciplinary Teams | www.pdhlibrary.com




discipline manager and a project manager. A weakness is potential role conflict in
case where priorities of projects and functions become unbalanced and multiple
commitments cannot be met. A PM should regularly check in with team members
and request team members to report immediately if there are any schedule conflicts
that could delay the work.

There are other hybrid structures and temporary structure adjustments as big
projects start and stop.

Whatever the organizational structure, digital integration platforms can optimize
performance in complex, geographically distributed METs. Digital collaboration
environments such as Building Information Modelling (BIM) or Product Lifecycle
Management (PLM) systems mitigate the physical separation of teams by providing
shared access to design data and real-time coordination.

2.5 Project Organization

Staff organization charts (org charts) are essential for large design projects. These
charts show all key team members and their roles in a hierarchy format. Org charts
are especially helpful for team members that are more visual learners. They should
include all known staff and subconsultants working on the project and be updated
and distributed with any changes. On projects with dozens of staff, or with unknown
assignments, a list of ancillary staff can be added to the bottom of the chart or a note
added.

See Figure 4 for a very basic org chart, just to convey the topic. Staff names and
assignments/roles should be included. Note that subconsultants should also be
included and placed below the staff member they should primarily be reporting to,
such as the project manager or design lead/manager.
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Figure 4: Example Staff Organization Chart. Names should be included.
Source: Author
In Figure 4, there is a “Design Manager” assigned to manage the engineering work
by all disciplines. This is common on large design projects, in which it is helpful to
assign a single individual as responsible for leading the design process. Below are
common titles assigned to this individual:

e Design lead or leader (DL)
e Design manager (DM)

e Design coordinator

e Design director

¢ Engineering lead

e Principle engineer

¢ Engineering manager

2.5 Coordination Mechanisms and Knowledge Integration

The success of MET projects is not a matter of technical excellence but of integration
excellence. Coordination is the main tool to achieve excellence in integration.
Mechanisms of coordination are either formal or informal. Design reviews, interface
control documents and configuration management procedures are part of formal
mechanisms. Unofficial communication in peer consultations and online chat
networks form relational trust which can be utilized in tacit knowledge exchange.
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The combination of hierarchical control and collaborative autonomy is used in
efficient teams. Hierarchical structures ensure compliance and accountability, while
collaborative autonomy allows experts to exercise discretion in solving design
challenges. A successful team swings between these modes.

Agile-related methods are also becoming common for specific design elements.
Agile is an iterative approach where small changes are made, then the team
regroups to review the impact, then takes on the next small element of design. This
agile approach reduces the feedback cycle, promotes brainstorming, and quickly
gains input from all disciplines. This is similar to holding Design Workshops where
team members progress the design and collaborate at the same time. The PM
should carefully plan out any agile integration or design workshops, and explain the
benefits to the team, as team members may not be used to these approaches and
may be reluctant to participate.

A PM can benefit from learning about 3D modeling standards as models can
facilitate integration of discipline design work. ISO 10303 STEP standard provides a
standard language of data sharing across the CAD, CAE, and CAM systems. On the
same note, system modeling languages (SysML) and digital twins offer a visual
representation of all interdependences, enabling joint simulation and validation.

What is considered technically sound, low risk, or optimized by one designer may be
questions, critiqued, or flat-out rejected by other designers or peer reviewers. The
PM should help smooth over any overly negative comments and facilitate focusing
on a sound logical solution without personal attachment or emotions to any particular
design approach.

Also of mention, MET projects can utilize Design Structure Matrices (DSMs) and
Integrated Master Schedules. These tools visualize flows of information across
disciplines so that leaders can recognize high-dependency nodes, where
coordination can be proactively used to stop downstream conflict. Most importantly, a
team member should be assigned to manage any such systems to help ensure the
technology is understandable and actually being used properly.

2.6 Example Scenario: Renewable-Energy Plant Design

Take an example of a renewable-energy-plant which combines solar, wind and
storage systems. The civil team come up with the site layout and the drainage
design for the site. The mechanical team designs the turbine and racking. A
structural engineer is responsible for the foundations. Electrical engineers are
assigned the grid interconnections, inverters, and protection systems. A software
programmer is assigned the control architecture and supervisory control algorithms
for energy dispatch. Systems engineers arrange subsystem interfaces, making sure
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that power control logic is in line with mechanical tolerances and environmental
models. An environmental specialist supports obtaining the regulatory approvals
required.

Structural engineers assume loads based on preliminary equipment selections from
early coordination meetings and the initial 3D model. In reality, there are three
different equipment suppliers being considered, all with different electrical and
structural loads. This misalignment may lead to an over-design or under-design of
the foundation system. This is solved by the PM requesting that the 3D model be
updated with different layers for each of the three potential equipment selections,
and that the layers be allowed to be turned on and off. This allowed all three
configurations to be viewed and critical dimensions obtained for the structural
engineer to perform foundation calculations and sizing. The structural engineer
created a detail for each equipment scenario, so that whichever equipment is
chosen, construction expectations are clear. The cost estimator used these details to
price adders for each equipment alternative. This is an example of boundary-
spanning leadership by the PM and flexibility by the structural engineer.

3. Leadership Theories for Design Teams

The leadership of multidisciplinary teams is different in principle to traditional
management in the sense that it involves systems with multiple areas of expertise
that are interdependent. The challenge for PMs and other leaders is to inspire the
team to collaborate with strategic insight and enough technical knowledge to be able
to grasp the design issues as they arise.

The quality of leadership does not exist in the form of positional power but the ability
to guide the team to take actions that solve problems and prevent problems. A big
part of being successful is to be a transformational leader that motivates and
empowers the team, as depicted in Figure 5.
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Figure 5: Comparison of leadership styles based on effort and team engagement.
Source: commons.wikimedia.org/wiki/File:Full_Range_Leadership_model.jpg, p.d.

market behaviour

3.1 Transformational and Situational Leadership Models

Transformational leadership focuses on the inspirational influence that an individual
can have on team members by providing a shared vision and using subtle influence
techniques, intellectual stimulation, and personalized conversation. In MET projects,
the PM and design leads are potential transformational leaders that can define a
common goal at the system-level, which crosscuts across technical silos at an
individual level. They teach designers to challenge assumptions, and combine
creative points of view, which is required in challenging design spaces where no one
discipline can be used to optimize the entire system. Empirical evidence shows that
transformational behaviors enhance the outcomes of innovation as well as cross-
functional collaboration within the engineering contexts.

MET projects are dynamic with changing technical requirements and high risk
profiles. Situational leadership is a complementary model whereby the leader
fashions the style according to the maturity and stage of the project and the team. As
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an example, in concept formulation there is a need of high direction so that
objectives have a sense of clarity and system boundaries. During detailed design,
there is a need for more participative and delegative behaviors are more productive
due to autonomy of disciplinary experts as they get closer to completing the
deliverables. During the moments of critical integration, the leader switches between
the directive (to coordinate interfaces) and supportive (to provide morale) forms of
coordination. Such flexibility follows the adaptive theory of leadership, according to
which complex technological situations demand the constant redistribution of power
and cooperation.

Most importantly, leadership in MET projects should be flexible and contingent on the
actual needs of the project at each stage. The level of transformational leadership
from a PM should be based on the level of uncertainty in the design and the
completeness of the design. This can be called situational adaptability.

3.2 Technical Leadership vs. Managerial Leadership

Technical leaders (like a design manager) command with knowledge and design
control. Managerial leaders (like a PM) command with planning, resource
provisioning, and alignment of stakeholders. Effective METs need a combination of
the two.

Three core competency skills for good leadership are:
1. Technical skills, such as expertise in a specific discipline,
2. Human skills, such as the ability to work well with others, and
3. Conceptual skills, such as the ability to think strategically and work with ideas.

The first two competencies are well established in most organizations. For MET
projects, there is strong need for a PM with conceptual skills. MET projects are
based on conceptual design ideas that cross over multiple disciplines. Meeting
project objectives is contingent on finding creative solutions that are fully vetted
technically by each discipline team. The PM, design manager, and other leaders
need conceptual skills to envision how the design components are coming together
and strategize on tackling the high risk aspects of the design.

The epistemic anchors of the team are often technical leaders such as senior
engineers and systems architects. They have power rooted in technical skills, which
is essential in terms of resolving conflicts, meeting design criteria, and analyzing
technical alternatives. However, technical excellence would become fragmented
unless there is managerial structure. Managerial leaders make sure that tasks are
distributed, documented, reviewed, collaborated, and fulfilling contract requirements.

The difficulties emerge with the clash between these spheres: a project manager can
be focused on following the budget, whereas a technical lead can focus on the
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optimization of the performance. The best leaders can work in this duality with the
help of ambidextrous leadership that alternates the exploration (innovation-driven)
and exploitation (efficiency-driven) behaviors.

This is especially important in projects with an element of public safety, which should
not be sidelined for budget or schedule. However, there are usually different
alternatives that meet the minimum safety requirements, while some go beyond the
minimum (usually for a cost) and others do not. A PM should help set the ground
rules in advance on how design decisions are made and which stakeholder inputs
are needed, to avoid analysis paralysis, where a design is stuck in never ending loop
of comparing alternatives, getting input, re-comparing alternatives, getting more
input, etc.
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. 3.3 Distributed and Shared Leadership Approaches

Conventional hierarchical patterns are not always best for MET projects. There is a
growing movement towards distributed or shared leadership, in which governance
and decision making is shared among more than one person and everyone can play
a role in guiding design decisions. In geographically separated groups, leadership is
practiced by the person who possesses the most topical knowledge on a particular
issue, regardless of title. This is consistent with the complex adaptive systems theory
that considers teams to be self-organizing systems having emergent coordination.

Practically, distributed leadership allows being agile: a software engineer can be a
leader in debugging a control system because they put in the effort to read and
understand the control logic. A civil lead can become a leader in reviewing a
structural design for which they have experience. This kind of rotation instills a sense
of ownership and respect towards each other, but the PM should provide oversight
and document the roles to avoid fragmentation and confusion. Engineering company
studies reveal that distributed leadership enhances design innovations and leads to
paralysis of decision making when the line of accountability is indistinct. A PM should
provide an environment in which team members feel compelled to volunteer for tasks
that are in their wheelhouse.

. 3.4 Leading Experts Without Direct Authority

Lateral leadership is usually a characteristic of MET leaders who deal with experts
not under their authority. Authority-free influence is based on credibility, relational
capital, and procedural fairness. Technical experts are mostly opposed to coercive
control and prefer logical consistency and evidence-based decision making. As such,
successful leaders often engage in consultative persuasion, such as forming
coalitions, emphasizing interdependency, and presenting issues as systems-based
(multidiscipline) problems.

Technically misleading leaders (making untrue statements due to lack of technical
expertise) may experience expert pushback which undercuts leadership, or
instructions just won’t be followed.
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On the other hand, leaders that are too technical will tend to micro-manage and
undercut staff, thus losing support of the team. The best position for PM or other
leader is to have a combination of informed dialogue on technical issues and high-
level delegation. This balanced approach will keep the participation of the team
during meetings such as design reviews, joint model walkthroughs, page flips,
brainstorming, alternatives reviews, workshops, standing meeting, and even one-on-
one meetings.

. 3.5 Case Example: NASA’s Jet Propulsion Laboratory (JPL)

The Jet Propulsion Laboratory (JPL) at NASA is an example of multidisciplinary
leadership on a large scale. The mission design reviews at JPL entail hundreds of
propulsions, avionics, materials, and software experts on interplanetary probe
missions. Distribution of leadership in this scenario is inherent as there is a technical
lead in each subsystem team and integration managers whom act as the points of
convergence by participating in iterative design reviews (virtual and in person).

The collaborative approach is demonstrated by Concurrent Engineering Design
(CED) meetings that happen in the JPL's Team X environment. The engineers join
via a common virtual setting, and they consider the trade-offs on-the-fly. The
meetings have a combination of prepared materials and open unscripted dialogues.

The mission architect presents a shared mission that unites various teams (enabling
exploration beyond Earth) and presents an organizational identity. Situational
adaptability is practiced when the participating subsystem leads present design
priorities and leaders provide direction and support. Technical credibility is the basis
of all the decisions made in terms of interactions where the acceptance of the
decision is backed by quantitative analysis and not by hierarchy. An integration
manager is tasked with the responsibility of mediating interdisciplinary mechanical,
thermal and electronic models, which need to be fully integrated and validated.

This paradigm emphasizes the effectiveness of technical legitimacy and facilitative
coordination. An exercise of leadership is done by providing clear protocols, common
tools and open communications under the process design, and avoids positional
dominance.
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4. Communication and Knowledge Integration

The successful performance of a multidisciplinary engineering design team is based
on knowledge integration and effective communication. With this type of team,
various experts are united whose skills, practices, and terms vary greatly. A PM
should focus on the open transfer of information and the development of common
ground to encourage continued collaboration.

The success of design integration depends on the quality of the communication.
Complex engineering projects share as much in common with the information flow
management as with technical solutions. A good start is to regularly provide formal
emails the design team with project status, updates, and action items.
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Figure 6: lllustration of communication breakdown across disciplines, representing

misinterpretation and information distortion common in multidisciplinary teams.
Source: Author

. 4.1 Cognitive Diversity and Knowledge Boundaries

Cognitive diversity is term that describes a team with different mental models,
different problem solving heuristics (mental shortcuts) and different epistemological
assumptions (beliefs about the nature of knowledge and truth). A group with diversity
in these areas will be good in generating innovate design solutions.

The problems are defined in each field of engineering: a structural engineer deals
with loads and material, an electrical engineer with signal integrity, and a software
engineer with algorithms and latency. Working constantly in only one area usually
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develops a certain approach to problem solving which may not work as well for
problems in other disciplines or cross-discipline problems.

According to the model introduced by Carlile (2004), there are three categories of
boundaries to overcome in a multidiscipline team:

e Syntactic (language differences)
e Semantic (interpretation differences)
e Pragmatic (conflict of interests)

PMs may have to help the team overcome all three. Standardized terminologies and
modeling conventions, e.g. common coordinate systems or common units of
measure, can be used to decrease syntactic barriers. Visual tools and collaborative
simulation reduce semantic barriers through enabling engineers to see the logic of
each other. Competing design goals or performance measures give rise to pragmatic
barriers that need to be identified and overcome, often through negotiation and
compromise.

Although the diversity of the mind generates creative solutions to problems, it should
be balanced with integrative processes that avoid disintegration and analysis
paralysis. PMs can organize so-called “boundary objects” (e.g., shared models,
mock-ups, dashboards, roadmap meetings) that overcome boundaries, promote
dialogue and harmonize understanding between disciplines. Of course, these events
should avoid micro-managing of each discipline.

4.2 Communication Channels: Formal Reviews

Communication engineering is a process that works both formally and informally.
Structured convergence spaces are formal such as design reviews, coordination
meetings, page flip meetings, governance meetings, and change-control boards.
Through proper management, design reviews provide multidisciplinary insights and
unravel concealed dependencies. Such reviews can make a big impact on quality.

4.3 Communication Channels: Digital Systems

Meetings can be complemented with digital tools such as Building Information
Modelling (BIM) and Product Lifecycle Management (PLM) frameworks. BIM locates
the space, geometric, and performance information in a central model for which all
disciplines can access and contribute. See Figure 7 for an example.
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Figure 7: Example BIM model of a school design with level of detail (LOD) 400.

Source:
commons.wikimedia.org/wiki/File:LOD_400_BIM_Model_for_MEP_Coordination_at_Brunswick_School,_Connecticut.jpg

Product Lifecycle Management (PLM) is a process for tracking a product's journey
from initial concept, through design, through manufacturing/construction, service,
operations, and eventual demolition and disposal. A PLM system documents aspects
of design and provides for version control, configuration management, and
traceability. The systems generate information transparency where team members
and stakeholders get to visualize interfaces and dependencies of various systems
including mechanical, civil, and electrical systems.

Nonetheless, digital integration adds a risk of information overload and more
complex governance. Strong dependence on a central data warehouse can result in
reduced local responsibility and situational awareness. To avoid ambiguity, the PM
and Design Manager should develop proper communication measures that specify
who updates the data, who validates and approves it. And the PM should schedule a
review meeting to go through the models and data as a group and confirm there are
no scope gaps.
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4.4 Digital Collaboration Tools: Autodesk BIM 360, Jira, and Beyond

The adoption of digital collaboration tools has changed the way multidisciplinary
teams carry out the coordination of multifaceted designs. Applications like Autodesk
BIM 360, Jira, and Asana allow simultaneous inter-disciplinary and inter-time zone
work. As an example, the cloud platform offered in BIM 360 allows 3D model access
so that structural, MEP (mechanical-electrical-plumbing), and architectural teams
can detect clashes at an early stage. Jira is used in tracking changes and issues in
engineering, using the agile manner.

More importantly, these tools are not just data warehouses as they constitute social
systems that promote working together. BIM 360 or Jira can be effective or not
based on governance, how issues are logged, who finds a solution, and how one
can monitor accountability. In the absence of explicit workflows, digital instruments
will tend to duplicate the silos that they are supposed to break. As such, a
technological adoption should be complemented by training to promote integration
as opposed to isolated deliverables.

Further, software ecosystem interoperability can be complex and burden the design
team. Managing a design project with a combination of BIM (Autodesk BIM 360),
PLM (Siemens Teamcenter) and custom Application Programming Interfaces (APIs)
is a comprehensive approach but very difficult to co-manage. There are usually
delays to synchronize the different software and data inconsistency. New norms such
as ISO 19650 provide guidelines that allow management of information in the
lifecycle of an asset, yet it takes a rigorous data management and dedicated staff to
ensure its proper implementation.

4.5 Visual Communication and Common Data Environments

Visual representation is a medium to transcend individual disciplines using cognitive
visual representations that include project charts, 3D modeling, simulation
dashboards, and digital twins to map abstract parameters with shared visual
representations. The tools facilitate visual argumentation where team members show
their solutions through models and not words, which can more quickly arrive at an
alternative selection. Models tend to have less ambiguity and groups can grasp the
end product much faster than looking at 2D drawings.

A Common Data Environment (CDE) is normally developed in BIM or PLM under
which all project information drawings, models, specifications, and change logs are
centralized under an umbrella authority of controlled access privileges. Examples
include an internal network, Autodesk Construction Cloud (Autodesk Docs), Trimble
Connect, Bentley Projectwise, SharePoint, Google Drive, OneDrive, MS Teams, and
Dropbox.
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A CDE facilitates file management and allows tracking what has been decided thus
eliminating duplication and rework. As an illustration, in the case of a mechanical
engineer making changes to a duct path in an AutoCAD base file, which is x-
referenced by other discipline drawings. The changes are automatically updated
(next time the user refreshes or opens the drawing) which informs the electrical team
to re-route the cables to avoid a conflict/clash. This synchronization is in real-time
and substitutes the serial workflow with parallel cooperation. It is still good practice to
send a message to other disciplines that a change has been made.

CDEs have governance and ethical concerns as well. Which team "owns" or is
responsible for the shared data? What can be done to reconcile conflicting versions?
In order to maintain accountability and establish openness, leadership should
develop data ownership and metadata conventions. These tools are not just for
sharing information but knowledge integration that turns raw information into a
collective meaning that enhances coherent design intent.

4.6 Example Scenario: Clash Detection in BIM

Consider a hospital construction project where mechanical and electrical systems
share tight spatial corridors above ceiling panels. In the process of coordination, the
BIM model identifies a clash between a duct of an air-conditioning and a high-voltage
conduit. The mechanical engineer insists on duct realignment to maintain airflow
efficiency whereas the electric engineer opposes this based on the requirements for
clearance of voltage. A cross-disciplinary review is arranged in Autodesk BIM 360 by
the BIM coordinator of the project. The visual overlays allow the teams to evaluate
the interference area and experiment with other possible routing directions.

Via the collective digital experience, both the mechanical and electrical engineers
consent to slightly decrease the duct and divert the conduit to maintain the code
limit, which is confirmed by the simulation. This resolution serves as a good example
of integration by means of visualization: conflicting local maximizations were
reconciled by a common spatial model, rather than by means of hierarchy or
excessive back and forth communication.

5. Managing Conflict and Decision-Making in METs

MDT projects involve multiple specialists with competing interests and tight technical,
budgetary, and regulatory limitations. It is no surprise that conflict arises. Although a
certain degree of conflict is a positive factor in innovation, uncontrollable conflict
interferes with coordination and the quality of decision making. The PM should strive
to resolve conflicts quickly to stay on schedule and in a fair and systematic manner
to maintain team cohesion.
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Figure 8: Representation of multidisciplinary collaboration and teamwork, illustrating

inclusivity, diversity, and shared engagement as foundational values in design teams.

Source: www.digits.co.uk, CC
5.1 Sources of Conflict

Resource competition, technical standards, and incompatibilities, are the biggest
culprits that lead to conflicts in MET projects.

Resource competition is a situation where different sub-teams are in need of the
same budget, staff, or computers. Resource allocation decisions in early stages of
projects are often made to favor one subsystem to the disadvantage of one of the
other subsystems, which isn’t fully realized until later in the design.

For example, in a rocket design, an early decision is made to add more fuel for
propulsion and to have the limited structural team focus on the propulsion system.
Later when the structural team gets to designing the upper portion of the rocket, they
realize extra fuel increases the stringer sizes and restricts critical access. A redesign
is needed which adds costs and changes the propulsion dynamics. Since the
structural team had limited availability, they waited to asses a critical component that
ideally would have been done earlier.

Another cause for tension is differing standards and professional norms. For
example, early in a project, the civil engineer focuses on an efficient site layout with
a looped road for fire department access, only reserving a small area for an electrical
transformer. Meanwhile the electrical engineer focuses on power supply reliability
and promotes a full standby generator system which would require a zoning
variance, air permit, and not allow a looped access road. These different approaches
are indicative of the disciplinary epistemologies, where every group has a different
perspective on quality and priority. Such differences can be a positive as the project
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sponsor and stakeholders may want to hear different perspectives and alternative
arrangements to select what is best for the owner and end users.

Interfaces (overlaps or interconnects between discipline scope) are another
important consideration. Poor physical, informational, or functional interface
coordination gives rise to duplication of work and accusations of who is to blame.
According to the study conducted by Eppinger and Browning (2021), the maijority of
expensive design alterations begin at the interface and not inside the discipline,
which highlights the need for early collaboration.

An interface example is the plumbing team designs the water and sewer pipes to 5
feet outside the building and the civil team designs the yard piping from there. The
two teams need to have the same pipe diameter, horizontal location, and vertical
location for the interface to be constructed. Also, if the pipe materials are different,
one of the teams needs to specify the required transition coupling. Each team could
blame the other, but ultimately one of them needs to add the coupling specification.
The sooner this is identified, the less painful the decision.

Such tensions are not of a personal nature but technical in nature. The PM should
remind the team of this if emotions run strong. The nature of the complex
interdependencies will result in conflicts, but the important part is how the team
resolves it under the leadership of the PM.

5.2 Conflict-Resolution Strategies

The two main methods to resolve conflicts are 1) interest-based negotiation and 2)
integrated problem solving.

Interest-based negotiation aims to unravel the needs as opposed to demands. As an
example, the mechanical and electrical engineers do not agree on the size of an
enclosure. The PM listens to both their concerns and paraphrases the argument
based on the mutual concern of maintainability and safety. The PM holds a meeting
and reminds the team of the project objectives and performance drivers. The project
sponsor had continually insisted on the top priority of safety. Next, the PM requests a
review of the alternatives, such as modular casing, flexible mounting, and enclosure
relocation. The team agrees on an enclosure size and arrangement that maximizes
safety. The PM documents the selected alternative and later explains the
recommended approach to the project sponsor, who agrees. This approach makes
conflict an exercise of design optimization and not a zero-sum conflict.

This logic is extended to integrated problem solving in which conflict is re-
conceptualized as a systems-design opportunity. Instead of striking a balance
between conflicting goals, teams investigate win-win designs by brainstorming and
reviewing potential design adjustments. Synthetic creativity can be achieved through
approaches like development of morphological analysis or design thinking
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workshops. Such strategies are based on psychological safety in which team

members should feel safe to raise different opinions without being prejudiced.
Leaders achieve this environment through normalization of conflict as another
characteristic of complex design and not a professionalism deficiency.

In both approaches, transparency in communication is crucial and reasoning using
data. The discussion is supported by objective evidence simulation, cost models, or
test data, and does not lead to the development of personal disagreement.

The PM should keep in mind that creative design solutions can vary from the agreed
scope to the extent that a formal change order process is needed.
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5.3 Decision Frameworks

Decision making structures help ensure that conflict resolution is in line with the
priorities and constraints of the project.

Multi-Criteria Decision Analysis (MCDA) has been widely used to analyze options
with more than one selection criteria such as cost, reliability, safety and sustainability.
MCDA transforms subjective disagreement into comparison by quantifying trade-offs.
See Table 1 for an example MCDA. Scoring and weighting can be assigned to
alternatives based on an analytic hierarchy process (AHP), which gains input from
stakeholders in terms of prioritizing criteria.

Table 1: Example MCDA Table for Roof Type Alternatives Comparison

Asphalt Shingle Clay Tile Roof Metal Roof

Criteria Weight | Normal. | Weighted | Normal. | Weighted | Normal. | Weighted
Factor Index Index Index Index Index Index
Installation Time 10 1.0 10 0.4 4 0.6 6
Constr. Cost 30 1.0 30 0.2 6 0.3 9
Colors Available 10 0.2 2 0.1 1 1.0 10
Aesthetics 10 0.4 4 1.0 10 0.6 6
Life Span 20 0.3 6 1.0 20 0.8 16
Storm Resist. 20 0.7 14 0.8 16 1.0 20
Aggregated Index - 66 - 57 67
Final Score’ - 0.99 - 0.85 1.0
Notes:
1. Higher is better, normalized to 1.0

Design to cost (DTC) is an approach to design that integrates cost as a design
variable and not as a constraint. This promotes synergy between engineering and
financial fields in such a way that the consideration of cost-efficiency should not
compromise functionality. DTC encourages value engineering and the concept of
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functional equivalence by innovation, as opposed to compromising quality or
performance.

Risk matrices also complete these frameworks by identifying uncertainty and
quantifying the potential negative impact. They measure probability and impact of
project risks, and so provide the opportunity to prioritize and mitigate risks. The
combination of risk-oriented thinking and MCDA enables balancing various priorities
and risks in selecting an alternative. See Figure 9 for a depiction of risk
management.

Plan
(What, when,

how)
Monitor \
t <

and Repor >
(Know what's
happening)
Handle

(Mitigate the
risk)

Assess

(Identify and
analyze)

A Continuous Interlocked Process—Not an Event

Figure 9: lllustration of the continuous risk management cycle showing the
interconnected stages of planning, assessing, handling, and monitoring risk.

Source: commons.wikimedia.org/wiki/File:Risk_Management_Elements.jpg, p.d.

MCDA and DCT structures enable the formalization of the intricate decision-making
process, which evades hierarchical and intuitive decision making and encourages
the sense of ownership to design outputs.
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5.4 Example Problem: Trade-Off Between Weight Reduction and
Structural Integrity

An example conflict situation is the one between aerospace and automotive design
where there is a tradeoff of reducing weight (to increase efficiency) versus structural
integrity (to provide safety). The mechanical design team offers a solution in which
thinner materials are suggested to gain performance. The structural team cautions
that the member stresses may exceed safety limits.

The PM holds a meeting with the help of which an MCDA framework is used and
includes mechanical, structural and materials engineers. Three material options are
compared using weighted criteria: safety (40%), cost (30%), manufacturability (20%),
and performance (10%). The results of the simulation indicate that the composite
material option provides an average weight loss without loss of safety. The latter
solution is adopted by the team. The PM documents this and informs the project
sponsor.

This is an example of how the conflicts, when handled within the analytical and
participatory framework, drive design quality as opposed to inundating it. The PM
and Design Managers are not supposed to prescribe solutions but arbitrate decision
logic in such a manner that technical trade-offs are clear, rationalized, and agreed
on.
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6. Innovation, Creativity, and Risk Management

In design teams, innovation needs to include a balance of creativity and control.
Although creative exploration provides a source of innovative technical solutions,
design is bound by factors of safety, regulations, and cost pressures. The PM should
help the team reconcile between divergent thought and rigorous management of risk.
In complex design fields like aerospace, automotive and renewable energy,
innovation is developed not by isolated brilliance, but through systematic teamwork
across interdisciplinary and epistemic barriers.

6.1 Encouraging Divergent Thinking in Technical Contexts

Divergent thinking is the mental creation of new solutions to problems. Although
commonly applied to creative or imaginative work, it also applies to design and
engineering work. Often design problems for complex systems are open-ended, ill-
structured, and require exploration to be investigated iteratively instead of simply
being optimized. Nevertheless, designers tend to promote ideas based on historic
success and personal experience. Sometimes brainstorming can end up with tweaks
to known solutions instead of coming up with new concepts.

Psychological safety and directed ideation can be used to reverse this tendency with
the help of leadership interventions. A psychological safe environment allows all
members of a team to express unusual ideas without being criticized or overlooked.
Organized methods include morphological analysis, design thinking sprints, and
focused design meetings with divergent/creative stages prior to solution
convergence. In these sessions, team members are urged to avoid critiquing others
and generate radical alternatives.

Practically, the development of divergent thinking entails facilitation that has
undergone adequate calibration to project objectives and requirements. Excessive
freedom will result in wasting time while excessive restraint will result in
incrementalism. Between them, leaders can be seen as boundary managers, since
they establish scopes of problem definition broad enough to promote creativity yet
narrow enough to be viable in light of project objectives and restraints.
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6.2 Balancing Creativity with Regulatory and Safety Constraints

The process of engineering innovation is tightly regulated and supervised in terms of
safety, code compliance, and regulatory requirements. Any change in design in
aerospace or a medical device setting should comply with certification standards.
However, an excess on compliance might ultimately inhibit experiments and hesitate
to implement better solutions. The challenge is to incorporate creativity into the risk-
managed processes and incorporate innovation into compliance systems as
opposed to excluding it.

The principle of moderate risk taking is a relevant model. An example of controlled
risk-taking incorporates experimentation within a set of specified limits like in a
prototype setup, simulation context, or hardware-in-the-loop testing of possible
failures that are limited and analyzed. As an illustration, engineers might simulate
non-researchable materials in physical simulators prior to experimental tasks and
avoid risks to their health through creative experimentation.

Also, engagement within the regulatory process may be an innovation in itself.
Dialogue with regulatory agencies early usually demonstrates flexibility in
interpretation in standards allowing creative design directions that do not oppose
intent. A PM should perceive regulation as a collaborative opportunity and not an
obstacle.

Balancing the two opposing principles of creativity and safety necessitates dual
thinking: divergent exploration of the idea and convergent validation of it.

6.3 Using Design Reviews to Capture Innovative Cross-Disciplinary
Ideas

Properly organized design reviews are not quality control exercises, but forums of
innovation. They give the space to combine the viewpoints of various fields, unearth
assumptions, realize shortcomings in interfaces, and discover opportunities through
the eyes of different disciplines which have different ways of approaching problems.
Cross-functional reviews provide a venue that generates new solutions.

Design reviews should adhere to principles of inclusivity, transparency and iteration:
¢ Inclusivity ensures that all the relevant disciplines attend, contribute, and are
heard.
e Transparency means that all team members review all the same design
document revision and can view each other’s comments and responses.
e |teration encourages follow-up to comments and dissemination of revised
documents for back-checking and re-review as needed.
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A limitation of design reviews is the risk of groupthink, which is the premature
convergence toward consensus to preserve harmony. Countering this requires
structured dissent mechanisms such as “red teams” or rotating devil’'s advocates
who critically test assumptions. Through these processes, reviews become engines
of collective intelligence rather than bureaucratic checkpoints.

The PM should ensure review comments are properly documented and saved for
later reference. Check your organizations policy for how long such documents
should be kept. Some organizations delete and shred them after project completion
or construction, as they are discoverable and can be a legal liability.

6.4 Case Example: Cross-Functional Design Sprint for Autonomous
Vehicle Subsystems

This example includes a cross-functional design sprint by an autonomous vehicle
development consortium. The sprint involved mechanical (chassis and dynamics),
software (Al perception and control), electrical (sensor arrays) and systems (safety
architecture) engineers. The goal was to research the sensor integration module
within the car to create a shorter response time and increase the ability to tolerate
failures.

During a sprint of 5 days, teams were going through quick ideation, simulation and
prototyping cycles. Uncommon ideas like distributed sensor fusion through edge
computing were developed during divergent thinking sessions. The systems
engineer helped in integration discussions to address the safety compliance in the
brand of ISO 26262. At the conclusion of the sprint a hybrid combination was
conceived: a decentralized architecture of redundant microcontrollers and
algorithmic reflexivity. Experiments for validation of the idea were identified using risk
parameters and acceptance criteria. Later testing showed the concept to be a viable
solution.

The sprint not only provided an exceptional technical deliverable, but also strengthen
the inter-disciplinary trust.

6.5 Integrating Innovation and Risk Management

Innovation and risk management are not always contradictory but can be
complementary. The creativity can be infused in risk frameworks like Failure Mode
and Effects Analysis (FMEA) and hazard logs to recognize not just source of failure
but also areas of innovation where the mitigation of risk overlaps with increase in
performance.

NASA and Siemens are organizations with combined risk software to facilitate safety
reviews, compliance, and creative problem solving. Leadership can turn uncertainty
into a resource and opportunity, instead of just seeing it as a threat.
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7. Digital Transformation and Collaborative Technologies

METs are being redefined by digital transformation, especially since COVID 19 which
changed how teams work remotely. MET projects tend to tackle more technically
complex challenges than other professions with work from home and hybrid office
practices. So special attention should be taken by the PM to prevent isolation of any
team member.

The adoption of the Industry 4.0 (Fourth Industrial Revolution) technologies includes
digital twins, artificial intelligence (Al), Internet of Things (loT), and cyber-physical
systems. These are transforming the design process to shift towards the real-time
and data-driven models. These technologies do not simply automate something;
they transform the cognitive and organizational background of engineering work.

Digital transformation in multidisciplinary environments ultimately enables stronger
integration across mechanical, electrical, software and systems inventories. However
it is accompanied by novel risks in data governance, interoperability, and
cybersecurity.

Strategies

People = = Culture
Processes = Efficiency
Platforms = Experiences

Ecosystems = B2B Interfaces

Technologies

Figure 10: Framework illustrating the digital transformation “DNA,” linking people,
processes, platforms, and ecosystems across strategies and technologies to drive
culture, efficiency, user experience, and business-to-business integration.

Source: www.digiole.com, CC
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7.1 Impact of Industry 4.0 and Digital Twins on Team Collaboration

Industry 4.0 is bringing about the digitalization of manufacturing and engineering
ecosystems, whereby cyber-physical systems and intelligent connectivity are
assisting in design. In the case of METs, the most radical component is the digital
twin, which is a vibrant, virtual duplicate of a real-life item or process. A digital twin
can utilize real operations data, historic and in real-time (if possible), to analyze the
design and optimize the design based on actual operating conditions. Digital twins
create concurrent design, simulation, and monitoring, which create collaboration
among design, production, and operations. The digital twin is usually given over to
an operations team after startup to utilize for operations purposes. So it is not just a
design tool.

Digital twins, in contrast to static 3D models, offers a dynamic model that moves and
changes based on operating conditions. The mechanical engineers can test the
stress responses; electrical engineers can test a load of circuits, and software
engineers can test control algorithms, all in a single virtual environment. Simultaneity
brings about speed in iteration and minimal design risk.

Nevertheless, digital twins have drawbacks. They need powerful data integration
architectures to be effective. Interoperability of various software environments such
as CAD, CAE, PLM and simulation tools, is a consistent issue needing attendance.
Unless the standard data protocols like ISO 23247 or OPC UA are used, the teams
will suffer fragmentation, and version control issues. Additionally, since real-time data
of the sensors and internet of things devices introduce data into the twin, it is
important to validate the data and track the data to avoid the spread of errors across
systems. Like the old saying, garbage in equals garbage out.

Building and maintaining a digital twin takes a considerable effort, with starting costs
of around $50,000 for the initial development of a simple system and much higher for
complex systems, plus ongoing costs to maintain the model.

It is imperative that leaders should not view digital twin ecosystems as technical
systems only, but as socio-technical infrastructures that need to have well-defined
roles, governance guidelines, and communication standards. Human coordination is
equally important to the success of such transformation as software integration.

7.2 Role of Al and Data Analytics in Multidisciplinary Design

Artificial intelligence and data analytics are the extension of digital transformation
that allows seeing ahead and pre-designing designs. Machine learning algorithms
process large data sets generated by simulations, sensors, and previous projects to
find anomalies, predict failures and suggest design solutions. Al can be used in MET
projects to automate and augment the decision-making process: repetitive analytical
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operations are automated and data-driven suggestions are provided to augment the
choice.

In the case of structural-mechanical integration, Al may be used to define trends in
stress distributions that determine locations of fatigue overload even before testing is
performed on a prototype. In the same way, design documentation of any field can
be processed, by means of natural language processing (NLP) tools, to identify
discrepancies in specifications. Predictive analytics can enhance the planning of
projects, with estimates of resource bottlenecks and schedule risks being identified
based on historical performance.

However, epistemic and ethical issues arise when Al is utilized. The results of
algorithms are based on data quality and model transparency. Engineering judgment
and accountability may be compromised as a result of over-reliance on black box
predictions. Therefore, Al should not be a decision substitute but a decision support
system. Humans-in-the-loop governance in cross-disciplinary teams should also be
applied to ensure that technical specialists confirm the Al-based conclusions on the
basis of physical laws, requirements, and professionalism.

Transparent Al options are available to provide insight into the Al's internal decision
making process and to provide savable outputs for documentation. Professional
engineers (PEs) in responsible charge need to maintain direct control and personal
supervision of the design elements under their responsibility. Each PE for the related
work should be consultant before making Al software decisions for design purposes.

Another dimension that is emerging is that of generative design, in which Al
algorithms automatically produce a number of design configurations that are
optimized on competing factors, i.e., weight, strength and cost. Although generative
tools are faster, they may introduce interpretability gaps that teams need to
comprehend the reason behind the algorithmic suggestion to move forward with the
solution.

7.3 Cyber-Physical Integration and Security Considerations

Cyber-physical integration is the interaction between computational systems and
physical systems under the direction of intelligent control systems that adjust to real-
time situations. Examples are autonomous vehicles, intelligent buildings, and
predictive maintenance networks. This integration forms closely integrated feedback
loops for the design team to analyze and learn lessons.

Nevertheless, interconnectivity of the cyber-physical systems creates new
vulnerabilities. When digital twins, loT devices, and cloud platforms communicate
with sensitive data on how they operate, they become vulnerable to cyber-attack.
The cybersecurity has ceased being just an IT issue but an everyone issue, and
should be considered during design. The presence of threats that include
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ransomware, tampering of data, and theft of intellectual property can undermine the
level of safety and performance of otherwise good design.

A serious approach to the issue of cyber-physical security incorporates security
systems at all design process levels like encryption of data streams, identity
verification of devices, and constant surveillance of the threats. ISO/SAE 21434
automotive cybersecurity standard and IEC 62443 industrial control system
standards are some of the standards that MET projects use to incorporate the
concept of resilience into design. Notably, security should co-exist with usability
since too much access control may deter usability. Leaders need to be open to
innovation while staying committed to reliability.

7.4 Example Scenario: Integrating loT Data in Smart Infrastructure
Design

A multidisciplinary project is considered to design a smart bridge that has embedded
loT sensors to measure the strain, temperature, and vibration. First, a digital twin of
the bridge is to be made and validated. A digital twin is an aggregation of real-time
loT data, which allows making proactive maintenance decisions and adjusting load
strategies.

The project team includes civil, structural, electrical, software and systems
engineers.

In the development stage of the digital twin, the group faces problems of
interoperability between the sensor firmware and the analytics dashboard. Open
data standards (MQTT protocol) and consistent naming conventions facilitate the
coordination of an integration sprint through the systems engineer. At the same time,
cybersecurity experts introduce coded communication channels to stop unauthorized
access to information.

The result is a robust cyber-physical system that keeps updating its digital twin
enabling to predict fatigue cracks early and the optimal maintenance plans.

This case highlights how digital transformation is changing traditionally static
infrastructure into these dynamic forms of intelligence that could only be created
through rigorous and cross-domain cooperation.

Digital transformation increases technological, human and process interdependency.
Although digital twins and Al help to increase visibility and prediction, they also
increase the level of complexity and require new governance capabilities.

Human-digital symbiosis is the future of MET projects: engineers that are capable of
blending computational intelligence with critical judgment and data-driven
collaboration to serve innovation are the future.
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8. Course Summary

For multidisciplinary engineering teams (METs), continuous active leadership is a
determining factor for the success of the project. Working in the era where modern

engineering projects are combining several disciplines along with emerging
technologies, the need for a strong PM to bring it all together has never been
greater.

Key takeaways of this course include:

1.

8.

9.

Leadership integration is central: Effective leadership unites technical,
managerial, and interpersonal capabilities to align multidisciplinary teams toward
shared project goals.

. Communication is the foundation of collaboration: Structured communication

through design reviews, BIM platforms, formal group emails, project charts, and
data management prevents misalignment and enhances transparency.

. Technical credibility drives influence: In expert-based teams, leaders gain

trust and cooperation through demonstrated competence and sound judgment.
Adaptive leadership sustains performance: The ability to adjust leadership
styles to project phase, uncertainty, and team maturity ensures resilience in
dynamic design environments.

. Conflict can be productive: Managed through interest-based negotiation and

integrative problem solving, technical conflict often leads to better design
solutions.

. Innovation requires psychological safety: Encouraging divergent thinking and

open dialogue fosters creativity while maintaining technical discipline and
compliance.

. Digital tools enhance but do not replace leadership: Technologies such as

digital twins, PLM, and Al analytics improve coordination but depend on human
governance and accountability.

Cross-disciplinary trust is essential: Building mutual respect and shared
mental models across disciplines transforms diversity into collective intelligence.
Risk management and creativity must coexist: Alternatives comparisons and
iterative design can balance innovation with project goals and risk minimization.

10.Future-ready leadership demands digital fluency: Emerging technologies like

Al, loT, and cyber-physical systems require leaders who understand both
engineering fundamentals and data-driven decision frameworks.

11.Sustainability is becoming a design mandate: Integrating environmental and

lifecycle considerations into multidisciplinary design ensures long-term value and
regulatory alignment.

12.Collaboration is a socio-technical process: Successful METs blend cultural,

procedural, and technological systems, emphasizing both human coordination
and digital integration.
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13.Learning is continuous: Ongoing professional development in systems thinking,
data management, and adaptive leadership is vital to sustain competitiveness in
Industry 4.0 environments.
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Leading Multidisciplinary Engineering Teams - Quiz

Updated: 4/10/2026

1. Effective leadership aligns multidisciplinary teams toward shared project goals.
. True
. False

o L

. Which is NOT an example of structured communication?
. Design review meeting

. Shared BIM platform

. Formal email

. Alternatives analysis

o 0 T O N

. Which best describes adaptive leadership?
. Adjusting leadership style by project phase
. Pointing out consequences of failure

. Leading weekly team meetings

. Changing leaders regularly

o 0 T o W

=Y

. Conflict can be productive.
. True
. False

O L

. Which is needed for innovation?
. Structure

. Psychological safety

. Hybrid work environments

. Group meetings

o 0 T o un

. What is a digital twin?

. Project tracking software

. Design assistant

. Duplicate of a physical system
. Robot

o 0 T oL O

. Which tool can help balance innovation and project goals?
. Brainstorming

. Schedule

. Design status meetings

. Alternatives comparisons

o 0 T O N

. Which is NOT an emerging technology?
. Ethernet

.loT

. Cyber-physical systems

. Al analytics

o 0 T o9
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9. Which is NOT normally in an org chart?
a. Roles

b. Names

c. Milestones

d. Hierarchy

10. What is Industry 4.0?

a. Four main industries

b. Fourth Industrial Revolution
c. Renewable energy projects
d. Flat business structure

11. Collaboration is a socio-technical process.
a. True
b. False

12. When is a multi-criteria decision analysis useful for comparing alternatives?
a. High-level comparison

b. More than 2 alternatives

c. Decision needed quickly

d. Criteria with different weights

13. Per Carlile (2004), which are boundaries to overcome in multidiscipline teams?
a. Logic and emotion

b. Scope, cost, schedule

¢. Syntactic, semantic, pragmatic

d. Analysis paralysis and guilt

14. Which are core competency skills for good leadership?
a. Technical, emotional, functional

b. Technical, human, conceptual

c. Management, emotional, conceptual

d. Trust, human, memory

15. What describes a transformational leader?
a. Motivates and empowers

b. Commands and incentivizes

c. Gives freedom and understanding

d. Trusts and verifies
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