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Abstract-The lines separating business and technology tend to blur in today's landscape of innovation and

industry. A need has emerged for engineers who not only have technical proficiency but also a strong

understanding of management principles as engineering innovations continue to impact business. This change

has sparked a revolution in engineering education, accelerating the incorporation of management education as

a crucial step in the development of an engineer. This paper seeeks to examine the mutually beneficial

relationship between technical competence and business savvy. The goal is to highlight the urgent need for

management education to be incorporated into engineering courses and to provide suggestions for how this

integration might be best accomplished. The article analyses various ways to improve understanding of the

benefits, obstacles, and routes from the shop floor to the top positions.
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1. Introduction

In the modern landscape of innovation and
industry, the boundaries between technology and
business tend to become somewhat porous. As
advancements in engineering continue to shape
the world, a parallel demand has arisen for
engineers who possess not only technical prowess
but also a profound understanding of management
principles. This shift has ignited a transformation in
engineering education, propelling the integration
of management education as an indispensable
component of an engineer's journey.

As the boundaries of engineering expand, the skill
set required to thrive in this new era has also
evolved. The traditional image of an engineer
engrossed solely in technical intricacies is giving
way to a new archetype: the engineer-manager.
The engineer-manager possesses not only the
ability to design intricate algorithms or engineer
sophisticated systems but also the dexterity to
navigate boardrooms, drive strategic initiatives,
and lead multidisciplinary teams. It is in this
context that the significance of management
education for engineering students becomes
evident (Omurtag, 2009).

This article seeks to analyse the symbiotic
relationship between technical prowess and
business acumen. The purpose is to illuminate the
critical need for integrating management
education within engineering curricula and to offer

insights into how this integration can be optimally
achieved. This article endeavours to advance the
understanding of the advantages, challenges, and
pathways that connect the shop floor to the top
positions.

2. Can the twain meet?

Rooted in a strong technical foundation,
engineering education is characterised by its
rigorous focus on imparting specialised technical
knowledge and skills. Engineers view themselves
as “problem solvers” and the problems mainly
centre on designs. Aspiring engineers are
immersed in the intricate mechanics of machines,
the principles of circuitry, and the minutiae of
mathematical modelling. This technical prowess
forms the backbone of various engineering
disciplines, producing graduates with the ability to
engineer innovative solutions for complex
problems.

The rise of interconnected technologies and the
increasing pace of innovation have rendered a
narrow technical focus inadequate for addressing
the multifaceted challenges in the engineering
profession. Engineering disciplines have come out
of their isolated silos of expertise and interact with
each other. Even so, an engineer’s world view is
quite different from that of a manager. Attention
to detail is a prime requisite of engineering. On the
other hand, managers refuse to get bogged down
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in detail and claim to look at the big picture. Factor
of safety is very important in engineering design.
Engineers are expected to be risk averse; Managers

Vol 44 No. 9
September 2023

are expected to be risk takers. Distance between
engineering and management is illustrated in
figure 1.

Figure 1 Bridging distance between engineering and management
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It is important to note that not all engineers aspire
to become managers. Many engineers are content
with technical roles and have no desire to
transition into management. Media reports of
managers with astronomical level of salaries, stock
options and luxurious perks abound. Several
successful engineers with diverse technical
backgrounds have successfully transitioned into
top leadership positions - Satya Nadella of
Microsoft, Arvind Krishna of IBM, Mary Barra of
General Motors and Elon Musk to name few —are
driving business success and shape the future of
their respective industries. Wise engineers know
that these people are exceptions and there is no
evidence that in general, a good manager earns
substantially more than a good engineer. Career
choices should align with an individual’s skills,
interests, and aspirations. However, for those who
do choose to pursue managerial positions, the
reasons mentioned below can be strong
motivators:

1. Career Progression: Many engineers view
management as a natural progression in their
careers. Moving into management roles can offer
increased responsibilities, opportunities for
advancement, and higher earning potential (Gupta
& Bennet, 2014).

2. Leadership and Influence: Engineers who
are passionate about guiding and leading teams
often aspire to become managers. They want to
have a direct impact on projects and teams,
shaping the direction of a project or organisation.
Many engineering managers oversee project teams
and budgets. Engineers with strong project
management skills may see management roles as

an opportunity to apply and further develop these
skills. Managers often have a broader impact on an
organisation’s goals and strategy. Engineers who
want to contribute to the overall success of their
company beyond technical tasks may seek
managerial positions. Managers typically have
more authority to make decisions and set
priorities. Engineers who enjoy making strategic
decisions and influencing project direction may
find management roles appealing. Management
roles often involve a deeper understanding of the
business side of engineering, including financial
planning, and strategic decision-making. Engineers
interested in these aspects may pursue
management positions. Becoming a manager can
be a challenging and rewarding experience that
allows individuals to grow personally and
professionally by developing new skills and facing
new challenges.

3. Communication, interpersonal  skills,
mentorship and development: Engineers who excel
in communication, teamwork, and interpersonal
skills may be drawn to management roles where
these skills are highly valued. Effective
communication is crucial for guiding and
motivating teams (Riley et al.,, 2013). Some
engineers are passionate about mentoring and
developing the next generation of engineers. In
managerial roles, they can help team members
grow in their careers and technical abilities.

4, Work-Life Balance: In certain industries
technical roles can be demanding. In absence of
empirical evidence, some engineers believe that
management roles offer better work-life balance
than technical roles.
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An engineer’s transition to management can often
be an illustration of Peter’s Principle (Peter & Hull,
1969). Many an experienced engineer endeavours
to get a manager’s position as a promotion
(Daniels, 2009; Eschenbach et al., 2013). When the
engineer gets promoted, it is a loss for the
organisation because it “loses their best engineer
and gains the worst leader” (Perry et al., 2017, p.
99).

In response, engineering education has adapted
and expanded its purview. The shift from
technocentricity to holistic skill development
reflects an awareness that successful engineers
must possess a versatile toolkit that extends
beyond technical competence. Today’s engineers
are not only expected to design and build; they
must also communicate effectively, collaborate
seamlessly, and comprehend the nuances of
business strategy. This evolution is not a departure
from engineering principles, but an augmentation
of these principles.

Holistic skill development encompasses a range of
competencies. Effective communication, both
within technical teams and across interdisciplinary
groups, is now regarded as an essential attribute.
Engineers are no longer confined to the realm of
diagrams and schematics; they must also convey
complex concepts to non-technical stakeholders
(Roeckel et al., 2004). Leadership and teamwork
have emerged as vital skills. The ability to guide
teams, foster innovation, and manage projects
with an understanding of diverse perspectives is
indispensable in today’s collaborative work
environments. Personnel management has evolved
into human resource management which includes
employee welfare and employee engagement
(Asthana & Asthana, 2012).

With supply chains spanning continents and
solutions implemented on a global scale, an
awareness of cultural nuances, regulatory
frameworks, and market dynamics has become
important. This necessitates exposure to subjects
beyond the traditional engineering curriculum,
such as ethics, sustainability, and economics.

The evolution of engineering education, therefore,
embodies a shift towards producing well-rounded
engineer-professionals. The aim is not to dilute
technical excellence but to enrich it with a tapestry
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of skills that empower engineers to navigate
complexities and uncertainties. This evolution
aligns with the ethos of producing graduates who
are not just masters of their craft, but also adept
problem solvers, astute communicators, and agile
leaders — attributes that are imperative for
engineers aspiring to ascend to higher
management levels.

3. The demand side

The demand for engineers equipped with a blend
of technical expertise and business acumen has
been rising. The traditional demarcation between
the realms of engineering and business is slowly
blurring, giving rise to a new breed of professionals
who are not only adept at crafting innovative
solutions but also possess the strategic acumen to
drive those solutions to commercial success.

This demand stems from the recognition that the
innovation prowess of engineers, no matter how
remarkable, remains incomplete without the
ability to navigate the intricacies of market
dynamics, consumer behaviour, and competitive
landscapes. As industries become increasingly
competitive and innovation-driven, the success of
any engineering endeavour is intrinsically tied to
its alignment with market demands and strategic
imperatives.

Engineers with a comprehensive understanding of
business principles offer a unique advantage to
organisations. Their technical fluency enables them
to conceptualise and develop groundbreaking
products, systems, and technologies, while their
business acumen ensures these innovations are
not confined to laboratories or drawing boards,
but are effectively positioned in the marketplace.
They bridge the gap between R&D departments
and boardrooms, translating technical potential
into tangible business outcomes.

The fusion of engineering and business expertise
has proven to be a catalyst for innovation.
Engineers who comprehend market trends and
customer needs can pre-emptively design solutions
that resonate with end-users, thereby reducing the
gap between conception and commercialisation.
This synergistic approach fosters a culture of
innovation that is attuned to both technological
possibilities and economic viability.
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The demand for engineers with business acumen
extends across industries (Kotnour & Farr, 2005)..
From technology giants introducing
groundbreaking gadgets to renewable energy
companies pioneering sustainable solutions, the
ability to marry technical excellence with business
insights has become a pivotal competitive
advantage. Even sectors once considered insulated
from commercial intricacies, such as healthcare
and infrastructure, now seek engineers who can
optimise resources, manage budgets, and assess
risk.

The contemporary landscape places a premium on
engineers who possess the capacity to straddle the
worlds of technology and business. As industries
continue to evolve at a relentless pace, the
integration of technical brilliance with business
acumen becomes not just an asset, but a necessity.
The engineers of today are no longer confined to
the role of problem solvers; they are key drivers of
innovation, economic growth, and transformative
change, ushering organisations from mere survival
to sustained success in a rapidly changing world.

4. The Role of Management Education

Some subjects relating to management are
essential for all engineers. Perhaps most important
of these is operations management (Reid &
Sanders, 2019). Having a basic understanding of its
principles and concepts can be highly beneficial.
Studying operations management can be
important for engineers, in designing, optimising,
or managing complex systems or processes.
Operations management is relevant and valuable
for engineers from the point of view of efficiency
and cost reduction where budget constraints are a
concern. Operations management techniques can
help in monitoring and controlling the quality of
processes and outputs. Operations management
includes project management concepts that can be
essential for engineers overseeing large-scale
projects. This includes planning, scheduling,
resource allocation, and risk management
(Mazlum & Guneri, 2015; Trietsch & Bert, 2012).
Many engineering projects are part of larger
supply chains. Understanding operations
management can help engineers make informed
decisions about sourcing, logistics, and inventory
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management. Many engineering projects require
collaboration with professionals from various
fields, including operations management experts.
Understanding their language and concepts can
facilitate effective interdisciplinary communication.
Other subjects are essential for specific
engineering disciplines. An egregious example of
narrow engineering focus is water engineering.
Water engineers have earned a bad name by
focussing solely on engineering aspects in the field
of drinking water (Asthana, 2004). They do not
seem to understand the social consequences of
new technological developments or political and
economic implications of their decisions (Chinea,
1981). In the field of irrigation, they are blamed for
“dam the river and damn the consequences”
attitude leading to low economic returns and
environmental catastrophe (Asthana, 20223,
2022b).

It is important for water engineers to study
Integrated Water Resources Management (IWRM)
which is a holistic approach to managing water
resources. IWRM provides a comprehensive
understanding of the entire water cycle, from
water sources and supply to its use and
management, including wastewater treatment and
disposal. This broad perspective is valuable for
water engineers in designing sustainable and
efficient water systems. IWRM considers the
ecological health of water systems. Water
engineers can use IWRM to design systems that
minimise negative environmental impacts and
protect aquatic ecosystems. IWRM emphasises
sustainable water management practices that
ensure the availability of water resources for
current and future generations (Al Radif, 1999).
IWRM encourages the active participation of all
stakeholders, including local communities, in the
decision-making process related to water
management. Water engineers need to engage
with these stakeholders to address their concerns
and needs effectively. IWRM helps engineers
develop adaptive strategies to deal with changing
climate patterns, such as droughts and floods,
which can affect water availability and quality.
Water scarcity and competition for water resources
can lead to conflicts. IWRM provides tools and
approaches to resolve conflicts over water use,
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which is essential for sustainable water
management.

Many regions have adopted IWRM principles and
integrated them into water management
regulations and policies (Allan & Rieu-Clarke,
2010). Water engineers must be familiar with
these regulations to ensure compliance in their
projects. Efficient Resource Allocation: IWRM helps
optimise the allocation of water resources for
various uses, such as domestic, agricultural,
industrial, and environmental purposes. Water
engineers can use IWRM principles to design
systems that allocate resources efficiently. Water
engineering involves collaboration with
professionals from various fields, such as
hydrologists, ecologists, economists, and
policymakers. Understanding IWRM concepts
facilitates effective collaboration and
communication among these stakeholders.

Those engineers who are inclined towards
management could be offered certain subjects
during their engineering education:

1. Business Fundamentals: Engineers with
management education gain a solid foundation in
business fundamentals, which includes
understanding concepts such as accounting,
finance, marketing, operations, and economics.
This knowledge equips them with the ability to
interpret financial statements, assess the viability
of projects, and comprehend the broader financial
implications of their technical decisions. Engineers
with business acumen are better equipped to
evaluate the cost-effectiveness of projects, allocate
resources efficiently, and contribute to the
financial health of their organisations.

2. Leadership and Communication Skills: Most
engineers are deficient in leadership and
communication skills (Pons, 1996). Experience
alone cannot develop interpersonal skills (Koza &
Richter, 1988). Management education provides
training in effective communication, both verbal
and written, enabling engineers to convey complex
technical information to non-technical
stakeholders, negotiate contracts, and deliver
persuasive presentations. Leadership skills are
honed through courses in team dynamics, conflict
resolution, and motivational strategies. Engineers

with strong leadership and communication skills
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can inspire and lead cross-functional teams,
manage conflicts, and drive collaboration among
diverse professionals (Farr & Brazil, 2009).

3. Strategic Thinking and Decision-Making:
Strategic thinking is a hallmark of effective
management education for engineers. It involves
the ability to see the bigger picture, analyse
market trends, anticipate industry shifts, and align
technical innovations with overarching business
goals. Strategic decision-making involves
evaluating multiple options, considering risks, and
making informed choices that align with the
organisation's long-term objectives. Engineers
trained in strategic thinking can identify new
business opportunities, guide research and
development efforts, and make decisions that
drive innovation and sustainable growth.
Incorporating these key components into
management education for engineers ensures that
they are equipped not only to excel in their
technical domains but also to contribute
significantly to their organisations' overall success
by understanding and addressing business
challenges and opportunities. This well-rounded
skill set empowers engineer-managers to bridge
the gap between technical excellence and strategic
leadership, ultimately propelling them to the
position of the CEO.

Management education can play a complementary
and transformative role in enhancing the technical
skills of engineering students in several ways:

1. Holistic Problem-Solving: Management
education encourages engineers to approach
problems from a broader perspective. By
incorporating business fundamentals, leadership
principles, and strategic thinking, engineers gain a
more comprehensive understanding of complex
issues. This enables them to identify innovative
solutions that not only address technical aspects
but also consider practical implementation, cost-
effectiveness, and potential market impact.

2. Effective Project Management: Technical
projects often require coordination among
multidisciplinary teams, adherence to timelines,
and efficient resource allocation. Management
education equips engineering students with
project management skills, enabling them to
organise and lead teams, allocate resources
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efficiently, manage budgets, and ensure timely
project completion. This holistic approach
enhances their ability to oversee projects from
inception to successful execution.

3. Cross-Disciplinary Collaboration: In
today's interconnected world, many projects
involve collaboration with professionals from
diverse fields. Management education fosters
communication and collaboration skills that enable
engineers to effectively work with colleagues from
various backgrounds, bridging the gap between
technical jargon and layman's terms. This enhances
teamwork and promotes the exchange of
innovative ideas across disciplines.

4, Innovation and Entrepreneurship:
Management education encourages engineers to
think creatively and explore opportunities for
innovation. Engineers with management
knowledge are better equipped to identify market
gaps, assess the viability of new ideas, and develop
business plans. This can lead to the creation of
startups, new product lines, or technological
advancements that have a meaningful impact on
industries and society.

5. Risk Assessment and Mitigation: Technical
decisions  often involve inherent risks.
Management education teaches engineers how to
analyse and assess risks systematically, considering
factors such as market fluctuations, regulatory
changes, and unforeseen challenges. This enables
them to make informed decisions, develop

contingency plans, and minimise potential negative

impacts.

6. Ethical Considerations: Engineering
projects can have ethical, social, and
environmental implications. Management

education emphasises ethical decision-making,
encouraging engineers to consider not only
technical feasibility but also the broader
consequences of their actions. This ensures that
engineering solutions align with ethical standards
and societal values.

7. Career Advancement: As engineers
progress in their careers, they may transition to
leadership roles that require a combination of
technical expertise and managerial skills.
Management education prepares engineers for
these roles by developing skills in communication,
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negotiation, conflict resolution, and strategic
planning. This comprehensive skill set equips them
to guide teams, drive innovation, and make
informed decisions that impact both technical and
business aspects.

In essence, management education complements
technical skills by providing engineers with a well-
rounded toolkit that enhances their ability to
innovate, collaborate, lead, and make informed
decisions in a rapidly evolving technological
landscape. This synergy between technical and
managerial competencies equips engineering
students to excel not only in solving complex
technical problems but also in effectively
navigating the multifaceted challenges of real-
world scenarios.

5. Navigating the Path: Integrating Management
into Engineering Curricula

Incorporating  management education into
engineering programmes presents a series of
challenges that educational institutions must
navigate to provide a well-rounded learning
experience for students. These challenges arise
from the need to strike a balance between
technical depth and managerial breadth, and to
ensure that graduates are adequately prepared to
excel in both engineering and business domains.
One significant challenge is the already packed
curriculum in engineering programmes.
Engineering students must cover a wide array of
technical subjects, and adding management
courses can potentially lead to overcrowded
schedules. Finding the right balance between
technical core courses and management modules
requires careful planning to ensure that students
receive comprehensive education without being
overwhelmed.

Another challenge is the diversity of student
backgrounds and career aspirations. Engineering
students come from various disciplines and may
have differing levels of interest in pursuing
management education. Designing a management
curriculum that is relevant and engaging for
students with varying degrees of business
inclination is a complex task. Institutions must
develop flexible programs that cater to those
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seeking in-depth management knowledge as also
those aiming for a more basic understanding.
Faculty expertise and resources pose yet another
challenge. Engineering and business faculties often
have distinct expertise, and merging these
disciplines effectively can be demanding. Hiring
faculty members qualified to teach management
subjects requires significant investment in faculty
development and recruitment. Teaching in
engineering  involves  theoretical  lectures,
laboratory sessions, and hands-on projects.
Problem-solving and practical application of
concepts are central to the teaching approach.
Management education involves case studies,
discussions, group projects, presentations, and
simulations. The focus is on analysing real-world
business scenarios, fostering critical thinking, and
promoting collaboration.

Furthermore, traditional assessment methods
might not fully capture the skills gained through
management education. While technical skills can
be assessed through exams and projects,
evaluating communication, leadership, and
strategic thinking skills often requires more
nuanced methods such as case studies,
presentations, and simulations. Developing
comprehensive and fair assessment criteria to
gauge both technical and managerial
competencies can be intricate.

Incorporating management education may require
additional resources for faculty training, curriculum
development, and infrastructure. Balancing the
cost of introducing management courses with
potential benefits to students' employability and
overall skillset is a complex decision that
institutions must make.

Overcoming these challenges requires a strategic
and collaborative approach. Engineering programs
considering the integration of management
education must engage faculty, students, industry
stakeholders, and educational experts in
constructive  dialogues to develop holistic
solutions. By carefully addressing these challenges,
institutions can create well-rounded engineering
graduates equipped to excel not only as technical
experts but also as leaders, communicators, and
innovators in their fields.
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6. Strategies for curriculum integration
Integrating management education into
engineering programs is a nuanced endeavour that
demands thoughtful planning and creative
approaches. As educational institutions recognise
the value of producing engineers with a broader
skill set, several strategies have emerged to
seamlessly blend technical prowess with
managerial acumen.

1. Cross-Disciplinary Courses: One effective
strategy for curriculum integration is the
development of cross-disciplinary courses that
bring together faculty members from both
engineering and business departments. These
courses can focus on topics such as innovation
management, project leadership, or technology
entrepreneurship. By blending insights from
various disciplines, students gain a holistic
perspective that prepares them to bridge the gap
between technical complexity and business
realities. These courses foster collaborative
learning environments and encourage students to
apply their technical knowledge within a broader
context.

2. Electives and Minors in Business or
Management: Offering elective courses or minors
in business or management allows engineering
students to tailor their education according to their
career aspirations. This strategy provides flexibility,
enabling students to delve into management
topics that align with their interests. By choosing
from a range of courses such as marketing, finance,
or organisational behaviour, students can deepen
their understanding of business principles without
compromising their technical foundation. Minors
in business or management provide a structured
pathway for students who wish to acquire a more
comprehensive skill set.

3. Collaborations with  Business  Schools:
Collaborations between engineering and business
schools offer a powerful means of curriculum
integration. Joint programs or dual-degree options
provide students with an opportunity to earn
degrees in both engineering and business. This
approach combines the strengths of both
disciplines and ensures that students receive
rigorous training in both technical and managerial
areas. Collaborative efforts can include shared
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faculty, co-taught courses, and integrated projects
that challenge students to apply their knowledge
in real-world contexts. Moreover, exposure to a
diverse range of peers fosters cross-pollination of
ideas and prepares graduates for collaborative
endeavours in their future careers.

These strategies reflect a commitment to
producing graduates who are equipped to excel
not only as technical experts but also as adaptable
and visionary leaders in an ever-evolving
professional landscape. Curriculum integration
efforts acknowledge the interconnectedness of
engineering and business realms and empower
students to navigate the complexities of modern
industries with confidence and finesse.

7. Conclusion

In the old days, an engineer managed technical
issues where rigidity, analysis, and technical jargon
prevailed. Engineering is no longer confined to
laboratories and drafting boards (Solem, 1984).
Today's engineers are the architects of digital
revolutions, the driving force behind disruptive
technologies, and the catalysts for organisational
growth. The emergence of tech-driven giants, from
Silicon Valley to innovation hubs across the globe,
underscores the profound symbiosis between
cutting-edge technology and business acumen.
This intersection is no longer a mere confluence; it
is becoming crucible in which industries are
reshaped and economies are redefined.

The journey from engineering to management is a
significant and transformative one, marked by a
shift from technical expertise to leadership and
strategic decision-making. While engineers possess
a strong foundation in problem-solving and
innovation, transitioning to management roles
introduces a new set of challenges that require
adaptation and skill development (Baker, 2009).
The main challenge the engineers face when
entering management roles is the shift from a
primarily technical mindset to a broader strategic
perspective. Engineers are accustomed to focusing
on the intricacies of design and implementation,
whereas managers must consider overarching
business goals, market dynamics, and long-term
strategies (Kocaoglu, 1984). Navigating this
transition requires engineers to develop the ability
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to see the bigger picture, make decisions based on
holistic considerations, and align their technical
expertise with organisational objectives (Mariotti,
2021).

Engineers often spend a significant portion of their
careers working on technical tasks that require
minimal interaction with non-technical
stakeholders. As managers, they must engage in
clear and concise communication with diverse
teams, present complex ideas to executives, and
navigate negotiations with clients or partners.
Developing strong communication and soft skills,
such as active listening, conflict resolution, and
persuasion, is crucial for engineers to bridge the
gap between technical jargon and comprehensible
language.

Engineers accustomed to hands-on problem-
solving may find it challenging to delegate tasks
and manage teams effectively. Entrusted with
overseeing the work of others, managers must
empower their teams, set priorities, and ensure
that projects are executed efficiently. This requires
a shift from performing tasks themselves to
guiding and supporting their team members, while
also fostering an environment of collaboration and
creativity.

The demands of management roles include a
myriad of responsibilities and tasks vying for
attention. Engineers entering management must
hone their time management and prioritisation
skills to balance diverse duties, including strategic
planning, team leadership, and operational
oversight. Navigating competing priorities while
ensuring that both short-term goals and long-term
visions are met is a constant challenge that
requires a disciplined and organised approach.
Balancing calculated risks against potential benefits
requires a nuanced understanding of both
technical and business factors. Engineers
transitioning to management roles must cultivate
the ability to analyse complex scenarios, weigh
potential outcomes, and make informed decisions
that align with the company's objectives.

Engineers have a mindset of continuous learning
and staying updated on emerging technologies and
industry developments. When transitioning to
management, they would need to keep themselves
updated on management best practices, and
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leadership strategies as well. This commitment to
ongoing self-improvement ensures that engineer-
managers remain effective and relevant in their
ever-evolving roles. As we navigate this landscape,
it becomes apparent that management education
is not merely a supplementary skill but a
transformative bridge that prepares engineers
from the realm of the shop floor to leadership
roles in the business world.
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