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Abstract

This study investigates the perception of skills and competencies required for engineering
leadership roles across different career experience levels. In the engineering field, engineers are
reluctant to transition into leadership or managerial positions, often due to a promotion system
prioritising technical knowledge over leadership abilities. To address this issue, this research aims
to understand the perceived importance of various skills and competencies among engineering
leaders from diverse industries and engineer types.

A guantitative approach was employed, utilising electronic surveys distributed to qualified
tertiary-educated engineers representing various career experience levels and industry sectors. The
survey collected responses from 85 participants across four career stages, where respondents
ranked different skills and competencies using a Likert scale.

The findings revealed that cognitive skills were ranked highest, while business skills were
rated lowest among the surveyed engineering leaders. Overall, the mean perception of skills and
competencies for engineering leaders displayed minimal variation across career experience levels,
with only a few notable exceptions. These results suggest that while certain skills may vary in
perceived importance, there is a general consensus on the essential competencies required for
effective engineering leadership.

This study contributes to the understanding of the evolving landscape of engineering
leadership and highlights the importance of addressing skill gaps to facilitate the transition of
engineers into leadership roles. By identifying key focus areas, organisations can better tailor
training and development programs to nurture well-rounded engineering leaders capable of driving
innovation and success in the engineering profession.
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1. Introduction to the Research Problem
1.1 Introduction

Engineers are pivotal as problem-solvers and innovators in today's rapidly evolving
technological landscape. They harness their expertise in science, technology, engineering, and
mathematics (STEM) to design, build, and test complex equipment, structures, and systems.
However, as organisations increasingly rely on engineering teams to drive innovation and
competitive advantage, there is a growing recognition of the need for engineers to evolve beyond
technical experts and develop into influential technical leaders.

According to Schell et al. (2022), professionals in engineering fields must possess not just
technical expertise but also leadership skills to become successful technical leaders. Technical
leadership plays a vital role in driving innovation and keeping organisations ahead of their
competitors.

Rottmann et al. (2015) observed that many engineers are hesitant to take on the role of an
engineering leader. Leadership skills in engineers face four main obstacles. Firstly, many engineers
move from technical roles to managing projects or processes and may feel disconnected from their
problem-solving roots when they have to deal with people's problems. Secondly, engineers who
view leadership as hierarchical may find it difficult to adapt to the collaborative and team-based
norms of their field. Thirdly, the term "leadership" may not resonate with engineers who see
themselves as technical experts rather than leaders. Finally, when leadership development
opportunities are only offered as optional extracurricular activities, engineering students may not
see them as relevant to their core curriculum.

Craps et al. (2021) delineate three primary roles for engineers: Innovation, involving the
development of new products or technologies; Optimisation, focusing on advancing and refining

technological processes to enhance performance; and Customisation, which entails integrating



disciplines or subsystems in diverse environments to fulfil customer needs. Saunders-Smits and De
Graaff (2012) suggest that engineers could also take on managerial or leadership as a primary role.

Hirudayaraj et al. (2021) defines soft skills encompass a blend of interpersonal skills and
personal attributes that complement the technical skills necessary for triumph in engineering. They
are not a static set of abilities, but rather a diverse collection of social skills, personal characteristics,
and self-management techniques. Soft skills are not viewed as independent skills or competencies,
but instead as a fusion of these traits that assist in attaining engineering achievements. Hirudayaraj
et al. (2021) also noted that the soft skills required for engineering leaders are different from those
required for regular technical engineers at different stages of their careers.

Schuhmann (2010) considers leadership a well-defined and mature field, but engineering
leadership is still an imprecise field of study. In engineering leadership education, Didiano et al.
(2022) provide educational approaches to developing engineering students’ leadership skills. This
research compares these skills and analyses the perception of engineers (graduate level to senior
level) of the importance of these skills and competencies for engineering. Then, it will examine the
perception of engineering leaders regarding the same skills and competencies.

Furthermore, the complexities of modern engineering projects, as highlighted by (Ash,
2009), underscore the need for strong leadership in navigating multi-project environments where
engineering resources are often stretched thin. Therefore, this thesis seeks to address these gaps
in knowledge by exploring and analysing the perception, skills, and competencies essential for
engineering leadership, both from the perspective of engineers at different career stages and
engineering leaders themselves. Through a comprehensive examination of these factors, this
research aims to advance engineering leadership theory and practice, ultimately fostering the
development of influential leaders capable of driving innovation, collaboration, and organisational

success in the engineering profession.



1.2 Research Objectives
As described above engineers are problem solvers and innovators in many industry sectors,
but are reluctant to take on the roles of engineering leaders. For the purpose of this study is to
determine the attitude to various skills and competencies for engineering leaders from the
perception of junior, intermediate and senior engineers compared to engineering leaders.
Determine any differences in perceptions of skills and competencies across engineering career

levels for engineering leaders.



2. Literature Review
2.1 Introduction

Effective engineering leadership drives innovation, fosters collaboration, and achieves
sustainable success in today's dynamic organisational landscape. Engineering leadership comprises
a multifaceted blend of skills and competencies that empower individuals to guide, inspire, and
empower others toward common goals. This study explores the essential skill sets for effective
leadership, spanning cognitive, interpersonal, business, and strategic domains.

Drawing on insights from prominent researchers and scholars, we delve into the intricacies
of leadership competencies, clarifying their significance and application within organisational
contexts. By meticulously examining relevant literature and theoretical frameworks, we aim to
provide valuable insights into the dynamic nature of leadership skills and their evolving role in
today's complex world.

By unravelling the complexities of cognitive processing, social dynamics, resource
management, and strategic foresight, we equip aspiring engineering leaders with the knowledge
and tools necessary to navigate challenges, inspire innovation, and drive organisational growth.
Moreover, this study focuses on leadership skills and engineering leadership, highlighting the
importance of interpersonal aptitudes and not just technical expertise in effective leadership.

Through this exploration, we aim to provide an understanding of leadership's multifaceted
nature and empower engineers to enhance their capabilities as visionary leaders in today's ever-
evolving business environment.

2.2 Leadership Skills

Leadership skills acquisition and improvement are influenced by various factors, including

cognitive capacity, personality, temperament, emotion regulation, cultural background, identity,

and personal values.



Guzman et al. (2020) organised leadership skills into four categories, as seen in Table 1

below 1) cognitive skills are necessary to comprehend and analyse patterns, requiring innovative

thinking., decision-making and problem-solving; 2) interpersonal skills, face-to-face interactions, to

bring about desired results; 3) business skills, the skills to operate an organisation, financially,

personally and operationally; 4) strategic skills, which are skills to achieve organisations' mission

and vision. Below the table, further expansion of each pillar will be explored.

Table 1 - Four Categories of Leadership Skill (Guzmdn et al., 2020).

Cognitive Skills

Business Skills

Interpersonal Skills

Strategic Skills

CS1: Speaking
CS2: Active Listening
CS3: Writing

CS4: Reading
Comprehension

CS5: Active Learning

CS6: Critical Thinking

BS1: Operations
analysis

BS2: Management of
personnel resources
BS3: Management of
financial resources
BS4: Management of
material resources

IS1: Social
Perceptiveness
IS2: Coordination

IS3: Negotiation

IS4: Persuasion

SS1: Visioning

§S2: Systems
perception

SS3: System
Evaluation

SS4: Identification of
downstream
consequences

SS5: Identification of
key causes

SS6: Problem
identification

SS7: Solution
appraisal
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Figure 1 - Leadership Skill Strataplex (Mumford et al., 2007)

Firstly, Figure 1 by Mumford et al. (2007) showcases a breakdown of leadership skill
requirements through four distinct triangles. Dotted horizontal lines divide the skill requirements
across different managerial levels within an organisation, with a focus on junior, mid, and senior
positions. However, this framework can be tailored to accommodate additional organisational
layers. Each triangle and segment within it represent the necessary leadership skills for the
corresponding job level. For instance, a larger area covered by the Cognitive triangle (horizontal
lines) in comparison to the Interpersonal triangle (vertical lines) suggests a higher demand for
Cognitive skills over Interpersonal skills overall. Similarly, in the senior-level strata (covering the

remaining two triangles), a more significant proportion of the total area allocated to Strategic skills



highlights their relatively increased importance for senior-level roles. In the next section, we'll
explore the four leadership categories in greater detail.
2.2.1 Cognitive Skills
Cognitive skills are the foundation of the leadership skill requirement. These skills
are related to collecting, processing and disseminating information and learning and are the
fundamental skills required for many activities that leaders are engaged in (Mumford et al., 2007).
Hard skills are mainly cognitive and are influenced by an individual's IQ (Denney et al., 2020).

Communication as speaking is an ability to convey information effectively in a spoken
format (Reed et al., 2019). As part of leadership, communication is a critical skill in executing and
managing projects (Zulch, 2014). The communication style will differ from leader to leader, but this
skill remains an intrinsic part of leadership. Writing skills are a form of communication that can
convey information effectively in a written format (Reed et al.,, 2019). Communication is the
cornerstone of effective leadership. Leaders who excel in communication can inspire trust, foster
collaboration, resolve conflicts, motivate teams, and drive organisational success.

Dewan and Myatt (2008) explains a clear communicator is a skilled individual who has the
ability to articulate their thoughts and ideas in a well-structured and coherent manner. By using
language that is precise, concise, and easy to understand, they create a shared understanding of
the message being communicated. This ensures that everyone involved in the communication
process comprehends the full implications of the message, which is crucial for effective decision-
making and problem-solving. In essence, a clear communicator is a leader who uses their
communication skills to inspire trust, build relationships, and foster collaboration among team
members.

Datta et al. (2021) show that communication skills are crucial for any manager aspiring to

climb the leadership ladder. The time managers spend communicating daily highlights the



importance of solid communication skills for anyone looking to advance to a leadership position.
Therefore, mastering leadership communication should be a top priority for managers who want to
be considered potential leaders within their organisations or the broader business community.
Zulch (2014) asserts that for a leader to guarantee the implementation of strategy, decisions, and
values by resources, they must inevitably possess strong communication skills. This underscores the
pivotal role of communication skills in leadership, highlighting its importance for aspiring managers
and established leaders. Effective communication facilitates organisational alignment and
distinguishes capable leaders who can navigate complexities and inspire action.

Active listening involves paying attention to both verbal and nonverbal cues to comprehend
and question the message being conveyed. There are three key elements: listening for content,
meaning and intent, and feelings and values (Baker et al., 2019). It is a crucial skill for successful
communication and building strong relationships. Effective listening is a crucial skill in any situation,
but it is especially important in a managerial role. To manage others effectively, it is essential to pay
attention to what others are saying and truly hear their message (Zulch, 2014).

Reading comprehension is the skill of understanding voluminous and complex written
information (Mumford et al.,, 2007). Reading comprehension is essential for leaders to gather
information, make informed decisions, understand policies and procedures, communicate
effectively, solve problems, engage in continuous learning, and cultivate empathy. Leaders
prioritising reading and developing strong comprehension skills are better equipped to navigate
complexities, drive organisational success, and inspire their teams to achieve their goals.

Active learning empowers leaders to engage with new information actively, comprehending
its significance and potential implications. These skills are pivotal for leaders to dynamically adjust
their behaviours and strategies in response to evolving, non-routine challenges (Mumford et al.,

2007).



Critical thinking is an essential aspect of leadership to use logic to analyse the strengths and
weaknesses of various approaches to the work. From a leadership perspective, critical thinking
entails thinking complexly, a leader entails the ability to gather diverse and often complex pieces of
information, analyse them, and integrate them into a coherent and meaningful whole (Flores et al.,
2012). Critical thinking necessitates a profound understanding of a subject and the capacity to
effectively apply that knowledge to novel, authentic, or unfamiliar situations (Chikeleze et al., 2018).
Critical thinking encompasses the skill set required to articulate crucial questions, gather pertinent
information, draw well-reasoned conclusions, make informed decisions, evaluate source credibility,
discern cause-effect relationships, and adeptly communicate with others to devise effective
solutions.

In summary, leadership encompasses diverse cognitive skills essential for effective
communication, decision-making, collaboration, and problem-solving. From active listening and
reading comprehension to critical thinking and active learning, leaders must continuously develop
and refine these skills to navigate complexities and drive organisational success. By prioritising
continuous learning and honing their communication, analysis, and adaptation abilities, leaders can
inspire their teams, foster innovation, and achieve meaningful outcomes in an ever-evolving
landscape of challenges and opportunities.

2.2.2 Interpersonal Skills

Interpersonal skills are pivotal in navigating social interactions and exerting influence over
others. These skills, rooted in various social capacities such as social judgment, social complexity,
and differentiation, enable individuals to connect with and impact those around them effectively.

Social perceptiveness is the ability to discern and understand others' reactions and the
underlying reasons behind those reactions. Leaders must comprehend how to equip and cultivate

individuals to thrive in digital environments. This involves providing the necessary technological



tools and training and fostering a culture of participation, trust, and collaboration. Leaders can
foster a more participative culture where team members feel empowered to contribute, innovate,
and collaborate effectively in digital spaces by promoting open communication channels,
encouraging active engagement, and recognising the value of diverse perspectives (Guzman et al.,
2020; Mumford et al., 2007).

Coordination of actions, whether of oneself or others, is fundamental to effective leadership
and teamwork. It involves synchronising efforts, aligning goals, and ensuring everyone works
towards a common purpose (Mumford et al., 2007).

Negotiations are the ability to reconcile differences and guide a group towards a shared
decision (Reed et al., 2019). Leaders must establish agreements prioritising collective benefits for
all members of their organisations. This will foster a culture of collaboration and active participation,
encouraging employees to innovate, experiment, and contribute fresh ideas. Leaders can drive
engagement, creativity, and organisational success by creating an environment where everyone
feels valued and empowered.(Guzman et al., 2020).

Persuasion are skills to influence others to accomplish organisational objectives more
effectively (Mumford et al., 2007). Leaders must establish a learning and innovation environment
that fosters collaborative decision-making among team members. This encourages individuals to
embrace an open and digitally oriented mindset, promoting organisational adaptability and
creativity (Guzman et al., 2020).

A leader who uses power wisely often embodies the principles of servant leadership.
Servant leadership theory underscores the significance of selfless service and acknowledges
organisations as platforms for cultivating individuals who shape a brighter future (Gotsis & Grimani,

2016). Leaders are tasked with motivating, influencing, and inspiring staff to achieve outstanding



patient outcomes. This is best accomplished through wise use of power and leveraging their
influence (Sherman & Cohn, 2020).

Day et al. (2004) refer to team building, also known as team development, as a widely used
intervention to enhance team effectiveness. These interventions often target role clarification, goal
setting, problem-solving, and interpersonal relations. Teamwork is vital for the effective operation
of organisations, particularly in temporary settings like projects, where diverse, cross-functional
teams with varied backgrounds often carry out work. Team-building focuses on uniting individual
employees from different organisation segments into a cohesive and collaborative unit (Nauman et
al., 2022).

The effective application of interpersonal skills is essential for leaders to successfully
navigate social interactions and exert influence. Social perceptiveness, coordination of actions,
negotiation abilities, and persuasion skills are all integral components of effective leadership and
teamwork. By fostering a culture of collaboration, trust, and innovation, leaders can create an
environment where individuals feel empowered to contribute, innovate, and drive organisational
success. Leaders must prioritise establishing learning and innovation environments that encourage
collaborative decision-making and embrace digital transformation. Through these efforts, leaders
can inspire their teams to adapt, innovate, and thrive in today's dynamic and ever-changing business
landscape.

2.2.3 Business Skills

Business skills are related to specific functional skills for an individual’s position, including
managing personnel, material, and financial resources to accomplish critical business goals (Guzman
et al., 2020; Kalargyrou et al., 2012).

Management of material resources is where leaders manage equipment, facilities and

materials needed to do particular work. Influential leaders must ensure the organisation has the
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right resources available at the right time to support operations and achieve objectives. This
includes coordinating procurement, maintenance, and utilisation of resources to optimise
efficiency, minimise waste, and maximise productivity. By effectively managing material resources,
leaders can enhance operational performance, reduce costs, and support the organisation's overall
success.

Operations analysis plays a vital role in the decision-making process for managers tasked
with procuring and allocating equipment, technology, and materials (Kalargyrou et al.,, 2012;
Mumford et al., 2007). By conducting thorough analysis, managers can assess current operational
needs, evaluate available resources, and identify opportunities for improvement. This involves
examining resource availability, utilisation rates, cost-effectiveness, and technological
advancements to make informed decisions that optimise efficiency and support organisational
objectives. Operations analysis enables managers to strategically allocate resources, mitigate risks,
and ensure that the organisation's material needs are met effectively and efficiently.

Management of personnel resources involves various strategies to identify, motivate,
develop, and promote individuals within the organisation. Effective leadership in this area requires
a multifaceted approach that prioritises the well-being and growth of employees (Guzman et al.,
2020; Mumford et al., 2007). Personnel management's primary purpose is searching, selecting, and
accepting qualified employees. Effective personnel management is crucial for engineering
enterprises. It should focus on fostering new knowledge, utilizing the skills of employees, rebuilding
team cohesion, and making efficient use of labour resources. These efforts will ultimately boost
competitiveness and profitability (Kopytko et al., 2023).

Management of financial resources is a critical responsibility for leaders, involving strategy

determining how money will be allocated to support organisational objectives. This encompasses

12



various activities such as budgeting, accounting, and fundraising. (Guzman et al., 2020; Mumford et
al., 2007)

Business skills encompass effectively managing personnel, material, and financial resources
to achieve critical business goals. Leaders must ensure the availability of the right resources at the
right time to support operations and achieve objectives. This includes coordinating procurement,
maintenance, and utilisation of resources to optimise efficiency and productivity. Operations
analysis plays a crucial role in decision-making by evaluating operational needs, resource
availability, and opportunities for improvement. Effective management of personnel resources
involves strategies to identify, motivate, develop, and promote individuals within the organisation.
Additionally, leaders must strategically allocate financial resources through activities such as
budgeting, accounting, and fundraising to support organisational objectives and ensure long-term
success.

2.2.4 Strategic Skills

Strategic skills are characterised by a high level of conceptual thinking, enabling leaders to
adopt a systems perspective and navigate complexity, ambiguity, and change within the
organisation (Kalargyrou et al., 2012). Leaders possessing strategic skills are known for their ability
to think beyond the surface level and delve deep into the core of the problem. They possess a high
level of conceptual thinking, which allows them to see the bigger picture and take a systems
perspective. They are adept at navigating through complex situations, dealing with ambiguity, and
adapting to changes with ease. Their ability to identify patterns and connections between various
elements helps them to develop a clear understanding of the situation and make informed
decisions. Strategic thinkers excel at synthesising information, identifying patterns, and making

informed decisions that drive organisational success in dynamic and uncertain environments.
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Visioning becomes relevant for a leader when formulating a vision and a direction for
constructing an innovative, collaborative, participatory, and decentralised learning culture (Guzman
et al., 2020). Leadership at the top levels of the firm involves establishing a vision and setting broad
objectives for the organisation (Samimi et al., 2022). Leaders must be big thinkers in terms of both
quality and responsibility(Farr et al., 1997). The leadership skill of being a "big thinker" involves
envisioning bold and ambitious goals, thinking strategically, and inspiring others to embrace
innovative ideas and possibilities. Big thinkers challenge conventional thinking, push boundaries,
and drive transformative change within their organisations.

Leaders need to have a mission that matters because this will inspire and motivate followers
(Farr et al., 1997). The leadership skill of embodying a mission that matters involves effectively
communicating a compelling vision, connecting individual roles to the mission, leading by example,
empowering others, building a values-driven culture, inspiring passion and commitment,
celebrating successes, and adapting to change. By prioritising a mission that resonates with
employees, leaders can foster a sense of purpose and drive performance and innovation within
their organisations.

Systems evaluation and solution appraisal are skills for leaders include analysing acquired
technologies, evaluating communication platforms, and identifying gaps that require immediate
solutions (Guzman et al., 2020). Leaders must master change and be responsive to people in diverse
societies (Farr et al., 1997). Mastering change leadership skills is essential for navigating and driving
successful organisational change initiatives. Change leadership involves guiding individuals and
teams through transitions, overcoming resistance, and effectively implementing change to achieve
desired outcomes.

Identifying downstream consequences and key causes offers valuable insights into the

causal relationships within the environment and their potential long-term outcomes (Mumford et
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al., 2007). Organisations can cultivate a more participative and networked culture by verifying the
requirements that could contribute to fostering a culture of experimentation and collaboration. This
understanding of causal relationships empowers leaders to make informed decisions and
implement strategies that drive sustainable growth and success.

Problem identification skills are crucial for various roles within organisations, as they enable
individuals to accurately discern the true nature of the challenges and obstacles the organisation
may encounter (Guzmdn et al., 2020; Mumford et al., 2007). These skills involve analysing complex
situations, gathering relevant information, and identifying underlying issues or root causes. By
honing problem-identification skills, individuals can effectively address issues before they escalate,
develop innovative solutions, and contribute to the overall success and resilience of the
organisation.

Leaders need to be able to make decisions after careful data and opinion gathering and
analysis (Farrell, 2017). Decision-making is a crucial soft skill in both personal and professional life.
Itis the ability to evaluate different options and choose the best based on the available information.
Good decision-making skills can help individuals and organisations achieve their goals effectively
and efficiently (De Campos et al., 2020; Parris & Peachey, 2013). Practical decision-making skills
enable leaders to navigate challenges, capitalize on opportunities, and guide their teams toward
success.

Solution appraisal and objective evaluation are essential for leaders evaluating alternative
courses of action to address organisational problems(Guzman et al., 2020; Mumford et al., 2007).
These skills involve systematically assessing the potential solutions based on predefined objectives,
criteria, and constraints. Leaders must critically analyse each option, considering feasibility,

effectiveness, cost, and stakeholder impact. By employing sound judgment and strategic thinking,
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leaders can make informed decisions that align with organisational goals and priorities, ultimately
driving success and sustainability.

In order to establish oneself as a respected and admired leader, it is crucial to maintain a
high level of ethics and integrity. Demonstrating courage in one's leadership involves a range of
attributes, including perseverance, resilience, stamina, moral fortitude, and sound decision-making
(Farr et al., 1997). These qualities are integral to effective leadership that inspires and motivates
others. As such, it is incumbent upon leaders to embody these traits in order to cultivate trust and
loyalty among their followers, who depend upon their guidance and direction. The strength of one's
work ethic is a clear indicator of their commitment to their profession. A robust work ethic improves
one's reputation and reliability and enhances credibility among colleagues. Demonstrating a strong
work ethic can be achieved through various means, including punctuality for meetings, consistently
meeting deadlines, and taking accountability for one's actions. Maintaining a positive attitude and
being adaptable to workplace challenges are essential to showcasing a solid work ethic (De Campos
et al., 2020; Parris & Peachey, 2013).

Leaders are risk-takers and must have the courage to begin new projects, make changes,
etc. The leadership skill of being a risk-taker involves assessing opportunities and challenges, making
bold decisions, and taking calculated risks to drive innovation and achieve strategic goals. Leaders
who are effective risk-takers understand that playing it safe can hinder progress and that calculated
risks are essential for growth and success. In the dynamic world of modern business, the ability to
adapt is a crucial soft skill that empowers individuals to stay ahead of the game. This skill enables
employees to easily navigate change and stay updated with new technologies and methodologies,
ensuring continued relevance in the workplace (De Campos et al., 2020).

Strategic skills enable leaders to navigate complexity and change, while visioning allows

them to formulate a clear direction for fostering an innovative and collaborative culture. Systems
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evaluation and solution appraisal skills help leaders analyse technologies and identify gaps for
improvement. Understanding causal relationships and mastering problem-identification skills are
crucial for addressing challenges and driving sustainable growth. Solution appraisal and objective
evaluation skills empower leaders to make informed decisions that align with organisational goals
and drive success. By honing these skills, leaders can effectively lead their organisations through
dynamic and uncertain environments, ultimately achieving long-term success and resilience.

Effective leadership is a multifaceted concept that encompasses various attributes and
skills. From being a visionary big thinker to mastering change, from using power wisely to making
ethical decisions, each aspect plays a crucial role in shaping successful leaders and driving
organisational success. Moreover, communication, team-building, and risk-taking are essential
elements that contribute to effective leadership in navigating complexities and fostering
innovation. By understanding and cultivating these leadership attributes, individuals can inspire
others, drive positive change, and achieve meaningful outcomes in today's dynamic and ever-
evolving business landscape.

2.3 Soft Skills

Interpersonal skills, also known as "people skills" or "soft skills", are not technical or job-
specific abilities. Instead, they are personal qualities and social aptitudes that aid individuals in
navigating diverse scenarios, cooperating productively, and accomplishing success in various
domains (Van Heerden et al., 2023). Soft skills are helpful in any job and can be learned continuously
throughout one's career. These skills can be personal or interpersonal, and developing both can
help a person handle various situations, particularly in the workplace (Noah & Abdul Aziz, 2020).
Representatives in contemporary management sciences consider soft skills critical for achieving

organisational development and effectiveness (Marin-Zapata et al., 2022).
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Despite possessing a commendable set of hard skills, graduates are found wanting in their
soft skills, leaving their prospective employers unsatisfied. Research has established that employers
place a higher priority on soft skills than hard skills when it comes to hiring employees (Noah &
Abdul Aziz, 2020). Viswesvaran and Ones (2000) posited a robust theoretical framework in which
they proposed that personality traits play a significant role in shaping job requirements such as
technical skills (task) and soft skills (social). The model suggests that personality traits have a direct
impact on work behaviour, which subsequently influences job performance. This theoretical
framework highlights the importance of considering personality traits when evaluating employee
job performance. Personal skills involve processing knowledge, thinking critically, striving for
continuous learning, and planning and accomplishing goals (Farr & Brazil, 2009). On the other hand,
interpersonal skills refer to forming and maintaining relationships with others. This includes
communication, listening, negotiation, networking, problem-solving, and decision-making skills.

Examples of essential soft skills are as follows as mentioned by Parris and Peachey (2013)
and De Campos et al. (2020) :

e Communication Skills

e Leadership

e Teamwork

e Creativity & Problem solving

e Time Management

e Adaptability

e Decision Making/Problem Solving
e Work Ethics

e  Critical Thinking

e Conflict Resolution
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e Emotional intelligence
While technical expertise is essential, soft skills play a critical role in fostering effective
workplace communication, collaboration, and problem-solving. Continuous development of these

skills is vital for career success and organisational effectiveness.

2.4 Engineering Leadership
As engineers climb the corporate ladder with increasing responsibility, leadership skills
become more important than technical skills. Chetty (2012) shows in Figure 2 below that leadership

skills are essential to the success of an engineer who moves to seniority.
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Figure 2: Evolution in skills of a successful engineer (Chetty, 2012).

Schell and Hughes (2022) and Rottmann et al. (2015) found three traits grounded in
professional engineers: 1) technical mastery — technical experts willing to mentor others; 2)
collaborative optimisation — engineers with the ability to build high-performing teams; 3)
organisational innovation — entrepreneurial thinkers who bring engineering solution to market.
Engineering leadership is more complicated than other sectors as additional technological
leadership and governance skills are required (Farr & Brazil, 2009). Additional skills, such as

technology, leadership, and governance, are required to succeed in engineering leadership.
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Engineering leaders are employed to lead technology-based companies focusing on a short-term
product cycle of weeks instead of years (Farr & Brazil, 2009). Odusami (2002) listed ten essential
skills for project managers;

1. Team Building Skills — the ability to use everyone's strength from various disciplines in an
effective team

2. Leadership Skills — the ability to lead a team, integrate individuals' strengths and
weaknesses, and lead individuals that will affect performance.

3. Conflict Resolution Skills — the ability to navigate conflicts fairly and respectfully to foster a
positive work environment.

4. Technical Skills — the ability to manage technological innovation and adoption of solutions.

5. Planning Skills — the ability to prepare the team for projects that require good
communication and information-pressing skills

6. Organisational Skills — the ability to understand the hierarchy of an organisation, and the
reporting relationships and control within technical departments.

7. Entrepreneurial Skills — the ability to identify and chase objectives that will lead to the
project or team's success, understanding the big picture.

8. Administrative Skills - Project managers must have strong administrative skills to effectively
lead their teams and ensure projects are completed on time and within budget. Some key
administrative skills for project managers include organisation, time management,
communication, and problem-solving.

9. Management support-building skills — building strong personal relationships with senior

management or directors.



10. Resource Allocation Skills - This involves identifying the resources needed for a project,
such as personnel, equipment, and funds, and allocating them as efficiently and effectively
as possible.

Chetty (2012) conducted a study emphasising a prominent global engineering organisation,
SKF. SKF specialises in manufacturing bearings and provides technical field support for its products.
The study primarily targeted individuals in key managerial positions within the organisation,
including middle managers, senior managers, and executive managers, all with engineering
backgrounds. Additionally, the study also included participation from human resource managers
within SKF. Chetty (2012) aims to identify similarities or differences in competencies between
engineers of different industry as his research only focused on a single organisation.

2.5 Conclusion
In conclusion, this comprehensive literature study has shed light on the multifaceted nature

of leadership skills, encompassing cognitive, interpersonal, business, and strategic competencies.
The exploration of cognitive skills highlighted the importance of effective communication, active
listening, critical thinking, and problem-solving in leadership roles. On the other hand, interpersonal
skills underscored the significance of social perceptiveness, coordination, negotiation, and
persuasion in navigating social interactions and exerting influence.

Furthermore, examining business skills emphasized managing material, personnel, and
financial resources to achieve organisational goals. Strategic skills enabled leaders to navigate
complexity, ambiguity, and change, while visioning and systems evaluation were identified as
critical components of strategic thinking.

Moreover, the discussion on soft skills emphasized their pivotal role in professional success,

with communication, leadership, teamwork, creativity, adaptability, decision-making, conflict
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resolution, emotional intelligence, and work ethics emerging as essential qualities for effective
leadership.

Finally, the review delved into engineering leadership, highlighting the importance of
technical mastery, collaborative optimization, and organisational innovation in engineering
leadership roles. Additionally, project management skills such as team building, conflict resolution,
technical expertise, planning, and resource allocation were identified as crucial for successful
project execution.

This literature study provides valuable insights into the diverse skill sets and competencies
required for effective engineering leadership across various domains. By understanding and honing
these skills, aspiring leaders can enhance their capabilities and make meaningful contributions to

their organisation's success in today's dynamic and ever-evolving landscape.
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3. Research Question
Q1: How do engineers rank different skills and competencies?

The research question aims to rank the skills and competencies essential for a successful
engineering leader. The purpose was to gather the perceptions from the participants, allowing them
to rank the identified skills and competencies based on their perceived importance in an
engineering leadership role.

Q2: Which leadership skills are more valued by engineering in various career stages?

This research question aims to identify and prioritise the leadership skills that engineers
across various career experiences most value by understanding which skills are highly valued in
engineering.

Q3: Which of the four leadership categories do engineers think is more important?

This research question aims to determine which of the four leadership domains
(interpersonal, business, strategy, and cognitive) engineers consider to be more important in their
professional context. By understanding engineers' perceptions of the relative importance of these
leadership domains, this research aims to provide insights that can inform leadership development
programes, training initiatives, and organisational strategies within engineering firms. Ultimately, the
goal is to enhance leadership effectiveness and organisational performance within the engineering
industry by focusing on the domains engineers prioritise as most critical to their success.

Q4: Can possible relationships between the perceptions of various level engineers and engineering
leaders be discovered?

Through statistical analysis of the data collected from questionnaires, this research aims to
explore the relationship between engineers' perceptions and the experience of engineering leaders.

By examining how engineers rank the identified skills and competencies for successful leadership,
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the study seeks to bridge the gap and provide valuable insights to support engineers transitioning

into management positions.
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4. Research Methodology
4.1 Research Method and Design

A mono-methodological approach was adopted in this research methodology, specifically
focusing on a single method: quantitative data collection and analysis. That method involved
gathering categorical or numerical data to assess hypotheses. That research followed a deductive
approach, wherein we evaluated hypotheses by collecting empirical data, as described by Saunders
and Lewis (2017). This research is built on Chetty (2012) studies, emphasising a single global
engineering organisation, SKF. This research will focus on the input of various engineers from
different industries.

The primary objective of this research was to determine relationships between skills and
competencies for engineering leaders, as perceived by engineers at various career experience levels
- from graduate to engineering leaders. The research employed a quantitative data collection
method, utilising an electronic questionnaire to gather empirical data. Subsequently, that data was
analysed to ascertain the validity of the hypotheses under examination.

4.2 Population

The objective of the research study was to encompass a broad and diverse population
comprising individuals actively engaged in the engineering profession. This population comprised
many professionals with engineering degrees from reputable universities—the inclusive approach
aimed to capture the engineering field's rich diversity and multifaceted nature.

The study included individuals from various sectors, industries, and hierarchical
organisational levels. This diverse group consisted of recent graduates starting their engineering
careers, junior-level engineers with some experience, mid-level engineers with advanced careers,

and executive-level professionals with leadership positions in their respective fields.
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In addition, the study's participants came from diverse companies and industries,
surpassing organisational boundaries. This inter-industry representation guaranteed that the
research results were not confined to a particular area but offered a comprehensive outlook on
engineering leadership capabilities and competencies across different sectors.

The reasoning behind the thorough and all-encompassing selection of participants was to
gather a diverse array of viewpoints and experiences. By engaging individuals from varying
professions and career levels, this research plans to accurately capture the intricacies and variations
in the skills and competencies deemed essential for engineering leadership. This comprehensive
approach enhanced the research results and contributed to a more thorough topic comprehension.

The core focus of this research endeavour lies in exploring the skills and competencies
exhibited by engineering leaders and engineers, spanning various disciplines such as mechanical,
chemical, and electronic engineering. The objective was to facilitate effective communication and
bridge the potential gap that may have existed between engineers from different domains. By
conducting this cross-disciplinary analysis, the research aimed to identify commonalities and
distinctions in leadership skills and competencies.

The overarching goal of this research was to cultivate a comprehensive understanding of
the skills and competencies essential for engineering leaders. This understanding was derived from
various perspectives, considering the opinions of professionals at different career stages and
disciplines within engineering. This multifaceted approach aimed to provide valuable insights for
engineers aspiring to transition into leadership roles and for Human Resource managers tasked with
talent development and management. Additionally, the study tracked and assessed how the
perceptions of engineers towards leadership skills and competencies evolved throughout their

careers.
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4.3 Unit of Analysis

The analysis was completed on engineering individuals with a background in engineering
with tertiary education in engineering and based on their career experience and perceptions of
engineering leaders. The final analysis ranked skills and competencies for engineering leaders based
on perceptions of engineers at different career levels. The career stages are as follows: junior
engineers (0-3 years), intermediate engineers (4-6 years), senior engineers (> seven years), and
engineering management/executives (>10 years). The analysis was completed on engineering
individuals with a background in engineering with tertiary education in engineering and based on
their career experience and perceptions of engineering leaders.

4.4 Sampling Method and Size

The precision and representativeness of data collected in quantitative research were
crucial. A meticulous approach was required for both the sampling method and the determination
of the appropriate sample size.

In this research project, securing responses from at least 100 engineering participants was
vital to ensure the statistical robustness of the data collection process. However, the general advice
was to take a sample size as large as possible for better accuracy (Yaddanapudi & Yaddanapudi,
2019).

According to Henneberry (2023), engineering careers are divided into four experience
levels: junior level (less than three years of experience), intermediate level (four to six years of
experience), senior level (eight or more years of experience), and engineering management (usually
with over ten years of experience, overseeing other engineers, and representing the organisation).
To obtain accurate data and create a representative dataset for analysis, gathering a minimum of

thirty respondents in each category was essential.
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The central limit theorem asserted that regardless of the population's initial shape, when
the sample size (n) grows more significant, the distribution of the sample means or proportion
converges toward a normal distribution. The standard error decreased as the sample size increased,
resulting in a narrower confidence interval. This, in turn, yielded a more precise estimate of the
population parameter (Wegner, 2010). To ensure a balanced representation of different career
stages in the engineering field, we aimed for a response rate of around 20%. To achieve this, we
estimated that we needed to distribute the questionnaire to more than 500 engineers to reach the
minimum required number of respondents.

The choice of a non-probability sampling method was deliberate, as it allowed for a targeted
selection of participants from within the engineering community. This approach enabled the
research to focus on individuals with specific expertise and experiences relevant to the study's
objectives.

To ensure that the data collected was accurate and representative, meticulous planning for
the sampling process was essential. By striving for a diverse and substantial pool of respondents
and carefully considering the distribution of participants across various career stages, the research
endeavour aimed to enhance the reliability and comprehensiveness of its findings. Ultimately, this
approach contributed to a more robust and insightful analysis of engineering leadership skills and
competencies. The eventual sample size collected was 85 respondents from various career stages,
which will be discussed further in the next section.

4.5 Questionnaire Design

The research methodology chosen for this study involved using questionnaires as the
primary data collection instrument. This approach required the development of a comprehensive
guestionnaire that aligned with the overarching research objective, which was to assess and rank

the skills and competencies essential for effective engineering leadership.

28



The research delved into a comprehensive exploration of the subject matter by conducting
an extensive literature review. This review was not limited to the engineering domain but instead
encompassed leadership skills and competencies relevant to various other fields of operations. By
taking on this broader perspective, the research aimed to tap into a vast array of insights and best
practices from diverse domains, enriching our understanding of leadership in engineering.

During the literature review phase, a meticulous examination of scholarly articles, research
studies, and publications from multiple disciplines was conducted to discuss leadership qualities,
attributes, and competencies. Commonalities and variations in leadership requirements across
different operational domains were identified, which helped create a more comprehensive
framework for evaluating engineering leadership.

Mumford et al. (2007) and Guzman et al. (2020) identified four leadership skill groups,
including cognitive, interpersonal, business, and strategic skills. Chetty (2012) and Odusami (2002)
outlined the necessary skills and competencies for an engineering leader, which could also be
grouped into these four categories. A questionnaire was created based on these skills and
competencies and divided into four leadership skill groups. The questionnaire was standardised to
collect data from many respondents via electronic surveying applications. Table 2 displays all the

skills and competencies included in the questionnaire.
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Table 2: Skill and Competencies for Leadership adapted from Chetty (2012), Mumford et al. (2007)

and Guzmdn et al. (2020).

Skills and Competencies for Leadership

Cognitive

Interpersonal

Business

Strategic

Communication
Active Listening
Writing

Read Comprehension
Active Learning

Critical Thinking

Managing people
Delegation

Tough Conversation
Public Speaking
Empowering Employees
Honing Employees
Consideration of
emotions

Ability to influence

Finance Management
Resource Management
Business Environment
Customer Desire
Customer Value
Business Priorities

Project Management

Marketing Skills
Survival of Business
Growth of Business
Sale of Product
Business Strategy
Ethical Decision Making
Shared Vision

Problem Identification

Solution Appraisal

Using Likert scale questions, participants were asked to rate engineering leaders' skills and

competencies from four leadership groups. The rating questions were required to be unambiguous.

The scale ranged from "not important at all" (1) to "extremely important" (5). As part of the survey,

the questionnaire collected basic demographic information such as job experience and managerial

experience. A qualifying question related to engineering and business qualifications was used to

ensure the correct population was surveyed.

Two experienced engineers participated in a questionnaire pilot. The main goals of this test

were twofold. Firstly, to confirm that the questionnaire had a smooth and logical flow for the

respondents. Secondly, to ensure that the data collected through this questionnaire was




comprehensive and suitable for subsequent analysis. The test run was completed, and the
questionnaire was effective in achieving its objectives.

The engineers meticulously examined the structure of the questionnaire to ensure that it
flowed smoothly from one section to another, avoiding any jarring transitions or redundancy. They
paid particular attention to the order of the questions, ensuring that it was intuitive and conducive
to accurate data collection.

4.6 Data Gathering Process

Data was collected using questionnaires, where the population was asked the same closed-
end questions to build and collect data. The questionnaire was modified to better suit engineers of
different career levels, focusing on gathering their perceptions of the skills and competencies
necessary to become an engineering leader. Additionally, the same questionnaire was utilised to
gather data on the skills and competencies of current engineering leaders. The questionnaire was
developed on an electronic survey software, Google Form, allowing the respondent to complete it
at their convenience. These applications assisted with the data collection and stored the data for
analysis at a later stage. The questionnaire was distributed electronically, with an HTML link to the
guestionnaire.

Gathered data through snowball sampling effectively acquired responses, particularly when
participants were closely interconnected in a field (Wegner, 2010). This method relied on the
principle that one respondent within the target sample could identify and refer another potential
participant who fit the research criteria. The initial engagement was done within the researcher's
professional network of colleagues, friends, and family, as they possessed correct engineering
insights or expertise relevant to the research's focus.

The research study started by qualifying participants through questionnaires, who were

then invited to participate and served as the starting point for a snowball effect. After their
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involvement, they were asked for referrals within their professional network, which initiated a
referral chain. These referred individuals, "second-generation participants," could be prompted to
extend the chain further through additional referrals.

This approach offered the advantage of gathering input from a wide range of professionals
within the network, enriching the research dataset with diverse perspectives and experiences. The
foundation of trust and rapport, which was often established through referrals from trusted
colleagues, enhanced participation and fostered authentic responses. Ethical considerations
underpinned the entire process, with informed consent and data privacy protections at the
forefront, ensuring the integrity of the research.

4.7 Analysis Approach

The questionnaire was designed to rate various skills and competencies of a successful
engineering leader from the perception of various levels of engineers. The various levels of
engineers were classified as categorical data. The ranking of the various skills and competencies
created ordinal data (Saunders & Lewis, 2017). The final data was subject to editing and cleaning to
ensure consistency and possible omissions of the questionnaires.

Determining the average ranking of the ordinal data of each skill and competency was the
first step of the analysis, as illustrated Odusami (2002) and Chetty (2012). The categorical data was
put through an allocation phase to allocate numerical data to the categorical data, allowing for a
more straightforward analysis in IBM SPSS.

The data analysis involved comparing the rankings of skills and competencies among
different career levels of engineers. The first step was to determine the mean and standard
deviation of all the skills and competencies from the various leadership groups for the various
engineering career experiences. A Kruskal-Wallis H Test was conducted, as the test's primary

purpose was to evaluate the means of three or more samples. This nonparametric test allowed us
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to assess whether there were statistically significant differences between the rankings of skills and
competencies for multiple categorical groups (in this case, the various levels of engineers) on a
continuous or ordinal dependent variable (the rankings of skills and competencies) (Chetty, 2012).

An alpha level (level of significance) of 0.05 was used for analysis. This indicated that the
tails of the sampling distribution represented a 5% chance of rejecting the null hypothesis (Albright
et al., 2011). P-values represented the probability of observing a sample statistic if the sample
parameter's assumed value was the null hypothesis. If the calculated p-value was more significant
than 0.05, this suggested similarities across the different career experiences. On the other hand, if
the p-value was less than 0.05, this indicated significant differences between the various career
experiences, and the null hypothesis should have been rejected (Wegner, 2010).

In order to conduct a Kruskal-Wallis H test, the dataset must satisfy certain assumptions.
Failure to meet these assumptions can lead to incorrect interpretations of the results. Thus, it is
crucial to scrutinise the dataset carefully prior to conducting the test. Properly fulfilling these
requirements can ensure that the Kruskal-Wallis H test is utilised effectively and accurately to derive
meaningful insights and conclusions.

Assumption #1: The dependent variable has been measured in ordinal levels. In this
scenario, the dependent variables are the skills, and they have been evaluated using a 5-point Likert
scale.

Assumption #2: The independent variable must consist of two or more categorical
independent groups. In this context, the independent variables consist of four levels representing
the career experience of the engineers.

Assumption #3: The sample must be independent of observations. In this context, the

requirement for independence of observations is satisfied, as each respondent participated in the
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survey voluntarily and independently. Each respondent completed the survey independently, using
their devices, without interference from others or the researcher.

The null hypothesis (Ho) for a Kruskal-Wallis H test states no significant differences among
the means of the groups being compared.

Null Hypothesis Ho: The dependent variable’s mean of all groups is equal.

Alternate Hypothesis Hi: At least one of the dependent variable’s means of all the groups
are unequal.

4.8 Quality Control

Quality control was a crucial aspect of conducting quantitative research using survey
methodology. It ensured that the data collected was reliable, accurate and valid. There were several
quality control measures in place to achieve this. Firstly, the questionnaire must be well-designed
with clear, concise questions that respondents could easily understand. It should also be free from
any bias or leading language that may have influenced the results.

Before administering the questionnaire to the sample group, an independent respondent,
who was not part of the sample, was used to assess the questionnaire's functionality and overall
flow. Additionally, two engineers from the sample group were involved in a trial run of the
questionnaire to validate its suitability for effectively capturing the perspectives and insights
relevant to the engineering field. This thorough testing ensured that the questionnaire was
sufficient to facilitate an in-depth understanding of engineering-related matters.

It was essential to select the correct sample and population for research, and sufficient
respondents should have been collected to ensure the validity and reliability of the data. Any
incomplete questionnaires should have been removed from the data collected. IBM SPSS software
should have been used for data analysis using correct statistical methods to ensure the results were

valid and reliable. An independent statistical analysis expert should have reviewed the data analysis.
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The results should have been interpreted accurately and clearly without any bias or incorrect
representation of data, with correct figures and descriptions provided.
4.9 Limitations

In the chosen research methodology, several noteworthy limitations warranted
consideration. One significant concern was the potential for a limited response rate, a common
challenge in quantitative research endeavours. While quantitative research provided valuable
numerical data, it often lacked the depth and granularity required to comprehend complex
phenomena fully. This limitation was particularly relevant when examining multifaceted topics such

as the skills and competencies of engineering leaders.
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5. Results
5.1 Introduction

This chapter comprehensively displays the data collected through the survey and the
statistical analysis performed on the data. The aim is to provide a clear and detailed presentation
of the information gathered, enabling a more in-depth understanding of the results obtained.

An electronic survey was utilised to collect data through personal networks, including
WhatsApp, Email, and Telegram, as well as on social media platforms like Facebook and LinkedIn.
The survey's objective was to gather ordinal data by using a Likert Scale, wherein engineers were
requested to rank various skills and competencies necessary for an Engineering Leader.

5.2 Data Results

Electronic surveys were distributed to various career-stage engineers. The surveys provide
engineers the chance to rank various soft skills, technical skills, and business competencies
necessary for engineering leadership.

5.2.1 Sample Overview

The electronic survey was distributed via various personal networks, including WhatsApp,
Email, and Telegram, and on social media platforms like Facebook and LinkedIn. Data collected
started on the 17™ of October 2023 until the 27% of January 2024. In this period, a total of 85
responses were collected. Table 3 below shows the qualification level of the respondents. Table 4
shows the years of experience of the collected respondents as engineers.

Table 3 - Qualification of respondents

What engineering gualification do you have?

Frequency Percent

Total 85 100.0
Technical qualification from a college eg. Diploma, certification (NQF Level 6) 6 7.1
Bachelor of Technology in Engineering (BTech Eng) (NQF Level 7) 6 7.1
Bachelors of Engineering (BEng) or Bachelors of Science in Engineering (NQF Level 7) 37 43.5

Honours Degree in Engineering (BEng Hons) (NQF Level 8) 18 21.2
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Masters in Engineering (MEng or MSc) (NQF Level 9) 15 17.6
Doctorate in Engineering (PhD) (NQF Level 10) 3 3.5

Table 4 - Years of Experience for Respondents

Years of experience as an Engineer

Frequency Percent Valid Percent

Junior Level (0 - 3 years) 20 23.5 235
Intermediate Level (4 - 6 years) 8 9.4 9.4
Senior Level (>7 years) 25 29.4 29.4
Engineering Management/leader (>10 years) 32 37.6 37.6
Total 85 100.0 100.0

An additional question was asked if any respondents attained any business qualifications.
From the twenty junior-level engineer respondents, no business qualifications have been attained.
Only two of the six intermediate-level engineering respondents had additional business
qualifications in the form of postgraduate diplomas in business management (PGDip/PDBA). Six of
twenty-five senior engineer respondents completed a PGDip/PDBA, and one respondent completed
a Project Management Professional (PMP) qualification. Of the thirty-two-engineering
management/leader respondents, six respondents have PGDip/PDBA, six respondents have
completed a Master’s in Business Administration (MBA), one respondent has also completed a PMP
as well Lean Six Sigma and is a business turnaround analyst, one respondent is a registered engineer
(Pr. Eng) at the Engineering Council of South Africa (ECSA), and final one respondent mentioned
that they have over 40 years of experience as an engineer.

The respondents were also asked three additional questions: first, do the respondents have
people reporting to them; fifty-one answered yes, and thirty-four answered no see Figure 8 in
annexure A for the chart. Second, do the respondents have managers reporting to them; twenty
answered yes, and sixty-five answered no see Figure 9 in annexure A for the chart. Finally, the
respondents were asked if they consider themselves engineering leaders; sixty-two answered yes,

and twenty-three answered no see Figure 10 in annexure A for the chart.
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5.2.2  Skill Rankings
5.2.2.1 Complete Sample Ranking

The survey data has been organised into five categories: Cognitive, Interpersonal, Business,
Strategic, and Other. Participants rated the importance of these skills for an engineering leader,
utilising a Likert scale that spans from 1 (Not Important at all) to 5 (Extremely Important). Due to
the ordinal nature of the data, statistical analysis has been applied to the entire sample. The mean
has been computed from the ordinal responses, resulting in a ranking of the skills from most to least
important.

Additionally, measures of variability, such as standard deviation, have been calculated to
convey the dispersion of responses within each skill. This statistical approach aims to provide an
overall ranking of importance and insights into the spread or diversity of opinions within each skill
set. This analysis contributes to a more nuanced understanding of the perceived significance of
cognitive, interpersonal, business, strategic, and other skills among the surveyed participants in the
context of engineering leadership. The means and standard deviations have been computed to
establish an overview and measure the variability within the complete sample of eighty-five
respondents. The mean is determined by summing the scores assigned by each selected respondent
for the specific skill and subsequently dividing this sum by the total number of participants in the
sample. This calculation determines a general ranking of the surveyed data and assesses the extent
of deviation within the sample. Table 5, Table 6, Table 7, Table 8 and Table 9 below show the mean
and standard deviation of the complete dataset.

Table 5 — Mean of All Respondents for Cognitive Skills

Variables Mean N S.td'.
Deviation

Communication (talking to convey information effectively) 4.67 85 497

Active listening (listening to what other people are saying and asking appropriate 458 85 564

questions)
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Variables Mean N S.td'.
Deviation
Writing (effective communication in writing) 4.16 85 .670
Read comprehension (understanding written sentences and paragraphs in work related
4.35 85 719
documents)
Active learning (working with new information to grasp its implications) 4.3385 .679
Critical Thinker (using logic and analysis to identify the strengths and weaknesses of
. 4.61 85 .558
different approaches)
Table 6 — Mean of All Respondents for Interpersonal Skills
. Std.
Variables MeanN o iation
Interpersonal skill — managing people 4.21 85 .709
Interpersonal skill — delegation 4.13 85 .651
Interpersonal skill — being able to have tough conversations 42185 757
Interpersonal skill — public speaking 3.3285 .848
Interpersonal skill — empowering employees so that they can conduct their
L . 4.26 85 726
responsibilities effectively
Interpe_rsonal skill - honing employees abilities so that they can achieve their full 4.15 85 699
potential
Interpersonal skill — consideration of emotions of staff which contributes to building trust 3.94 85 .761
Leadership — Ability to influence others 41385 .720
Leadership — Managing the way people perceive you 3.3985 1.001
Leadership — Managing your own reputation 3.64 85 .937



Table 7 — Mean of All Respondents for Business Skills

Variables Mean N S.td'.
Deviation
Management of Financial resources 40285 .740
Management of Material Resources (obtaining and seeing to the appropriate use of
; L : ; 40085 .756
equipment, facilities, and materials needed to do certain work)
Business — Anticipate the business operating environment in the next 5 years 39685 .823
Business — Determine what goods and services customer desire, including the price they
o 3.8985 913
are willing to pay
Business — Determining what constitutes customer value 39685 .823
Business — Determine business priorities 40585 .800
Business — a knowledge of contemporary issues (current events) 3.6085 .889
Project Management skills 42585 .722
Economics — Being able to understand economic operating environment 3.8285 .819
Economics — Being able to understand the functional drivers of the business 40585 .770
Table 8 — Mean of All Respondents for Strategic Skills
Variables Mean N S.td'.
Deviation
Marketing Skills (product, positioning, advertising promotions, etc.) 3.04 85 .969
Business — Assume responsibility for the survival and growth of the business 3.9285 .889
gtacles — How to sell engineering products, different sales techniques, buying behaviour, 33585 948
Business — Set direction including establishing a strategy 4.05 85 722
Leadership — Make decisions ethically and understanding ethical responsibilities 4.44 85 .663
Leadership — Communicate direction including a shared understanding of the direction 4.27 85 .605
Visioning (developing an image of how a system should work under ideal conditions) 4.25 85 722
Systems perception (determining when important changes have occurred in a system or
) 4.0485 .680
are likely to occur)
System Evaluation (looking at many indicators of system performance, taking into
. 40885  .658
account their accuracy)
Identification of downstream consequences (determining the long-term outcomes of a
X ) 42585 .671
change in operations)
gdoe;;)tlflcatlon of key causes (identifying the things that must be changed to achieve a 43185 557
Problem Identification (identifying the nature of problems) 4.45 85 .608
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Std.
Deviation
Solution Appraisal (observing and evaluating the outcomes of problem solution to identify

- 4.26 85.657
lessons learned or redirect efforts)

Variables Mean N

Table 9 — Mean of All Respondents for Other Skills

Variables Mean N Std. Deviation
Technical Knowledge 4.04 85 .906
Quality Management 4.06 85 .792

5.2.2.2 Engineer Experience Ranking

As previously described, an identical methodology has been applied to calculate the mean
and standard deviation. However, in this instance, the independent groups are organised based on
the experience levels of the engineers. This approach allows for a nuanced analysis of the means
and standard deviations within each experience group, providing insights into how perceptions of
importance and variability in skill ratings may vary across different levels of professional experience
among engineers. Table 10, Table 11, Table 12, Table 13 and Table 14 below show the means and
standard deviation for the various experience levels of engineers.

Table 10- Mean of Cognitive Skills for Years of experience as an engineer

Years of experience as an Engineer

Intermediate Engineering
Junior Level (O] Level (4-6 Senior Level [Management/leader (>10
- 3 years) years) (>7 years) years)
Std. Std. Std.

Mean N Dev [Mean N Dev |[Mean N Dev| Mean N Std. Dev
Communication (talking to convey  4.75 20 .444 1 4.88 8 .354 |4.68 25 .476| 4.56 32 .564
information effectively)
Active listening (listening to what 445 20 .605| 4.63 8 .518 |4.60 25 577| 4.62 32 .554
other people are saying and asking
appropriate questions)
Writing (effective communication in  4.10 20 .718 | 450 8 .535 |4.24 25 663 | 4.06 32 .669
writing)
Read comprehension 4.15 20 .745(4.88 8 .354 |4.52 25 586 4.22 32 .792
(understanding written sentences
and paragraphs in work related
documents)
Active learning (working with new  4.10 20 .641 | 4.38 8 .744 [4.32 25 690 4.47 32 671
information to grasp its implications)
Critical Thinker (using logic and 4.60 20 503 | 4.62 8 .518 |4.56 25 .651| 4.66 32 .545
analysis to identify the strengths and
weaknesses of different
approaches)




Table 11 - Mean of Interpersonal Skills for Years of experience as an engineer

Years of experience as an Engineer

Junior Level (0| Intermediate | Senior Level Engineering
- 3 years) Level (4 -6 (>7 years) |Management/leader (>10
years) years)
Mean N Std. |[Mean N Std. |[Mean N Std. [ Mean N Std. Dev
Dev Dev Dev
Interpersonal skill - managing 3.95 20 686 | 4.13 8 .835 |4.44 25 583 | 4.22 32 .751
people
Interpersonal skill - delegation 3.95 20 .759 | 425 8 .463 |4.20 25 .764| 4.16 32 .515
Interpersonal skill - being ableto  3.75 20 .851 | 4.00 8 .926 |(4.44 25 507| 4.38 32 .707
have tough conversations
Interpersonal skill - public speaking 3.30 20 .923 | 3.62 8 .916 |3.52 25 .653| 3.09 32 .893
Interpersonal skill - empowering 420 20 .768 | 4.13 8 .641 |4.44 25 .712| 419 32 .738
employees so that they can
conduct their responsibilities
effectively
Interpersonal skill - honing 4.05 20 .759| 413 8 .641 |4.32 25 .690| 4.09 32 .689
employees abilities so that they
can achieve their full potential
Interpersonal skill - consideration  3.75 20 .786 | 4.00 8 .756 |4.08 25 .702| 3.94 32 .801
of emotions of staff which
contributes to building trust
Leadership - Ability to influence 3.75 20 .716 | 400 8 .926 |4.36 25 569 | 4.22 32 .706
others
Leadership - Managing the way 3.20 20 951 | 4.00 8 1.069 |3.56 25 .821| 3.22 32 1.099
people perceive you
Leadership - Managing your own  3.60 20 .940 | 3.75 8 1.035 |(3.80 25 .764| 350 32 1.047
reputation
Table 12 - Mean of Business Skills for Years of experience as an engineer
Years of experience as an Engineer
Junior Level (O Intermediate | Senior Level Engineering
- 3 years) Level (4 -6 (>7 years) Management/leader
years) (>10 years)
Mean N Std. [Mean N Std. [Mean N Std. [ Mean N Std. Dev
Dev Dev Dev
Management of Financial resources 4,05 20 .759] 4.13 8 .835 |4.00 25.764| 4.00 32 718
Management of Material Resources 3.90 20 .5534.13 8 1.126 (3.92 25 .759| 4.09 32 777
(obtaining and seeing to the
appropriate use of equipment,
facilities, and materials needed to do
certain work)
Business - Anticipate the business 3.70 20 .865| 3.88 8 .835 |3.96 25.790| 4.16 32 .808
operating environment in the next 5
years
Business - Determine what goods and 3.95 20 .759| 4.25 8 .886 |3.84 25 .850| 3.81 32 1.061
services customer desire, including the
price they are willing to pay
Business - Determining what 3.85 20 .813(4.13 8 .641 |4.16 25 .800| 3.84 32 .884
constitutes customer value
Business - Determine business 4.10 20 .718 | 4.00 8 .926 |3.80 25 .764| 4.22 32 .832
priorities
Business - a knowledge of 3.80 20 .696| 3.50 8 .926 |3.56 25.712| 3,53 32 1.107
contemporary issues (current events)
Project Management skills 4.75 20 550 4.63 8 .518 |4.08 25 .702| 3.97 32 .695
Economics - Being able to understand 3.75 20 .851| 4.13 8 .641 |3.68 25 .802| 391 32 .856
economic operating environment
Economics - Being able to understand 4.00 20 .725|4.25 8 .707 |3.80 25 .707| 4.22 32 .832
the functional drivers of the business
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Table 13 - Mean of Strategic Skills for Years of experience as an engineer

Years of experience as an Engineer

Junior Level (O Intermediate | Senior Level Engineering
- 3 years) Level (4-6 (>7 years) |Management/leader (>10
years) years)
Mean N Std. [IMean N Std. |Mean N Std. | Mean N Std. Dev
Dev Dev Dev
Marketing Skills (product, positioning, 3.10 20 .912 ] 3.38 8 1.061 |2.92 25 .909| 3.00 32 1.047
advertising promotions, etc.)
Business - Assume responsibility for 3.70 20 .801 ) 4.00 8 .926 |3.88 25 .881| 4.06 32 .948
the survival and growth of the
business
Sales - How to sell engineering 3.30 20 .801 | 3.88 8 1.126 [3.12 25 .881| 3.44 32 1.014
products, different sales techniques,
buying behaviour, etc.
Business - Set direction including 3.85 20 .745(3.88 8 .991 [3.96 25 .676| 4.28 32 .634
establishing a strategy
Leadership - Make decisions ethically 4.60 20 .598 | 4.63 8 .518 [4.48 25 586| 4.25 32 .762
and understanding ethical
responsibilities
Leadership - Communicate direction 4.15 20 .587 | 4.00 8 .756 |4.44 25 583| 4.28 32 .581
including a shared understanding of
the direction
Visioning (developing an image of 420 20 .834|4.62 8 .518 |4.28 25 .678| 4.16 32 .723
how a system should work under
ideal conditions)
Systems perception (determining 410 20 .852 | 4.25 8 .707 |3.88 25 .600| 4.06 32 .619
when important changes have
occurred in a system or are likely to
occur)
System Evaluation (looking at many 3.95 20 .826 | 4.25 8 .463 |4.08 25 .640| 4.13 32 .609
indicators of system performance,
taking into account their accuracy)
Identification of downstream 410 20 .718 1 4.38 8 .744 |4.36 25 569 | 4.22 32 .706
consequences (determining the long-
term outcomes of a change in
operations)
Identification of key causes 4.20 20 523 | 4.63 8 .518 (4.32 25 476| 4.28 32 .634
(identifying the things that must be
changed to achieve a goal)
Problem Identification (identifying the 4.35 20 .587 | 4.75 8 .463 |4.44 25 .712| 4.44 32 .564
nature of problems)
Solution Appraisal (observing and 410 20 .641]|4.63 8 .518 |4.40 25 577| 4.16 32 .723
evaluating the outcomes of problem
solution to identify lessons learned or
redirect efforts)
Table 14 — Mean of Other Skills for Years of experience as an engineer
Years of experience as an Engineer
Junior Level (0 - 3|Intermediate Level (4 | Senior Level (>7 Engineering
years) - 6 years) years) Management/leader (>10 years)

Mean N Std. Dev] Mean N Std. Dev |Mean N Std. Dev] Mean N Std. Dev
Technical 4.05 20 .887 388 8 1.126 |3.88 25 1.054 4.19 32 .738
Knowledge
Quiality 4.25 20 .639 425 8 .886 3.92 25 .862 4.00 32 .803
Management
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5.3 Statistical Results

In delving into the results derived from the statistical analysis of the data gathered through
questionnaires, this research endeavours to uncover connections between engineers' perspectives
and the experience levels of engineering leaders. By examining how engineers prioritise specific
skills and competencies crucial for effective leadership, this study aims to contribute meaningful
insights, facilitating a better understanding of the dynamics surrounding engineers transitioning
into managerial roles.

5.3.1 Statistical Analysis Breakdown

A Kruskal-Wallis H Test was completed, as the test's primary purpose was to evaluate the
means of three or more samples. This nonparametric test allowed us to assess whether statistically
significant differences existed between the rankings of skills and competencies for multiple
categorical groups in the engineers' experience.

An alpha level (significance level) of 0.05 was employed for the analysis, signifying that the
tails of the sampling distribution accounted for a 5% probability of rejecting the null hypothesis
(Albright et al., 2011). The p-values served as an indication of the likelihood of observing a sample
statistic under the assumption that the actual value of the sample parameter was consistent with
the null hypothesis—a calculated p-value exceeding 0.05 suggested similarities across diverse
career experiences. Conversely, a p-value below 0.05 indicated significant differences among career

experiences, leading to rejecting the null hypothesis.
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5.3.2 Results of Statistical Analysis

Table 15 displays the mean ranks of various skills and competencies for engineering leaders
among engineers categorized by their years of experience. These mean ranks represent the relative
proficiency levels across different skill sets within each experience group. The Kruskal-Wallis H test
was conducted to determine if there are statistically significant differences in the distribution of
these mean ranks across the experience categories. By examining these ranks, we can gain insights
into how the development and mastery of skills may vary across different stages of an engineer's
career trajectory.

Table 15 - Kruskal-Wallis H Test Mean Ranks

Ranks
Years of experience as an N Mean
Engineer Rank
Communication (talking to convey information effectively) Engineering 32 39.02
Management/leader (>10
years)
Intermediate Level (4 - 6 8 51.25
years)
Junior Level (0 - 3 years) 20 46.00
Senior Level (>7 years) 25 43.06
Total 85
Active listening (listening to what other people are saying and Engineering 32 44.89
asking appropriate questions) Management/leader (>10
years)
Intermediate Level (4 - 6 8 4413
years)
Junior Level (0 - 3 years) 20 38.17
Senior Level (>7 years) 25 44.08
Total 85
Writing (effective communication in writing) Engineering 32 39.56
Management/leader (>10
years)
Intermediate Level (4 - 6 8 54.00
years)
Junior Level (0 - 3 years) 20 41.00
Senior Level (>7 years) 25 45.48
Total 85
Read comprehension (understanding written sentences and Engineering 32 39.22
paragraphs in work related documents) Management/leader (>10
years)
Intermediate Level (4 - 6 8 60.31
years)
Junior Level (0 - 3 years) 20 36.33
Senior Level (>7 years) 25 47.64

Total 85
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Ranks

Years of experience as an N Mean

Engineer Rank
Active learning (working with new information to grasp its Engineering 32 47.89
implications) Management/leader (>10

years)

Intermediate Level (4 - 6 8 44381

years)

Junior Level (0 - 3 years) 20 34.85

Senior Level (>7 years) 25 42.68

Total 85
Critical Thinker (using logic and analysis to identify the strengths Engineering 32 4472
and weaknesses of different approaches) Management/leader (>10

years)

Intermediate Level (4 - 6 8 4263

years)

Junior Level (0 - 3 years) 20 41.60

Senior Level (>7 years) 25 42.04

Total 85
Interpersonal skill - managing people Engineering 32 43.69

Management/leader (>10

years)

Intermediate Level (4 - 6 8 40.56

years)

Junior Level (0 - 3 years) 20 34.17

Senior Level (>7 years) 25 49.96

Total 85
Interpersonal skill - delegation Engineering 32 43.47

Management/leader (>10

years)

Intermediate Level (4 - 6 8 46.50

years)

Junior Level (0 - 3 years) 20 37.35

Senior Level (>7 years) 25 45.80

Total 85
Interpersonal skill - being able to have tough conversations Engineering 32 47.88

Management/leader (>10

years)

Intermediate Level (4 - 6 8 37.13

years)

Junior Level (0 - 3 years) 20 30.25

Senior Level (>7 years) 25 48.84

Total 85
Interpersonal skill - public speaking Engineering 32 37.80

Management/leader (>10

years)

Intermediate Level (4 - 6 8 49.00

years)

Junior Level (0 - 3 years) 20 42.25

Senior Level (>7 years) 25 48.34

Total 85
Interpersonal skill - empowering employees so that they can Engineering 32 40.80
conduct their responsibilities effectively Management/leader (>10

years)

Intermediate Level (4 - 6 8 37.56

years)

Junior Level (0 - 3 years) 20 41.20

Senior Level (>7 years) 25 49.00
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Ranks

Years of experience as an N Mean

Engineer Rank

Total 85
Interpersonal skill - honing employees abilities so that they can  Engineering 32 40.78
achieve their full potential Management/leader (>10

years)

Intermediate Level (4 - 6 8 4144

years)

Junior Level (0 - 3 years) 20 40.40

Senior Level (>7 years) 25 48.42

Total 85
Interpersonal skill - consideration of emotions of staff which Engineering 32 4261
contributes to building trust Management/leader (>10

years)

Intermediate Level (4 - 6 8 44.63

years)

Junior Level (0 - 3 years) 20 37.85

Senior Level (>7 years) 25 47.10

Total 85
Leadership - Ability to influence others Engineering 32 45.80

Management/leader (>10

years)

Intermediate Level (4 - 6 8 39.56

years)

Junior Level (0 - 3 years) 20 31.20

Senior Level (>7 years) 25 49.96

Total 85
Leadership - Managing the way people perceive you Engineering 32 39.75

Management/leader (>10

years)

Intermediate Level (4 - 6 8 57.50

years)

Junior Level (0 - 3 years) 20 38.33

Senior Level (>7 years) 25 46.26

Total 85
Leadership - Managing your own reputation Engineering 32 40.42

Management/leader (>10

years)

Intermediate Level (4 - 6 8 45.88

years)

Junior Level (0 - 3 years) 20 42.23

Senior Level (>7 years) 25 46.00

Total 85
Management of Financial resources Engineering 32 4233

Management/leader (>10

years)

Intermediate Level (4 - 6 8 4594

years)

Junior Level (0 - 3 years) 20 43.43

Senior Level (>7 years) 25 4258

Total 85
Management of Material Resources (obtaining and seeing to the Engineering 32 45.97
appropriate use of equipment, facilities, and materials needed to Management/leader (>10
do certain work) years)

Intermediate Level (4 - 6 8 4950

years)

Junior Level (0 - 3 years) 20 38.75
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Ranks

Years of experience as an N Mean

Engineer Rank

Senior Level (>7 years) 25 40.52

Total 85
Business - Anticipate the business operating environment in the  Engineering 32 48.63
next 5 years Management/leader (>10

years)

Intermediate Level (4 - 6 8 39.75

years)

Junior Level (0 - 3 years) 20 35.45

Senior Level (>7 years) 25 42.88

Total 85
Business - Determine what goods and services customer desire, Engineering 32 4191
including the price they are willing to pay Management/leader (>10

years)

Intermediate Level (4 - 6 8 52.00

years)

Junior Level (0 - 3 years) 20 43.28

Senior Level (>7 years) 25 41.30

Total 85
Business - Determining what constitutes customer value Engineering 32 40.20

Management/leader (>10

years)

Intermediate Level (4 - 6 8 46.75

years)

Junior Level (0 - 3 years) 20 39.55

Senior Level (>7 years) 25 48.14

Total 85
Business - Determine business priorities Engineering 32 48.81

Management/leader (>10

years)

Intermediate Level (4 - 6 8 41.38

years)

Junior Level (0 - 3 years) 20 43.80

Senior Level (>7 years) 25 3544

Total 85
Business - a knowledge of contemporary issues (current events) Engineering 32 4223

Management/leader (>10

years)

Intermediate Level (4 - 6 8 39.31

years)

Junior Level (0 - 3 years) 20 48.08

Senior Level (>7 years) 25 41.10

Total 85
Project Management skills Engineering 32 33.97

Management/leader (>10

years)

Intermediate Level (4 - 6 8 5481

years)

Junior Level (0 - 3 years) 20 59.95

Senior Level (>7 years) 25 37.22

Total 85
Economics - Being able to understand economic operating Engineering 32 4555
environment Management/leader (>10

years)

Intermediate Level (4 - 6 8 5131

years)
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Ranks

Years of experience as an N Mean

Engineer Rank

Junior Level (0 - 3 years) 20 40.53

Senior Level (>7 years) 25 39.06

Total 85
Economics - Being able to understand the functional drivers of the Engineering 32 48.70
business Management/leader (>10

years)

Intermediate Level (4 - 6 8 48.75

years)

Junior Level (0 - 3 years) 20 41.00

Senior Level (>7 years) 25 35.46

Total 85
Marketing Skills (product, positioning, advertising promotions, etc.)Engineering 32 4261

Management/leader (>10

years)

Intermediate Level (4 - 6 8 4950

years)

Junior Level (0 - 3 years) 20 44.08

Senior Level (>7 years) 25 40.56

Total 85
Business - Assume responsibility for the survival and growth of theEngineering 32 47.53
business Management/leader (>10

years)

Intermediate Level (4 - 6 8 4588

years)

Junior Level (0 - 3 years) 20 36.70

Senior Level (>7 years) 25 41.32

Total 85
Sales - How to sell engineering products, different sales Engineering 32 44.88
techniques, buying behavior, etc. Management/leader (>10

years)

Intermediate Level (4 - 6 8 55.00

years)

Junior Level (0 - 3 years) 20 41.70

Senior Level (>7 years) 25 37.80

Total 85
Business - Set direction including establishing a strategy Engineering 32 50.08

Management/leader (>10

years)

Intermediate Level (4 - 6 8 37.69

years)

Junior Level (0 - 3 years) 20 37.15

Senior Level (>7 years) 25 40.32

Total 85
Leadership - Make decisions ethically and understanding ethical Engineering 32 37.45
responsibilities Management/leader (>10

years)

Intermediate Level (4 - 6 8 48.69

years)

Junior Level (0 - 3 years) 20 48.68

Senior Level (>7 years) 25 43.74

Total 85
Leadership - Communicate direction including a shared Engineering 32 4319

understanding of the direction

Management/leader (>10
years)
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Ranks
Years of experience as an N Mean
Engineer Rank
Intermediate Level (4 - 6 8 34.38
years)
Junior Level (0 - 3 years) 20 38.50
Senior Level (>7 years) 25 49.12
Total 85
Visioning (developing an image of how a system should work Engineering 32 39.94
under ideal conditions) Management/leader (>10
years)
Intermediate Level (4 - 6 8 54.94
years)
Junior Level (0 - 3 years) 20 4250
Senior Level (>7 years) 25 4350
Total 85
Systems perception (determining when important changes have Engineering 32 43.83
occurred in a system or are likely to occur) Management/leader (>10
years)
Intermediate Level (4 - 6 8 50.06
years)
Junior Level (0 - 3 years) 20 45.30
Senior Level (>7 years) 25 37.84
Total 85
System Evaluation (looking at many indicators of system Engineering 32 4431
performance, taking into account their accuracy) Management/leader (>10
years)
Intermediate Level (4 - 6 8 48.25
years)
Junior Level (0 - 3 years) 20 38.98
Senior Level (>7 years) 25 42.86
Total 85
Identification of downstream consequences (determining the Engineering 32 42.23
long-term outcomes of a change in operations) Management/leader (>10
years)
Intermediate Level (4 - 6 8 47.69
years)
Junior Level (0 - 3 years) 20 38.30
Senior Level (>7 years) 25 46.24
Total 85
Identification of key causes (identifying the things that must be Engineering 32 42,61
changed to achieve a goal) Management/leader (>10
years)
Intermediate Level (4 - 6 8 5531
years)
Junior Level (0 - 3 years) 20 38.75
Senior Level (>7 years) 25 42.96
Total 85
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Ranks

Years of experience as an N Mean

Engineer Rank
Problem Identification (identifying the nature of problems) Engineering 32 42.09

Management/leader (>10

years)

Intermediate Level (4 - 6 8 54.00

years)

Junior Level (0 - 3 years) 20 38.95

Senior Level (>7 years) 25 43.88

Total 85
Solution Appraisal (observing and evaluating the outcomes of Engineering 32 39.92

problem solution to identify lessons learned or redirect efforts) Management/leader (>10

years)

Intermediate Level (4 - 6 8 5544

years)

Junior Level (0 - 3 years) 20 37.40

Senior Level (>7 years) 25 47.44

Total 85
Technical Knowledge Engineering 32 46.03

Management/leader (>10

years)

Intermediate Level (4 - 6 8 40.00

years)

Junior Level (0 - 3 years) 20 43.15

Senior Level (>7 years) 25 39.96

Total 85
Quality Management Engineering 32 41.14

Management/leader (>10

years)

Intermediate Level (4 - 6 8 48.75

years)

Junior Level (0 - 3 years) 20 47.93

Senior Level (>7 years) 25 39.60

Total 85

Table 16 presents the results of a Kruskal-Wallis test examining the significance of

differences in various skills and competencies among engineers with different levels of experience.



The grouping variable, "Years of experience as an Engineer," categorizes engineers into different

experience levels. The test evaluates whether there are statistically significant differences in the

mean ranks of these skills across the different experience groups. The significance level (Asymp.

Sig.) indicates the probability of obtaining the observed results by chance. This analysis provides

insights into the relative importance and development of different skills among engineers at

different stages of their careers.

Table 16 - Kruskal-Wallis H Test Significant
Test Statistics®P

Kruskal-  df Asymp.
Wallis H Sig.
Communication (talking to convey information effectively) 3.095 377
Active Listening (listening to what other people are saying and asking appropriate 1.398 .706
questions)
Writing (effective communication in writing) 3.178 3 .365
Read comprehension (understanding written sentences and paragraphs in work 8.549 3 .036
related documents)
Active learning (working with new information to grasp its implications) 4.215 .239
Critical Thinker (using logic and analysis to identify the strengths and weaknesses 372 3 .946
of different approaches)
Interpersonal skill - managing people 5.608 3 132
Interpersonal skill - delegation 1.943 3 .584
Interpersonal skill - being able to have tough conversations 10.012 3 .018
Interpersonal skill - public speaking 3.567 3 312
Interpersonal skill - empowering employees so that they can conduct their 2.655 3 448
responsibilities effectively
Interpersonal skill - honing employees abilities so that they can achieve their full 2.103 3 .551
potential
Interpersonal skill - consideration of emotions of staff which contributes to building 1.852 3 .604
trust
Leadership - Ability to influence others 8.362 3 .039
Leadership - Managing the way people perceive you 4915 3 .178
Leadership - Managing your own reputation .947 3 .814
Management of Financial resources 181 3 .981
Management of Material Resources (obtaining and seeing to the appropriate use 2.270 3 .518
of equipment, facilities, and materials needed to do certain work)
Business - Anticipate the business operating environment in the next 5 years 4174 3 .243
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Test Statistics?P

Business - Determine what goods and services customer desire, including the
price they are willing to pay

Business - Determining what constitutes customer value

Business - Determine business priorities

Business - a knowledge of contemporary issues (current events)

Project Management skills

Economics - Being able to understand economic operating environment
Economics - Being able to understand the functional drivers of the business
Marketing Skills (product, positioning, advertising promotions, etc.)

Business - Assume responsibility for the survival and growth of the business
Sales - How to sell engineering products, different sales techniques, buying
behaviour, etc.

Business - Set direction including establishing a strategy

Leadership - Make decisions ethically and understanding ethical responsibilities
Leadership - Communicate direction including a shared understanding of the
direction

Visioning (developing an image of how a system should work under ideal
conditions)

Systems perception (determining when important changes have occurred in a
system or are likely to occur)

System Evaluation (looking at many indicators of system performance, taking into
account their accuracy)

Identification of downstream consequences (determining the long-term outcomes
of a change in operations)

Identification of key causes (identifying the things that must be changed to achieve
a goal)

Problem Identification (identifying the nature of problems)

Solution Appraisal (observing and evaluating the outcomes of problem solution to
identify lessons learned or redirect efforts)

Technical Knowledge

Quality Management

Kruskal-
Wallis H
1.392

2.390
4.853
1.408
20.207
2419
5.392
941
2.973
3.587

5.463

3.944

4.102

2.905

2.396

1.236

1.791

3.503

2.795
5.355

1.098
2.210

df

W W W W wWw w w w w

w

Asymp.
Sig.
.707

496
.183
.704
.000
490
.145
.816
.396
.310

141

.268

251

.406

494

744

.617

.320

424
.148

778
.530

a. Kruskal Wallis Test

b. Grouping Variable: Years of experience as an Engineer
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6. Discussion

In this chapter, we will delve into the findings derived from the statistical analyses
conducted in the preceding chapter. Our primary objective is to interpret and elucidate the
implications of these results, shedding light on their significance within the research questions or
hypothesis context.

6.1 Research Question One - Overall sample discussion

The mean analysis of the attitude towards skills and competencies for an engineering leader
within the complete sample set of engineers constitutes a fundamental aspect of this thesis, serving
as a pivotal lens to understand this specialised cohort's proficiency levels and capabilities. This
analysis provides essential insights into the overarching skill landscape of engineers and lays the
groundwork for deeper exploration and interpretation within the context of the thesis's research
objectives.

6.1.1 Ten highest ranked skills and competencies

As seen in Table 17 below and in, based on the leadership attributes for effective leaders
by Farr et al. (1997), there is a similarity between the theoretical attributes and the calculated
means of the sample set. Engineering leaders must possess strong communication skills like their
counterparts in other fields to effectively convey information and comprehend work-related
communications. Additionally, they must demonstrate proficiency in critical thinking, enabling them
to grasp the organisational strategy and discern strengths and weaknesses. Given the ethical
considerations inherent in their field, ethical decision-making is imperative for engineering leaders.
Furthermore, they must exhibit adaptability to master change, recognizing requisite adjustments to
achieve organisational goals amidst a dynamic technological landscape. Engineering leaders serve

as team builders and empower employees to fulfil their potential, fostering a collaborative and
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conducive work environment. Moreover, they must adeptly identify and solve problems using
critical thinking, a skill indispensable for navigating the complexities of engineering projects.

Table 17 - Ten highest ranked skills and competencies from the complete sample set.

Report

Std.
Variables Mean N Deviation
Communication (talking to convey information effectively) 4.67 85 497
Critical Thinker (using logic and analysis to identify the strengths and weaknesses  4.61 85 .558
of different approaches)
Active Listening (listening to what other people are saying and asking appropriate 458 85 .564
questions)
Problem Identification (identifying the nature of problems) 445 85 .608
Leadership - Make decisions ethically and understanding ethical responsibilities 4.44 85 .663
Read comprehension (understanding written sentences and paragraphs in work 435 85 719
related documents)
Active learning (working with new information to grasp its implications) 433 85 .679
Identification of key causes (identifying the things that must be changed to achieve 4.31 85 .557
a goal)
Leadership - Communicate direction including a shared understanding of the 427 85 .605
direction
Interpersonal skill - empowering employees so that they can conduct their 4.26 85 .726

responsibilities effectively

Engineering leaders play a multi-faceted role, requiring strong communication skills,
proficiency in critical thinking, ethical decision-making, adaptability, and problem-solving abilities.
Their capacity to empower teams, navigate change, and uphold ethical standards is integral to
driving organisational success in today's dynamic technological landscape.

6.1.2 Ten lowest ranked skills and competencies

Table 18 below shows the worst skills and competencies based on means. Engineering
leaders often prioritise technical expertise over essential skills such as marketing, public speaking,
and sales, perceiving them as secondary to their primary role. This lack of emphasis stems from a
limited understanding and experience in promoting engineering solutions, leading to the

underestimated importance of project success. Similarly, their focus on technical communication
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within their specialized domain often relegates public speaking to a peripheral skill, hindering
effective communication in diverse forums. Additionally, engineering leaders may overlook the
significance of sales skills due to perceived incompatibility with their technical role. Moreover, they
may underestimate the impact of perception on their leadership effectiveness, neglecting to
manage their professional image and failing to recognize how others perceive them, potentially
undermining their credibility and influence within the organisation.

Furthermore, their preoccupation with technical specifications may cause them to overlook
customer preferences and needs, resulting in engineering solutions that lack market resonance and
competitiveness. Additionally, their insulation from business considerations may lead to an
assumption that technical excellence alone guarantees project success, overlooking broader
strategic imperatives crucial for organisational growth and sustainability. Finally, prioritising
technical proficiency over interpersonal skills may result in neglecting the emotional dynamics of
team interactions, leading to strained relationships, low morale, and reduced productivity among
team members, ultimately undermining project performance and team cohesion.

Table 18 - Ten lowest ranked skills and competencies of the complete sample set.

Report
Std.

Variables Mean N  Deviation
Marketing Skills (product, positioning, advertising promotions, etc.) 3.04 85 .969
Interpersonal skill - public speaking 3.32 85 .848
Sales - How to sell engineering products, different sales techniques, buying 3.35 85 .948
behaviour, etc.

Leadership - Managing the way people perceive you 3.39 85 1.001
Business - a knowledge of contemporary issues (current events) 3.60 85 .889
Leadership - Managing your own reputation 3.64 85 .937
Economics - Being able to understand economic operating environment 3.82 85 .819
Business - Determine what goods and services customer desire, including the price 3.89 85 913

they are willing to pay

Business - Assume responsibility for the survival and growth of the business 3.92 85 .889
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Report
Std.
Variables Mean N  Deviation
Interpersonal skill - consideration of emotions of staff which contributes to building  3.94 85 .761

trust

Engineering leaders often rank these ten skills and competencies lower due to a
combination of factors, including a prevailing focus on technical expertise, a lack of awareness of
their importance, and a perception that they are secondary to core engineering responsibilities.
However, recognising the significance of these skills and actively developing them can enhance
leadership effectiveness and contribute to overall organisational success.

6.2 Research Question Two - Engineers experience sub-group discussion.
6.2.1 Ten highest and lowest ranked skills and competencies in engineer's experience sub-
group

Table 19 below shows the ten highest ranked skills and competencies for an engineering
leader from the perception of junior engineers based on the mean ranking of the results collected.
Foremost, the most critical skill is communicating and conveying information effectively. Project
management is followed second, representing the ability to strategize, organise and execute
complex engineering initiatives while adhering to timelines and budgets.

Critical thinking holds a revered status among junior engineers, necessitating the ability to
analyse problems, devise innovative solutions, and adapt to the evolving challenges of the field.
Nevertheless, in addition to these responsibilities, engineering leaders are tasked with guiding
junior engineers as they acquire technical skills and experience at the start of their careers. This
underscores the ongoing need for critical thinking among leaders, as they must navigate complex
situations, mentor junior colleagues, and make informed decisions that align with organisational
goals and values. Thus, critical thinking remains a fundamental competency for engineering leaders,

enabling them to effectively lead teams and cultivate the next generation of engineering talent.
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Engineering leaders must have ethical integrity, underpin principled decision-making, and
ensure that engineering solutions are sustainable and virtuous. Lastly, active listening is ranked fifth
important, enabling engineering leaders to empathise with team members, comprehend diverse
perspectives, and cultivate an inclusive work environment conducive to innovation and growth.

Table 19 - Mean table for junior-level engineers' perception of the ten highest ranked skills and
competencies

Years of experience as an Engineer

Junior Level (0 - 3 years)

Std.

Mean N Deviation

Communication (talking to convey information effectively) 475 20 444
Project Management skills 475 20 .550
Critical Thinker (using logic and analysis to identify the strengths and weaknesses  4.60 20 .503
of different approaches)

Leadership - Make decisions ethically and understanding ethical responsibilities 460 20 .598
Active Listening (listening to what other people are saying and asking appropriate 4.45 20 .605
questions)

Problem Identification (identifying the nature of problems) 435 20 .587
Quality Management 425 20 .639
Identification of key causes (identifying the things that must be changed to achieve 4.20 20 .523
a goal)

Interpersonal skill - empowering employees so that they can conduct their 420 20 .768

responsibilities effectively

Visioning (developing an image of how a system should work under ideal 420 20 .834

conditions)

Table 20 below shows the ten highest ranked skills and competencies for an engineering
leader from the perception of intermediate engineers based on the mean ranking of the results
collected. The data collected from intermediate engineers reaffirms the significance of
communication. In conjunction with proficient communication skills, engineering leaders must
possess strong reading comprehension abilities to understand and interpret documents created by
engineers. These documents often include technical specifications, design plans, reports, and

research findings crucial for project development and implementation. A leader's capacity to
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comprehend these materials ensures an accurate understanding of project requirements, enabling
effective communication with team members, stakeholders, and clients. Additionally, adept reading
comprehension allows leaders to identify potential issues, evaluate proposed solutions, and provide
informed guidance to their teams.

From the perspective of intermediate engineers, the skill of problem identification stands
out as a critical competency for engineering leaders. Intermediate engineers recognise that leaders
must be able to pinpoint challenges effectively to ensure project success and team efficiency. This
skill involves identifying technical issues and understanding the broader context in which problems
arise, such as organisational dynamics, resource constraints, and stakeholder expectations.

From the perspective of intermediate engineers, the skill of project management is highly
regarded as a fundamental competency for engineering leaders. Intermediate engineers recognise
the pivotal role of effective project management in ensuring the successful execution of engineering
initiatives. They value leaders who can plan, organise, and oversee projects from conception to
completion while adhering to timelines, budgets, and quality standards. Intermediate engineers
appreciate leaders who can allocate resources efficiently, mitigate risks proactively, and adapt to
changing circumstances to keep projects on track. For intermediate engineers, being ethical is noted
as similar to junior engineers. Engineering leaders must have ethical integrity, underpin principled
decision-making, and ensure that engineering solutions are sustainable and virtuous.

Table 20 - Mean table for intermediate-level engineer's perception of the ten highest ranked skills
and competencies

Years of experience as an Engineer

Intermediate Level (4 - 6 years)

Std.

Mean N Deviation

(o]

.354
.354

Communication (talking to convey information effectively) 4.88

o

Read comprehension (understanding written sentences and paragraphs in work 4.88

related documents)

Problem Identification (identifying the nature of problems) 475 8 463
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Project Management skills 463 8 .518
Leadership - Make decisions ethically and understanding ethical responsibilities 463 8 .518
Active Listening (listening to what other people are saying and asking appropriate 463 8 .518
guestions)

Identification of key causes (identifying the things that must be changed to achieve a 4.63 8 .518
goal)

Solution Appraisal (observing and evaluating the outcomes of problem solution to 463 8 .518
identify lessons learned or redirect efforts)

Critical Thinker (using logic and analysis to identify the strengths and weaknesses of 4.62 8 .518
different approaches)

Visioning (developing an image of how a system should work under ideal conditions) 4.62 8 .518

Table 21 below shows the ten highest ranked skills and competencies for an engineering
leader from the perception of senior engineers based on the mean ranking of the results collected.
Again, communication is ranked highest among senior engineers. This finding underscores the
critical role of effective communication in conveying information, aligning team members' efforts,
and fostering a collaborative work environment conducive to innovation and success. Beyond
simply relaying messages, effective communication empowers engineering leaders to articulate
visions, clarify goals, and inspire their teams toward shared objectives. It also facilitates the
exchange of ideas, enabling diverse perspectives to be considered and integrated into problem-
solving processes.

From the perspective of senior engineers, the skill of active listening holds significant
importance for engineering leaders. Senior engineers understand that effective leadership requires
more than just giving instructions or making decisions; it involves truly understanding team
members' and stakeholders' needs, concerns, and perspectives. Active listening allows leaders to
engage with others meaningfully, demonstrating respect, empathy, and openness to diverse

viewpoints.
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Table 21 - Mean table for senior-level engineers' perceptions of the ten highest rank skills and
competencies

Years of experience as an Engineer

Senior Level (>7 years)

Std.

Mean N Deviation

Communication (talking to convey information effectively) 468 25 A76
Active Listening (listening to what other people are saying and asking appropriate 460 25 577
guestions)

Critical Thinker (using logic and analysis to identify the strengths and weaknesses  4.56 25 .651

of different approaches)

Read comprehension (understanding written sentences and paragraphs in work 452 25 .586
related documents)

Leadership - Make decisions ethically and understanding ethical responsibilities 4.48 25 .586
Interpersonal skill - empowering employees so that they can conduct their 444 25 712

responsibilities effectively

Interpersonal skill - managing people 4.44 25 .583
Leadership - Communicate direction including a shared understanding of the 444 25 .583
direction

Interpersonal skill - being able to have tough conversations 4.44 25 .507
Problem Identification (identifying the nature of problems) 444 25 712

Table 22 below shows the ten highest ranked skills and competencies for an engineering
leader from the engineering manager/leaders based on the mean ranking of the results collected.
The highest-ranked skill was critical thinking, an essential skill as an engineering leader as they
typically need to solve issues in an organisation with current resources. Active listening is essential
for engineering leaders as they need to engage with their teams, understand their perspectives, and
foster a collaborative and inclusive work environment. Active listening also enables us to build
strong relationships, inspire trust and drive success. Again, as seen with the juniors, intermediates,
and seniors, communication is ranked highly, showing the importance of communication for
engineering leaders.

Active learning is a skill that does not appear among the highly-ranked skills from the

perspective of junior, intermediate or senior engineers. Active learning is a crucial skill for
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engineering leaders as it enables them to stay current with industry advancements, expand their
knowledge base and adapt to evolving technologies and practices. Active learning demonstrates a
commitment to personal and professional growth, continuously seeking opportunities to enhance
their skills, expertise and leadership capabilities. This fosters a culture of innovation and continuous
improvement within organisations.

Finally, problem identification is essential for engineering leaders as it allows them to
anticipate, recognise and address challenges with their teams and projects. Engineering leaders who
excel in problem identification possess a keen ability to analyse complex situations, identify
underlying issues, and prioritize areas for improvement.

Table 22 - Mean table for management/leader level engineer's ten best highest ranked skills and
competencies

Years of experience as an Engineer

Engineering Management/leader (>10 years)

Std.

Mean N Deviation

Critical Thinker (using logic and analysis to identify the strengths and weaknesses  4.66 32 .545
of different approaches)

Active Listening (listening to what other people are saying and asking appropriate 462 32 .554
questions)

Communication (talking to convey information effectively) 456 32 .564
Active learning (working with new information to grasp its implications) 447 32 671
Problem Identification (identifying the nature of problems) 4.44 32 .564
Interpersonal skill - being able to have tough conversations 4.38 32 707
Identification of key causes (identifying the things that must be changed to achieve 4.28 32 .634
a goal)

Leadership - Communicate direction including a shared understanding of the 428 32 .581
direction

Business - Set direction including establishing a strategy 428 32 .634

Leadership - Make decisions ethically and understanding ethical responsibilities 425 32 762
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6.3 Research Question Three — Ranking of Leadership Pillars
Table 23 shows the general mean ranking of the four leadership skills. These results provide
insights into how the mean ratings of various skills and competencies change across different
experience levels as an engineer, specifically focusing on cognitive, interpersonal, business,
strategic, and other skills.
1. Cognitive Skills:

e The average mean ranking was higher than the other skill groups provided.

e The mean ratings for cognitive skills generally increase with experience, with the
highest mean rating observed in the intermediate level (4 - 6 years) category.

e The perception to cognitive skills for engineering leaders remains high through the
various career stages, showing that cognitive skills remain critical for an engineering
leader from any career stage.

2. Interpersonal Skills:

e Similar to cognitive skills, the mean ratings for interpersonal skills also increase with
experience, peaking in the senior level (> seven years) category.

e The increasing perception of the importance of interpersonal skills for engineering
leaders suggests the critical role these skills play as leaders advance in their careers.
Effective communication, collaboration, and interaction with others become
increasingly vital for engineering leaders as they navigate complex projects and
teams.

3. Business Skills:
e The mean ratings for business skills show some variation across experience levels

but generally remain consistent.
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e While there is a slight increase in mean ratings from junior to intermediate levels,
there is a slight decrease in the senior level before returning to a similar level in the
engineering management/leader category.

e This indicates that engineering leaders need to have a solid understanding of
business-related skills, such as resource management and operational analysis,
early in their careers, with fluctuations as they progress into leadership roles.

4. Strategic Skills:

e The mean ratings for strategic skills exhibit a similar pattern to cognitive and
interpersonal skills, increasing with experience and peaking in the intermediate and
senior levels.

e This indicates that engineers perceive strategic skills as crucial for engineering
leaders, underscoring the necessity for leaders to provide strategic direction and
vision to guide engineering teams effectively.

5. Other Skills:

e The mean ratings for other skills show some variability across experience levels,
with the highest mean rating observed in the junior-level category.

e This category likely encompasses additional skills not specifically categorized under
cognitive, interpersonal, business, or strategic skills, and the variability may reflect
the diverse nature of skills developed by engineers at different career stages.

Table 23 - Mean Ranking of Leadership Skill Pillars across engineer’s experience

Report
Mean
Years of experience as an Engineer
. Intermediate . Engineering
Jumgr :2\::; © Level (46 Se”'orej‘;’)e' 7 Management/leader
y years) y (>10 years)
Cognitive Skills Mean 4.36 4.65 4.49 4.43

Interpersonal Skills Mean 3.75 4.00 412 3.90



Report
Mean
Years of experience as an Engineer
. Intermediate . Engineering
Junlgr I;;‘::)I ©- Level (4-6 Senlorelé?;/)el >7 Management/leader
Y years) y (>10 years)
Business Skills Mean 3.99 4.10 3.88 3.98
Strategic Skills Mean 3.98 4.25 4.04 4.06
Other Skills Mean 4.15 4.06 3.90 4.09

6.4 Kruskal-Wallis H test discussion

The Kruskal-Wallis test results as seen in Table 24 below, reveal significant differences in
perception the mean rating of skills and competencies for engineering leaders among groups based
on years of experience as an engineer for several vital skills: project management, interpersonal
skills (specifically, the ability to have tough conversations), reading comprehension, and leadership
ability to influence others.

Project Management Skills: The significant p-value of .000 indicates statistically meaningful
differences in project management skills for engineering leaders from the perception engineers to
engineering leaders. This suggests that the experience level influences an engineer's perception to
project management skills.

Interpersonal Skills - Having Tough Conversations: The p-value of .018 indicates significant
differences engineering leaders have in the ability to have tough conversations across different
experience levels. Engineers with varying years of experience may exhibit different proficiency
levels in handling challenging interpersonal situations.

Reading Comprehension: The p-value of .036 suggests significant differences for
engineering leaders for the perception of reading comprehension skills among engineers with
different experience levels. This implies that the ability to understand written documents related to

work varies across experience levels.
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Leadership - Ability to Influence Others: With a p-value of .039, there are statistically

significant differences in leadership skills, particularly the ability to influence others, based on years

of experience. This indicates that engineers' effectiveness in leadership roles may be influenced by

their experience level.

Table 24 - Kruskal-Wallis H Test results - significant values only

Test StatisticsaP

Kruskal-Wallis Asymp.
H df Sig.
Project Management skills 20.207 3 .000
Interpersonal skill - being able to have tough conversations 10.012 3 .018
Read comprehension (understanding written sentences and paragraphs in 8.549 3 .036

work related documents)

Leadership - Ability to influence others

8.362 3 .039

a) Kruskal Wallis Test

b) Grouping Variable: Years of experience as an Engineer

50

48

46

Mean

44

42

Variables
= Communication (talking to convey

information effectively
Active Listening (listening to what other
people are saying and asking
appropriate guestions)
Wiriting (effective communication in
wiriting)
Read comprehension (understanding
written sentences and paragraphs in
work related documents)
Active learning (working with new
information to grasp its implications)
Critical Thinker (using logic and
analysis to identify the strengths and
weaknesses of different approaches)

40

Years of experience as  Years of experience as  Years of experience as  Years of experience as
an Engineer Engineerin
Managementleacdsr (=

an Engineer Senior

an Engineer Junior Level an Engineer Intermediate
Level (=7 years)

0 -3 years) Level (4 - & years)
YEArs)

Years of experience as an Engineer

Figure 3 - Mean vs Engineer's Experience for Cognitive Skills
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45

40

Mean

35

3an

Variables
-+ Interpersonal skill - managing people
'E'Irderpersonal skill - delegation
Interpersonal skill - being able to have tough
conversations
- Interpersonal skil - public speaking
Interpersonal skill - empowering employees so
that they can conduct their responsibilties
effectively
= Interpersonal skill - honing employees abilties
so that they can achieve their full potential
= Interpersonal skill - consideration of emations
— of staff which contributes to building trust
= Leadership - Ability to influence others

Leadership - Managing the way people
perceive you

‘E’Leadership - Managing your own reputation

o

“fears of experience as an Years of experience as an “ears of experience as an ‘fears of experience as an

Enginger Junior Level (0-3  Engineer Intermediate Level (4 Engineer Senior Level (=7 Engineer Engineering
years) - B years) years) Managemenrtleader (=10
years)

Years of experience as an Engineer

Figure 4 - Mean vs Engineer's Experience for Interpersonal Skills
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45
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Managemert of Material Resources (obtaining
= and seeing to the appropriate use of
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do certain work)
=S Business - Anticipate the business operating
environment in the next 5 years
Business - Determine what goods and
services customer desire, including the price
they are wiling to pay
Business - Determining what constitutes
customer valug
\ = Business - Determing business priorities
Business - a knowledge of contemporary
N\ =2 issues (current events)
Project Management skils
Economics - Being able to understand
economic operating environment

= Economics - Being able to understand the
functional drivers of the husiness

Years of experience as an Years of experience as an Years of experience as an “ears of experience as an
Engineer Junior Level (0-3  Engineer Intermediate Level (4 Engineer Senior Level (=7 Engineer Engineering
YEars) - B years Managementleader (=10
years)

Years of experience as an Engineer

Figure 5 - Mean vs Engineer's Experience for Business Skills
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_E_Elusiness - Assume responsibilty for the
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Sales - How to sell engineering products,
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_E_Business - Set direction including establishing a
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Leadership - Make decisions ethically and
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shared understanding of the direction
- Visioning (cdeveloping an image of how a
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Identification of key causes (identifying the
things that must be changed to achieve a goal)
Problem ldentification (identifying the nature of
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Solution Appraisal (ohserving and evaluating
the outcomes of problem solution to identify
lessons learned or redirect efforts)

Years of experience as an
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Engineer Engineering
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Figure 6 - Mean vs Engineer's Experience for Strategic Skills
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Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7 show the average mean rating of each skill
and competency in their respective category against the years of experience as an engineer. Most
skills are rated equally from a junior engineer to an engineering leader, except for reading
comprehension, having tough conversations, project management skills, and the ability to influence
others. This shows the significant difference in perception of these skills over the experience range.
Accumulated Experience and Skill Development: Engineers typically gain practical experience and
develop their skill sets as they progress. More experienced engineers may have encountered a
broader range of project management scenarios, challenging interpersonal situations, and
leadership opportunities, allowing them to refine their skills over time.

Exposure to Diverse Situations: Engineers with different experience levels may have been
exposed to varying complexity and diversity in their work environments. This exposure can
significantly impact their ability to manage projects, engage in challenging conversations,
comprehend written materials, and influence others effectively.

Learning and Adaptation: With increasing experience, engineers learn from past
experiences, adapt to new challenges, and refine their approaches to project management,
interpersonal interactions, reading comprehension, and leadership. This continual learning process
contributes to the observed differences in skill proficiency across experience levels.

Mentorship and Guidance: Junior engineers may have limited exposure to mentorship and
guidance compared to more experienced engineers who have benefitted from years of working
alongside seasoned professionals. Mentorship can be crucial in developing essential skills such as
project management, interpersonal communication, reading comprehension, and leadership.

Responsibility and Decision-Making Authority: Engineers at different experience levels may
have varying levels of responsibility and decision-making authority within their roles. More

experienced engineers often hold leadership positions where they are required to exert influence,
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make critical decisions, manage complex projects, and engage in challenging conversations, leading
to differences in skill proficiency compared to junior engineers.

These findings suggest that discussions surrounding skill development, training, and
mentorship programs within engineering teams should consider the varying skill levels associated
with different experience levels. Strategies for enhancing project management, interpersonal skills,
reading comprehension, and leadership abilities may need to be tailored to address the specific
needs of engineers at different stages of their careers. Additionally, these results may prompt
further exploration into the factors contributing to skill disparities among engineers with varying
experience levels and inform efforts to promote professional growth and development within the

engineering field.
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7. Conclusions and Recommendations

In this comprehensive exploration of leadership skills and competencies within the
engineering domain, this analysis has provided invaluable insights into the multifaceted nature of
effective leadership across different experience levels. By delving into the perceptions of engineers
at various career stages and conducting statistical analyses, this study has illuminated critical areas
of strength and areas for improvement in leadership development.

7.1 Conclusion to Research Question One

The analysis of skills and competencies among engineers provides valuable insights into the
strengths and areas for development within the engineering leadership landscape. By examining
the highest and lowest-ranked skills, we gain a comprehensive understanding of the multifaceted
role of engineering leaders and the challenges they face in today's dynamic work environment.

At the forefront of effective leadership in engineering is the importance of strong
communication skills, critical thinking, ethical decision-making, adaptability, and problem-solving
abilities. These foundational skills enable leaders to navigate complex projects, empower teams,
and uphold ethical standards, all essential for driving organisational success in the rapidly evolving
technological landscape.

However, our analysis also highlights areas where engineering leaders may fall short,
particularly in skills such as marketing, public speaking, sales, and interpersonal dynamics. Often,
these skills are undervalued or overlooked in favour of technical expertise, leading to missed
opportunities for effective leadership and organisational growth.

To address these gaps, engineering leaders must recognize the significance of these
overlooked skills and actively seek development opportunities. By prioritising professional growth
in marketing, public speaking, and sales, leaders can enhance their effectiveness, improve team

dynamics, and drive innovation within their organisations.
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Furthermore, organisations must support leadership development initiatives that focus on
technical and soft skills, fostering a culture of continuous learning and professional growth. By
investing in developing well-rounded engineering leaders, organisations can position themselves
for long-term success in an increasingly competitive and complex business landscape.

In conclusion, the analysis of skills and competencies among engineers underscores the
importance of a balanced skill set and continuous development for effective leadership in the
engineering domain. By addressing areas of weakness and building upon strengths, engineering
leaders can better navigate challenges, inspire innovation, and drive organisational success in
today's fast-paced and ever-changing world.

7.2 Conclusion to Research Question Two

Exploring skills and competencies from the perspectives of engineers at different
experience levels provides valuable insights into the evolving demands and priorities within the
engineering leadership landscape. By examining the perceptions of junior, intermediate, senior-
engineers and engineering managers/leaders, we gain a nuanced understanding of the skills
deemed most critical for effective leadership in the field of engineering.

Across all experience levels, effective communication emerges as a consistent top-ranking
skill for engineering leaders. This underscores the importance of clear and concise communication
in conveying information, aligning team efforts, and fostering collaboration. Additionally, active
listening is highlighted as essential, enabling leaders to engage with their teams, understand diverse
perspectives, and cultivate inclusive work environments conducive to innovation and success.

Furthermore, critical thinking is universally recognized as a fundamental competency for
engineering leaders. This skill empowers leaders to analyse complex problems, devise innovative

solutions, and navigate evolving challenges effectively. From problem identification to project
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management, engineering leaders must demonstrate critical thinking abilities to guide their teams
and organisations toward success.

While specific skills, such as active learning, may not be highly ranked among engineers at
all experience levels, they emerge as crucial for engineering managers and leaders. Active learning
enables leaders to stay abreast of industry advancements, expand their knowledge base, and adapt
to evolving technologies and practices, fostering a culture of innovation and continuous
improvement within organisations.

In conclusion, the varying perspectives on skills and competencies underscore the dynamic
nature of engineering leadership and the need for leaders to develop and adapt their skill sets
continuously. By prioritizing effective communication, active listening, critical thinking, and a
commitment to ongoing learning, engineering leaders can navigate challenges, inspire innovation,
and drive organisational success in today's rapidly evolving engineering landscape.

7.3 Conclusion to Research Question Three

Analysing leadership skill pillars across different experience levels among engineers’
perceptions offers valuable insights into the evolving skill development trajectory. By examining
cognitive, interpersonal, business, strategic, and other skills, we understand how engineers'
competencies evolve as they progress in their careers.

1. Cognitive Skills:

The data reveals a consistent trend of increasing mean ratings for cognitive skills with
experience, peaking at the intermediate level (4 - 6 years) before slightly tapering off at the senior
level (> seven years). This trend underscores the progressive development of vital cognitive abilities
such as critical thinking, problem-solving, and decision-making as engineers gain more experience.
It suggests that engineers become more adept at analysing complex issues and devising practical

solutions over time.
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2. Interpersonal Skills:

Similar to cognitive skills, interpersonal skills also exhibit an upward trend in mean ratings
with experience, reaching their peak at the senior level (> seven years). This indicates that engineers
tend to enhance their ability to communicate, collaborate, and interact effectively with others as
they advance in their careers. It underscores the importance of strong interpersonal skills in
fostering productive relationships and teamwork within engineering environments.

3. Business Skills:

While the mean ratings for business skills show some variation across experience levels,
they generally remain consistent, with slight fluctuations observed. This suggests that engineers
may develop a solid understanding of business-related skills early in their careers, with fluctuations
occurring as they progress into more senior roles. It underscores the importance of engineers
acquiring skills in resource management, operational analysis, and strategic planning to
complement their technical expertise.

4. Strategic Skills:

The data indicates a consistent increase in mean ratings for strategic skills with
experience, peaking at the intermediate and senior levels. This reflects engineers' growing
proficiency in strategic thinking, including visioning and system evaluation, as they gain more
experience and assume leadership positions. It underscores the significance of strategic acumen in
guiding organisational decision-making and driving long-term success.

5. Other Skills:

The variability in mean ratings for other skills across experience levels reflects the diverse
nature of skills developed by engineers at different career stages. While the highest mean rating is

observed in the junior-level category, indicating early skill acquisition, there is some fluctuation in
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subsequent levels. This suggests that engineers continue to refine and expand their skill sets beyond
the core pillars of cognitive, interpersonal, business, and strategic skills, reflecting the dynamic
nature of the engineering profession.

In conclusion, the analysis underscores the positive trend of skill development and
enhancement across experience levels among engineers. It highlights the importance of continuous
learning, professional growth, and skill diversification in meeting the evolving demands of the
engineering profession and driving innovation and success in today's complex technological
landscape.

7.4 Conclusion to Research Question Four

In conclusion, the findings from the Kruskal-Wallis H test emphasize the importance of
considering experience levels when designing skill development, training, and mentorship programs
within engineering teams. Organisations can better support their engineering talent's professional
growth and development by acknowledging and addressing the varying skill levels associated with
different experience levels. Moreover, further exploration into the underlying factors contributing
to skill variations among engineers with differing experience levels can guide efforts to foster a
culture of continuous learning and advancement within the engineering profession.

The findings underscore the critical importance of a diverse skill set for engineering leaders,
encompassing cognitive, interpersonal, business, strategic, and other essential skills.
Communication is a cornerstone skill for conveying information effectively, articulating visions, and
fostering collaboration among team members. Critical thinking, ethical decision-making, and
problem-solving abilities are highlighted as indispensable traits for navigating the complexities of
engineering projects and organisational dynamics.

Furthermore, our analysis reveals significant differences in skill perceptions across different

experience levels, emphasising the need for tailored approaches to skill development and training.
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While junior engineers prioritise foundational skills such as communication and project
management, senior leaders emphasise active listening and strategic thinking.

Engineering organisations must prioritise cultivating these skills through tailored
development programs, mentorship initiatives, and a culture of continuous learning. By promoting
soft skills alongside technical expertise and fostering cross-functional collaboration, organisations
can nurture a pipeline of skilled leaders capable of driving innovation, fostering collaboration, and
achieving sustainable success in today's dynamic business environment.

However, it is essential to recognise that leadership development is an ongoing journey
requiring commitment, investment, and adaptability. As the engineering landscape evolves, leaders
must remain agile, open to new perspectives, and dedicated to personal and professional growth.

In conclusion, this study provides a roadmap for enhancing leadership effectiveness within
the engineering domain, empowering individuals to navigate challenges, inspire innovation, and
drive organisational growth. Engineering organisations can thrive in an ever-changing world by
embracing the principles of effective leadership and fostering a culture of continuous improvement.

7.5 Recommendations:

Tailored Skill Development Programs: Engineering organisations should design and
implement tailored skill development programs that address the specific needs of engineers at
different experience levels. These programs should enhance communication, critical thinking,
project management, and interpersonal skills to empower engineers to thrive in leadership roles.

Mentorship and Coaching: Establishing mentorship and coaching programs can facilitate
knowledge transfer and skill development among engineers. Experienced engineering leaders can
mentor junior colleagues, providing guidance, support, and opportunities for professional growth.

Continuous Learning: Encouraging a culture of continuous learning and professional

development is essential for engineering organisations. Engineers should be encouraged to pursue
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further education, attend workshops and seminars, and engage in self-directed learning to stay
abreast of industry advancements and emerging technologies.

Promotion of Soft Skills: Engineering organisations should prioritize promoting soft skills
such as public speaking, sales, and interpersonal communication alongside technical expertise.
Recognising the importance of these skills in driving project success and team cohesion can help
cultivate well-rounded engineering leaders.

Cross-Functional Collaboration: Facilitating cross-functional collaboration between
engineering teams and other departments, such as marketing, sales, and business development,
can broaden engineers' perspectives and enhance their understanding of the broader
organisational context. This collaboration can foster innovation and drive business growth.

In conclusion, by addressing the identified skill gaps and promoting a culture of continuous
learning and collaboration, engineering organisations can cultivate a diverse pipeline of skilled
leaders capable of navigating the complexities of today's dynamic technological landscape and
driving sustainable organisational success.

Future research could explore the significant differences in the four skills and competencies
that changed over the years of experience as an engineer. What are the initiating factors for
engineers transitioning from technical positions to general management? Explore how cultural
factors influence the perception and development of leadership skills among engineers in different
regions or countries. Cross-cultural studies can provide valuable insights into the universality of
specific leadership skills and the cultural nuances that shape leadership practices and behaviours
within engineering organisations. Explore the role of gender and diversity in engineering leadership,
including the representation of women and underrepresented groups in leadership positions, the
impact of diversity on team performance and innovation, and strategies for promoting inclusivity

and equity within engineering organisations.
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1. Definition of Problem and Purpose

1.1. Research Problem

Engineers are professionals who are problem-zolvers who use their knowledge of
science, technology, engineering and mathematics (STEM) to design, build and test
equipment, structures and systems. Engineers work to meet the functional requirements
of their respective projects while considering practicality, regulation, safety and cost
limitations.

Schell et al. (2022) recognize enginesrs in varous fields require the need to develop into
more than technical experts but also technical leaders. Technical leaders will be
essential for driving innovation and helping organisations stay ahead of the competition.

Raotimann et al. (2015) show that engineers are reluctant to be engineering leadears.
Hirudayaraj et al. (2021) define soft skills are not skills or competencies, but rather
amalgamations of interpersonal skills and personal attnbutes that complement technical
skillzs traditionally required for engineering success. These soft skills are not a fixed list
of skillz and competencies, they range from social skills, personal traitzs and even self-
management skills. Hirudayaraj et al. (2021) alzo noted that the soft skills required for
engineering leaders are not the same as soft skills for regular technical engineers at

vanous stages of their respective careers.

Schuhmann (2010} considers the study of leadership to be a well-defined and mature
field of study but engineering leadership iz still an imprecise field of study. In the field of
engineering leadership education, Didiano et al. (2022) provide educational approaches
used to develop engineering students’ leadership development. This research compares
these =killz elaborated and analyses the perception of engineers (graduate level to senior
level) of the importance of these skills and competencies for engineenng. Then
examining the perception of engineering leaders regarding the same skills and
competencies.

1.2. Research Purpose

The purpose of this research is to provide ingight into the skill and competencies required
for engineering leaders from the perspective of the followers. The main cbjective is to
identify the key skillz and competencies and determine the rankings of the most

important from the perceptions of vanous level engineers.
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The purpose of this research could have positive implications for the development of
engineering leaders which could lead to the overall success of engineering teams and
organisations. Finally, alzo develop strategies to namow the gap between the perceplion
of engineers and engineenng leaders for skills and competencies for engineering leader
positions.

1.3. Research Questions

21: What =kills and competencies should an engineering leader have from the

perception of engineerning followers?

From =soft skills, technical skills and business competencies, proficiency in different skills
will be compared from the perception of an engineer. This will be completed in by
conducting research looking for keywords; such as leadership, engineering leader,

technical leaders, leadership skills and engineering management.

22: To determine the ranking of various skills and competencies for engineering

leaders from the perception of various levels of engineers

The research guestion aims to rank the skils and competencies essential for a
successful engineering leader. To achieve this, data collection will be conducted through
a survey. The survey will seek to gather perceplions and opinions from participants,
allowing them to rank the idenfified skills and competencies based on their perceived

importance in an engineering leadership role.

23 Determine poszible relationships between the perceptions of varous level

engineers and engineenng leaders can be discovered?

Through statizfical analysis of the data collected from guestionnaires, this research aims
to explore the relationship between engineers' perceptions and the expenence of
engineering leaders. By examining how engineers rank the identified =kills and
competencies for successful leadership, the study seeks to bridge the gap and provide

wvaluable insights to support engineers transitioning into management positions.
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2. Literature Review

2.1. Introduction

The literature review aims to get an improved understanding of leadership and leadership
akillz.

22 Leadership

Leadership has been studied extensively over the years and has taken on much
greater importance as the world evolves. Leadership is defined as the ability of an
individual to influence and guide followers or members of an organisation, society or
team.

Farr et al. (1997) provide nine leadership attributes for effective leaders as found in
Figure 1 below.

R . I-' Y
S . |- Bk | Ethical And L~ “magtars |,

i
[
f i X '\.m E““'_“'_mﬁ us o Change II'|.
L o r nf'. e T
Ao /——L'L 3 P -
|II k\‘:;g' i I R
i Mimion That ¢ - \
! Rk Take (J {5 Decision
o g Matters d ]
! L i § Makar
4
; | HEihs
! 4 S . |
' Uses Powar L Team ]

D Wy T3 Bailder

Figure 1: Nine Leadership Afinbufes (Farr & Brazil, 2009)

Effective leaders must be big thinkers which iz a strateqgic point of being able to see the
bigger picture of the organisation and the main mission of the organisation. A leader
needs to have good ethics and be courageous as this will influence the followers and will
affect the actions of the followers. Leaders are required to be courageous which includes
enduring, remaining ethical and making comect decisions. Leaders need to be adaptive
and be able to master change in the ever-changing team, culiural and technology
environments. Leaders need to be risk-takers and have the courage to start new projects,
make important changes and be ethical. Leaders need to focus on the grand strategy or
main mission that matters for the organisation or department. Being committed to the
main mission can inspire and motivate followers, it is important that the leader
communicates this main mission effectively and get buy-in from followers. Leaders also
need to build the comect team to operate at full potential to achieve the main mission.



23 Leadership Skills

The ability to acquire and improve leadership skills is influenced by various factors, the
individual differences in cogniive capacities, personalities, temperaments, emotion
control, identities and values from cultural and personal experiences.

Guzman et al. (2020) omganised leadership skills into four groups: 1) cognitive skills,
which are skillz that are required to understand the behaviour of patterns, reguiring
creative thinking, decision making and problem-solving; 2) interpersonal skills, face-to-
face interactions, to bring about desired results; 3) business skills, the skills to operate
an organization, financially, personally and operationally; 4) strategic skills, which are
skillz to achieve organisations’ mission and vision.

Table 1 - Four Group of Leadership Skill (Guzman ef al., 2020)

Cognitive Skills Business Skills Interpersonal Skills | Strategic Skills
C51: Speaking BS1: Operations I51: Social 551: Visioning
C52: Active Listening analysis Perceptiveness 552: Systems
C53: Writing B52: Management of 152- Coordination perception
C54: Reading personnel resources 153: Megotiation 553: System
i B53: Management of 154: Persuasion Evaluation
G55 Active Leaming financial resources 554 ldentification of
IC56: Critical Thinking BS54 Management of downsiream
material resources CONSEQUENCES
555: ldentification of
key causes.
556: Problem
identification
S57: Solution appraisal

24 Engineering Leadership

Az engineers climb up the corporate ladder with every increasing responsibility,
leadership skills becomes a more essential skills than technical skillz. Chetty (2012)
shows in Figure 2 below that as an engineer moves with seniority, leadership skills are
important to success.
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Figure 2: Evoludion im skills of a successful engineer (Chetly, 2012)

Schell and Hughes (2022) and Rottmann et al. (2015) found three traits grounded in
professional engineers; 1) technical mastery —technical experts willing to mentor others;
2) collaborative optimisation — engineers with the ability to build high-performing teams;
3) organizational innovation — entrepreneurial thinkers who bring engineering solution to
market.

Engineering leadership is more complicated than other sectors, to be successful in
engineering leadership other additional skills are required, that additional skillz are
technology leadership and govemance. Engineenng leaders are employed to lead
technology-based companies that focus on a short-term product cycle of weeks instead
of years (Farr & Brazil, 2009).

Odusami (2002) listed ten essential skills for project managers;

1) Team Building Skillzs — the ability to use everyone's strength from wvarious
dizciplines in an effective team.

2) Leaderzhip Skills — the ability to lead a team and integrate individuals’ strengths
and weaknesses and lead individuals that will affect performance.

3) Confiict Resolution Skills — the ability to navigate conflicts in a fair and respectful
man that will foster a positive work emnvironment.

4} Technical Skills — the ability to manage technological innovation and adopiion of
solutions.

5) Planning Skills — the ability to prepare the team for projects that require good
communication and information-pressing skills

6) OCrganisational Skills — the ability to understand the hierarchy of an organisation,
and the reporting relationships and control within technical depariments.



7) Enftreprensurial Skills — the ability to idenfify and chase objectives that will lead
to the success of the project or team, understanding the big picture.

8) Administrative Skills - Project managers need to have strong administrative skills
to effectively lead their teams and ensure that projects are completed on fime
and within budget. Some key administrative skille for project managers include
organizaticn, time management, communication, and problem-salving.

9) Management suppori-building skills — the ability to build sirong personal
relationships with =enior management or directors.

10} Resource Allocation Skills - This involves identifying the resources needed for a
project, such as personnel, equipment, and funds, and then allocating them most
efficiently and effectively possible.

3. Research Methodology and Design
3.1. Choice of Methodology

The planned method of research will be a single method, which will be quaniitative.
Which is the collection of categorical or numerical data. Categorical data is data that has
been prepared in a descriptive set or aranged in a particular order. Numerical data is
the measurnng of data using numbers.

3.1.1. Purpose of research design

‘With thie planned research of ranking skill requirements from the perception of various
level engineers, the purpose of the research design will be a descriptor-explanatory
design. The plan is to use descriptive data to explain relationships and bridge the gap in
skills and competencies for engineenng leaders.

3.1.2. Research Philosophy

Due to the quantitative nature of the research, the research philozophy will be positivism.
Positivism is knowledge acquired by using data and facts unaffected by emotion or
human interpretation (Saunders & Lewig, 2017). With this research, the idea is to take
an existing theory and develop hypotheses that will expand the theory with new causal
redationships from another theory.
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313 Research Approach

The deductive research approach is the assessing of hypotheses using collecting data
(Saunders & Lewis, 2017). This research is to find a causal relationship between the
skillz and competencies from the perceplion of various levels of engineers

314 Research Methodology Choice

Mono, firstly as recommended by the GIBS research guide and the time constraints for
the research. A mono methodological choice will be used which is a single data collection
and analysis, in this case, quantitative data collection and analysis will be completed.

315 Research Strategy

The sirategy to collect data for this research will be electronic surveys. The structured
survey employing an electronic guestionnaire will provide data and the data will be
analy=ed to determine if the hypothesizes are valid or not.

316 Research Time Honzon

A cross-sectional time horizon will be used as questionnaires will be asked at only cne
period during the research. The survey is a once-off or “snap-shot™. Paricipants of the
guestionnaires will only be asked once and the data will be analysed on the collective
results of the questionnaires.

32 Population

This study aims to target a diverse range of individuals currently employed in the
engineering field, incuding graduates, mid-level engineers, and executive-level
professionals across vanous indusinies and sectors. The research will focus on
engineerng leaders and engineers from different disciplines, such as mechanical,
chemical, and electronic engineerning, to facilitate communication and bridge the gap
between them. The objective is to gain a comprehenzive understanding of the skills and
competencies necessary for engineers to advance in their careers.

33 Unit of Analysis

Firstlty, doing an in-depth literature review searching for skills and competencies that are
required for leaders in other fields of operations compare those skills and competencies

91



required for an engineening leader as Oduzami (2002) and Farr and Brazil (2009). Then
from these various types of =kilzs and competencies adaptidevelop a standardised
guestionnaire that will be used to collect data from a respectively large number of
respondents via electronic surveying application. The final unit of analysis will be the
ranking of skills and competencies for engineering leaders from the perceptions of

vanous levels of engineers.
34 Sampling Method and Size

It iz crucial to ensure that the data collected for quantitative research is both accurate
and representative. To achieve this, careful consideration must be given to the sampling
method and size. For the questionnaire used in this research project, a minimum of 150
respondents s necessary. It iz also essential to ensure an equal distribution of
respondents across the different stages of engineering.

35 Measurement Instrument

The instrument used for the selected research will be done employing questionnaires.
Firstty, an infroduction explaining the research on ranking skills and competencies of
engineering leaders will be required. The collection of basic demographics (age, gender,
education level, job level and ethnicity) will be collected. To ensure that the comect
demographic surveyors are collected, a basic qualifying question will be asked to ensure
that engineers are the target population. Closed-ended questicns will be asked to rank
the various skills and competencies of engineering leaders using Likert scale questions.
These close-ended questions need to be unambiguous. A few open-ended questions or
areas will be provided to allow rezpondents to provide exira comments.

36. Data Gathering Process

Data collection will be done using questionnaires, where the population will be asked
same the closed-end guestions to build and collect data. The guestionnaires will be
based on adapted questions from resources gained for future literature study.
Hirudayaraj et al. (2021) conducted quantitative questionnaires on the rating of soft skills
required for entry-level engineers. This questiocnnaire will be modified to better suit
engineers of different career levels, with a focus on gathering their perceptions of the
skillz and competencies necessary to become an engineering leader. Additionally, the
same gquestionnaire will be utilized to gather data on the skills and competencies of
current engineering leaders. The guestionnaire will be developed on an electronic survey
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software for instance Google Form or SurveyMonkey, which allows the respondent to
complete the questionnaire at their comvenience and these applications assist with the
data collection and store the data to analyse at a later stage.

The gquestionnaire will have a list of closed-end questions, asking the respondents a few
category gquestions to determine if the respondent i= an engineering leader or an
engineer and also the field of engineering the respondent operates. The main body of
the questionnaire will be a rating style (Likert Scale) guestion to get the opinions of the
respondents regarding the skills and competencies required for an engineering leader.

The distribution of the guestionnaire will be done electronically, a HTML link to the
guestionnaire will first be distributed within social networks via various messaging
(WhatsApp and Telegram) and professional social media (Linkedin) applications.
Snowballing effect within these vanous groups to expand the reach of the gquestionnaire
to respondents’ various professional social networks in engineering.

3T Analysis Approach

The guesticnnaire will be designed to rank various skills and competencies of a
successful engineening leader from the perception of varous levels of engineers. The
varicus levels of engineers will form categorical data. The ranking of the varous skills
and competencies will create ordinal data (Saunders & Lewiz, 2017). To ensure
consistency and possible omissions of the guestionnaires, the final data will be subject
to edifing and cleaning process.

Determining the average ranking of the ordinal data of each skill and competency will be
the first step of the analysis thiz was followed by Odusami (2002). The categorical data
will be put through an allocation phase to allocate numerical data to the categorical data
to allow for easier analysis on IBM SPS5.

The data analysis will involve comparing the rankings of skills and competencies among
different levels of engineers. To accomplish this, a Kruskal-Wallis H Test will be
conducted. This nonparametric test allows us to assess whether there are statistically
significant differences between the rankings of skills and competencies for multiple
categorical groups (in this case, the varous levels of engineers) on a continuous or
ordinal dependent variable (the rankings of skills and competencies) (Chetty, 2012).
Kruskal-Wallis's test will determine if the means are significantly different in statistics.
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38 Quality Control

Gruality control is important when conducting quantitative research in the survey strateqy
methodology, to ensure the collected data is accurate, reliable and valid. A few quality
control points will ke in place; the design of the questionnaire needs to well design, with
clear and concise questions that the respondents will be able to understand, also the
guestionnaire needs o be free of bias or leading language to eliminate influence on the
resufts. Initial testing of the guestionnaire needs to be conducted with a group of
independent rezpondents to assist with any issues with the questionnaire design. The
comect sample and population should be approprate for the research and a sufficient
mumber of respondents should be collected to ensure the validity and reliability of the
data. Remove insufficient data that has been collected due to incomplete questionnaires.
Data analyzis will b2 done using cormect statistical methods from 1BM SPSS to ensure
that the results are valid and reliable. Data analysis should be done or reviewed by an
independent expert in statistical analysis. The interpretation of the results needs to be
done accurately and clearly without bias or incomect representation of data, with comect
figures and descriptions provided.

39 Limitations

For the purposed research, there are a few limitations conceming the selected research
methodology. Possible limited response rate; typically, engineers are nomally busy
individuals which could hinder the response rate to the gquestionnaires, therefore it is
important to ensure the questionnaire is clear and concise to ensure the guestionnaire
can be completed in a short period. With quantitative research, the depth of information
iz normially imited and often extra detailed information is required, to imit this an open-
end section in the gquestionnaire will be provided to allow engineers to give additional
feedback on the =skills and competencies required for engineering leaders.
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4. Project Plan

W Lt '}u\ [ Wi BT
aalal aa P P
T st e e Ml e FR -
P R R C B T eI e P P Y1 P T AN e [}
“haphar oo Farahioe iwslee 100 dawe Do E LA e T [
T et et il IR TR FEL T i
aphar - lmesacch Blwthor niegy Wide I FIOIT Whed DT [
TE Rl e e A b i —
4 gty tor Lih ol Sleararoe Fder The SLOH [
T e dvlectine Sk e et T—
zestlomalisl-p STy b edibe 2days Tz Z4A0EL L}
T tnmermined Maragears lacku Tdage [ICEToNE n
T inlul el bl [RERTeE 1
T Thapker 1o LRI EE
T mepten b sl el QENTR I
sber s = L konang llscormendations ledor Mond1Ulle TG
Fa Dl g and eakew Atk e EF L]
e lma Reswecn Kang 1 Udaws  IEWEAL oA 4 LavoE
MR e Ml - il RELD T S N DL
T MEAZIX CoroMotuks BlIckE LE duws The ZIA0LA Fon 2AGLCE
B3 Pera s - il R R e —
T MRS PO Doow Rkecubes - 18 thiwe =

95



5. References

Chetty, D. (2012). The transition of engineers from technical positions fo general
management University of Pretoria).

Didiano, T. J., Simpson, A. E., & Bayless, D. (2022). Pedagogical approaches for
facilitating engineering leadership development. New Directions for Student
Leadership, 2022{173), 43-51. hitps'doi.org/10.100: 20478

Famr, J. V., & Brazil, D. M. (2009). Leadership Skills Development for Engineers.
Engineering Management Jouwrnal, 271}, 3-8.
https-ifdoi.org/ 101080/ 10429247 200911431792

Famr, J. V., Walesh, 5. G, & Forsythe, G. B. (1997). Leadership development for
engineering managers. Jouwmal of Management in Engineering, 13(4), 38-41.

Guzman, V. E., Muschard, B., Gerolamo, M., Kohl, H., & Rozenfeld, H. (2020).
Characteristics and Skills of Leadership in the Context of Industry 4.0. Procedia
Manufaciuring, 4.3, 543-550.

Hirudayaraj, M., Baker, R., Baker, F., & Eastman, M. {2021). Soft Skills for Entry-Level
Engineers: What Employers Want Educafion Sciences, 711(10), 641
ttps:lidoi 10.3390/ed 111100641

Cdusami, K. T. (2002). Perceptions of construction professionals conceming important
skills of effective project leaders. Jownal of Management in Engineering, 18(2),
61-67.

Rottmann, C., Sacks, R., & Reeve, D. (2015). Engineering leadership: Grounding
leadership theory in engineers’ professional identities. Leadership, 11(3), 351-
373. hitpsfidolorgM 0 A1T7IT42715014543581

Saunders, M., & Lewis, P. (2017). Dwing research in business and management.
Pearson.

Schell, W., Hughes, B. E., Tallman, B., Kwapisz, M., Sybesma, T., Annand, E., Bozic,
C., Kotys-Schwartz, D. A, & Krejci, C. C. (2022). Understanding the Joint
Development of Engineering and Leadership Identities. Engineering
Management Journal, 34(3), 497-507.

Jidoi.org/10. 108010429247 20211952021

Schell, W. J_, & Hughes, B. E. (2022). Developing an engineerning leadership identity.
New  Directions for Student Leadership, 2022{173), 129-137.
Jidoi.org/10.1002/yd 20484

Schuhmann, R. J. (2010). Engineering leadership education—The search for definition
and a curricular approach. Journal of STEM education: Innovations and research,
11(3).

96



Proposal Report Page: 1 of 2

Gordon Instituie po PO -

ﬂMSﬁsﬂlﬂlﬂe Shudent Mame:  Albert Spear Course Mame:  Integraten Business Research Project (MBA INtensive) 2023.24

] apfir i Thw Mk =
Jiersis of Prelinre N 10005145 e

Rubric Criteria Final Feedback  Result: Pass Symbol:  C+ Final Mark: 8500 %

Criteria Result Feedback

Problem Formutation 14/20 Business and academic rational identified. The need for the research articulated but it is not cear how the

reseanch questions will contribute fo the gap in research. The problem matches research questions but it is not
clear how the vanious traits, skills of project manapers and the groups from Guzman et al (2020) will be
employed 10 in quantitative manner. [t feels like too many models are dumped together in order to identify a list
in @1 that will be ranked in Q2 and then utilized to point out a relationship. It is also not dear how this will bridge
the gap to support engineers to support the transition to management.

Theory base/Literature review 18730 The literature supports the research question but is wsed more descriptive than offering arguments. The
ewolution of skills in successful engineers proposed by Chetty needs to be integrated with the various fraits and
skills offered to better support O3. Literature a mix of dated and recent sources.

Methodobogy 1820 Methodology covered in the standard format in a descriptive manner with very litle referencing.

Referencing ano ‘Well referenced document with APA nules respected.

Literary style 7HO Well presented document. |

31 August 2023 15:01:53

Masters Research Proposal Report - Gordon Instihuie of Business Sclence

97



o 2
Gordon Instit 1t Proposal Report Page:
of Business SCienee  sugentname  Awer spear Course Name:  Integrated Business Research Project (MBA Intensive) 2023.24
1 rsily of Predina
Lniversity of Predgasa R NS e
Rubric Criteria Final Feedback Resuit: Pass Symbol: C+ Final Mark: 65.00 %

Final Overall Feedback
The majority of the simitarity (47%) appears to be from an assignment submitted by the student. The remainder of the simiarity is linked to tables and definitions with
references.
M ¢
P
N |
)
A
LA
i Ir- == .
- =il
. e 4
~ L
= S | ra
31 August 2023 15:01:53 Masters Recearch Proposal Report - Gordon Institute of Business Science

98



C.

* Indicates requir

Annexure C — Electronic Survey

Engineering Leaders: Skills and
Competencies

| am currently a student at the University of Pretoria's Gordon Institute of Business
Science (GIBS-UP), and completing my research in partial fulfilment of an MBA degree.

This online questionnaire iz part of a research project aimed at exploring the skills and
competencies deemed essential for Engineering Leaders. The study seeks to gather
insights from a diverse group of experenced engineers to gain a comprehensive
understanding of their perspectives on the subject. Your participation in this survey will

greatly contribute to the advancement of knowledge in the field of engineering leadership.

This is a gshort questionnaire that should take about 10 minutes to complete. Your
participation is voluntary, and you can withdraw at any time without penalty. Your
participation iz anonymious and only aggregated data will be reported. By completing the
survey, you indicate that you voluntarily participate in this research. If you have any
concems, please contact my supervisor or me. Our details are provided below:

Reszearcher Name: Albert Spear Research Supervisor: Mr. Rhys
Johnstone

Email Address: 10005146@mygibs.co.za Email Address: johnstoneR@gibs.co.za
Phaone: 082 650 9748 Phone: 011 771 4000

auestion
i auestinn

Qualifying Section
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1.  'What engineering qualification do you have? *

Mark only one oval.
[__) Technical qualification from a college eg. Diploma, certification (NQF Level §)
Skip to question 3

) Bachelor of Technology in Engineering (BTech Eng) (NQF Level 7)
Skip to question 2

[__| Bachelors of Engineering {BEng) or Bachelors of Science in Engineering (NQF
Level T) Skip to question 3

") Honours Degree in Engineering (BEng Hons) (NQF Level 8)
Skip to question 3

(") Masters in Engineering (MEng or MSc) (NQF Level 9)  Skip fo question 3
) Doctorate in Engineering (PhD) (NQF Level 10)  Skip fo question 3

C:l Mone

2. What, if any, business qualification do you have?

Unqualified

We appreciate your interest in participating in the questionnaire; however, it appears that
you may not meet the qualifications necessary to proceed with the survey at this time.

Demographic Section

3. Years of experience as an Engineer *
Mark only one oval.

(") Junior Level (0 - 3 years)
() Intermediate Level (4 - 6 years)
(") Senior Level (=8 years)

C} Engineering Management/leader (=10 years)
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4. Do you have people reporiing fo you? *

Mark only one oval.

_Yes
__JNo

2. Do you have managers reporting to you? *

Mark only one oval.

) Yes
 INo

6. Do you consider yourself an engineering leader? *

Mark only one oval.

) Yes
T JNo

Skills and Competencies for Engineering Leaders

Engineening Leader - is an individual who holds a key position of authority and
responsibility within the field of engineering. This role goes beyond fechnical expertise and
involves guiding, directing, and managing enginesring feams and projects. Engineering
leaders are responsible for nof only the technical aspects of their work but also for
overseeing the sirafegic, managerial, and organizational facets of engineering endeavors.

If you are an Engineering Leader please rate these =kills according to how important you
think they are.

If not an Engineering Leader please rank skills that you want in an ideal Engineering
Leader a= a follower.

Please rate your response according to scale below.

Cognitive Skills
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7. Communication (talking to convey information effectively) *

Mark only one oval.

1 1 - Not Important at all
() 2 - Somewhat Important
) 3- Moderately Important
() 4-Very Important
() 5 - Extremely Important

& Active Listening (listening to what other people are saying and asking *
appropriate questions)

Mark only one oval.

("1 - Not Important at all
{7 2 - Somewhat Important
() 3- Moderately Important
() 4 - Very Important
(") 5 Extremely Important

9. Wnting (effective communication in writing) *

Mark only one oval.

{71 - Mot Important at all
() 2 - Somewhat Important
() 3 - Moderately Important
) 4 - Very Important
(__) 5 - Extremely Important
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11.

12

Read comprehension (understanding written sentences and paragraphs in

work related documents)

Mark only one oval.

[__ 7 1- Not Important at all
()2 - Somewhat Important
() 3 - Moderately Important
(") 4 - Very Important

[ 5_ Extremely Important

Active leaming (working with new information to grasp its implications) *
Mark only one oval.

(" 1- Not Important at all
7 2 - Somewhat Important
() 3- Moderately Important
(" 4 - Very Important

(") 5- Extremely Important

Critical Thinker {using logic and analysis to identify the strengths and
weaknesses of different approaches)

Mark only one oval.

") 1- Not Important at all
() 2- Somewhat Important
(") 3 - Moderately Important
() 4 - Very Important

() 5 Extremely Important

Interpersonal Skills

iy
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13.

14.

15.

Interpersonal skill - managing people *

Mark only one oval.

(1 - Not Important at all
[ 2- Somewhat Important
("7 3- Moderately Important
() 4 Very Important

(") 5- Extremely Important

Interpersonal skill - delegation *

Mark only one oval.

") 1 - Not Important at all
(" 2 - Somewhat Important
") 3 - Moderately Important
(" 4- Very Important

7 5 Extremely Important

Interpersonal skill - being able to have tough conversations *

Mark only one oval.

() 1- Not Important at all
() 2. Somewhat Important
() 3- Moderately Important
)4 -Very Important

() 5 Extremely Important
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16. Interpersonal skill - public speaking *

Mark only one oval.

{71 - Not Important at all
()2 - Somewhat Important
(" 3 - Moderately Important
[ )4 -very Important

() 5- Extremely Important

L

17.  Interpersonal skill - empowering employees so that they can conduct their
responsibilities effectively

Mark only one oval.

771 - Not Important at all
") 2 - Somewhat Important
") 3 - Moderately Important
{7 4 - Very Important

() 5- Extremely Important

i

18. Interpersonal skill - honing employees abilities so that they can achieve their
full potential

Mark only one oval.

(7 1-Not Impartant at all
() 2 - Somewhat Important
3 - Moderately Important
4 -Very Important

() 5 Extremely Important



19.

20

21.

Interpersonal skill - consideration of emotions of staff which contributes to

building trust

Mark only one oval.

{71 - Not Important at all
()2 - Somewhat Important
(" 3- Moderately Important
(" 4 - Very Important

() 5- Extremely Important

Leadership - Ability to influence others *
Mark only one oval.

1 - Not Important at all
() 2- Somewhat Important
{7 3- Moderately Important
{7 4 - Very Important

() 5 - Extremely Important

Leadership - Managing the way people perceive you *

Mark only one oval.

(71 - Not Important at all
() 2- Somewhat Important
() 3- Moderately Important
{4 - Very Important
{5 Extremely Important

L3
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22, Leadership - Managing your own reputation *

Mark only one oval.

{71 - Not Important at all
2 - Somewhat Important
(") 3- Moderately Important
[ 4 - Very Important

[ 5_ Extremely Important

Business Skills

23. Management of Financial resources *

Mark only one oval.

3 1- Not Important at all
{2 - Somewhat Important
) 3- Moderately Important
) 4 - Very Important

() 5- Extremely Important

i

24, Management of Material Resources {obtaining and seeing to the appropriate
use of equipment, facilities, and materials needed to do certain work)

Mark only one oval.

{1 - Not Important at all
{2 Somewhat Important
(3 - Moderately Important
() 4- Very Important
{5 Extremely Important
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26.

27.

Business - Anticipate the business operating environment in the next 5 years *

Mark only one oval.

{71 - Not Important at all
2 - Somewhat Important
(") 3- Moderately Important
[ 4 - Very Important

[ 5_ Extremely Important

Business - Determine what goods and services customer desire, including the

price they are willing to pay

Mark only one oval.

1 - Not Important at all
() 2- Somewhat Important
{7 3- Moderately Important
{7 4 - Very Important

() 5 - Extremely Important

Business - Determining what constitutes customer value *

Mark only one oval.

(71 - Not Important at all
() 2- Somewhat Important
() 3- Moderately Important
{4 - Very Important
{5 Extremely Important
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28. Business - Determine business priorities *

Mark only one oval.

{71 - Not Important at all
2 - Somewhat Important
(") 3- Moderately Important
[ 4 - Very Important

[ 5_ Extremely Important

29.  Business - a knowledge of contemporary issues (current events) *

Mark only one oval.

{71 - Not Important at all
) 2 - Somewhat Important
() 3- Moderately Important
) 4- Very Important

{7 5 Extremely Important

30. Project Management skills *

Marik only one oval.

(" 1- Not Important at all
{2 Somewhat Important
(3 - Moderately Important
() 4- Very Important

() 5- Extremely Important
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31. Economics - Being able to understand economic operating environment *

Mark only one oval.

{71 - Not Important at all
2 - Somewhat Important
(") 3- Moderately Important
[ 4 - Very Important

[ 5_ Extremely Important

32. Economics - Being able to understand the functional drivers of the business *

Mark only one oval.

{71 - Not Important at all
) 2 - Somewhat Important
() 3- Moderately Important
) 4- Very Important

{7 5 Extremely Important

Strategic Skills

33. Marketing Skills (product, positioning, advertising promotions, etc.) *
Mark only one oval.

(7 1- Not Important at all
() 2- Somewhat Important
{7 3- Moderately Important
{4 - Very Important

() 5- Extremely Important



111

34,  Business - Assume responsibility for the survival and growth of the business ™

Mark only one oval.

{71 - Not Important at all
() 2 - Somewhat Important
(") 3 - Moderately Important
() 4 - Very Important

() 5_ Extremely Important

L3

35. Sales - How to sell engineering products, different sales technigues, buying
behaviour, etc.

Mark only one oval.

{71 - Not Important at all
() 2 - Somewhat Important
") 3 - Moderately Important
{7 4 - Very Important

() 5 - Extremely Important

36. Business - Sei direction including establishing a sirategy *
Mark only one oval.

(71 - Not Important at all
() 2 - Somewhat Important
() 3- Moderately Important
(") 4 - Very Important

) 5 Extremely Important
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37. Leadership - Make decisions ethically and understanding ethical
responsibiliies

Mark only one oval.

{7 1-Not Important at all
()2 - Somewhat Important
() 3- Moderately Important
(") 4 - Very Important

() 5-Extremely Important

38. Leadership - Communicate direction including a shared understanding of the  *
direction
Mark only one oval.

") 1 - Not Important at all
") 2 - Somewhat Important
(" 3 - Moderately Important
(" 4 - Very Important

") 5 - Extremely Important

39.  Visioning (developing an image of how a system should work under ideal *
conditions)
Mark only one oval.

("1 - Not Important at all
() 2 - Somewhat Important
() 3 - Moderately Important
(") 4 - Very Important

() 5 Extremely Important
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L3

40. Systems perception (determining when important changes have occumed in a
system or are likely to occur)

Mark only one oval.

{7 1-Not Important at all
()2 - Somewhat Important
() 3- Moderately Important
(") 4 - Very Important

() 5-Extremely Important

L

41. System Evaluation (looking at many indicators of system performance, taking
into account their accuracy)

Mark only one oval.

") 1 - Not Important at all
") 2 - Somewhat Important
(" 3 - Moderately Important
(" 4 - Very Important

") 5 - Extremely Important

42 |dentification of downstream consequences (determining the long-term *
outcomes of a change in operations)

Mark only one oval.

("1 - Not Important at all
() 2 - Somewhat Important
() 3 - Moderately Important
(") 4 - Very Important

() 5 Extremely Important
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L3

43. ldentification of key causes (identifying the things that must be changed to
achieve a goal)

Mark only one oval.

{7 1-Not Important at all
()2 - Somewhat Important
() 3- Moderately Important
(") 4 - Very Important

() 5-Extremely Important

44 Problem Identification (identifying the nature of problems) *

Mark only one oval.

{71 - Not Important at all
() 2 - Somewhat Important
") 3 - Moderately Important
{7 4 - Very Important

() 5 - Extremely Important

45. Solution Appraisal (observing and evaluating the outcomes of problem solution *
to identify lessons leamed or redirect efforts)

Mark only one oval.

(7 1-Not Important at all
(") 2 - Somewhat Important
(") 3 - Moderately Important
() 4 - Very Important

() 5 - Extremely Important

Other Skills



115

46. Technical Knowledge *

Mark only one oval.

(71 - Not Important at all
()2 - Somewhat Important

(__J 3 - Moderately Important
[ a - Very Important
5. Extremely Importamnt

47, Quality Management *

Mark only one oval.

{1 - Not Important at all
{2 - Somewhat Important

{7 3 - Moderately Important
{4 - Very Important
{7 5- Extremely Important

48 Other skills or competencies not mentioned above

This content is neither created nor endorsed by Google.

Google Forms
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d. Annexure D - Ethical Clearance Form and acceptance letter

GIBS ETHICAL CLEARANCE APPLICATION FORM 2023/24

RESEARCH PROJECT INFORMATION

MNAME: Albert Spear

STUDENT NUMBER: 10005148

PHOME NUMBER:

E-MAIL ADDRESS: 1D005146@mygibs.coza

PROPOSED TITLE OF STUDY: .E:;u::enﬁ::":f:m Competencies Across Experience Levels for
RESEARCH SUPERVISOR: Rhys Johnstone

E-MAIL OF SUPERVISOR: rhys.johnstone@gmail. com

RESEARCH CO-SUPERVISOR

E-MAIL OF CO-SUPERVISOR

The purpose of this Research Ethics process is to ensure that all research conducted under the auspices of
GIBS is done so in an ethical manner, in accordance with the University's policy and in such a way that the
rights of all stakeholders associated with the research are protected.

In crder for the GIBS Research Ethics Committee to assess your application, you are required to submit a
description of your Research Methodology that must contain sufficient detail to ensure that the required
steps have been taken to achieve this purpose, in the research design, data collection, analysis and storage of

data used in the conduct of this research.

Please indicate the nature of the output your research is aimed at producing (mark one box only):
ABP Applied Business Project

MBA Research Report

MBA Project Publish Article

MBA Teaching Case Study

MBA Entrepreneurship Stream Portfolio

MBA Consulting Stream PortfiolicMBA Health Stream

MPhil Research Report

ooooo®O

GIBS Ethics Policy distinguishes between FOUR main types of data and THREE main types of
methodology. Please complete the table for ALL the data types that you plan to use. Note that all
applications must be accompanied by a description of the methodology to be used in the study. Initial

all sections that apply to your research
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GIBS ETHICAL CLEARANCE APPLICATION FORM 2023/24

Section of form and type of data or
methodology

Attachments — including methodology chapter
[please mark that they are included)

A Pre-existing personal records of
human subjects,
e.g. performance reviews

0 Methodology section of propesal
O Description of the nature of the records. to be used

[0 Signed permission letter from appropriately authorised person
in the organisation to use the data

B WNew data solicited from human
subjects,
e.g. through interviews or surveys

Fl  Methodology section of proposal

O Informed consent statement attach proforma (separate for
qualitative data collection; as part of survey questionnaire for
quantitative data collection)

Fl Interview guide / survey guestionnaire | pre-existing
proprietary test instrument / description of imtervention

Bl  IF pre-existing proprietary test instrument, letter of permission
from the ownercopyright holder (e.g. the MBTI)

C Public non-human data,
e.g. World Bank or other databases (no
letter needed)

O

Methodology section of proposal

Explanation of the nature of the data, how you will source it
and how you will use it

O

[ Private Organisation-specific non-
human data,
e.g. fimancial statements, marketing or
safety records

Methodology section of proposal

Explanation of the nature of the data, how you will source it
and how you will use it

Permission letter from the ownerforganisation to use the data

E Indicate which methodology you will
be using.
Choose one only

Qualitative
Quantitative

O&E0|(0O0 OO0

Mixed methods



GIBS ETHICAL CLEARANCE APPLICATION FORM 2023/24

SECTION A PRE-EXISTING PERSOMAL RECORDS OF HUMAN SUBJECTS
1. Specify the nature of records and how they will be used

2_ Confirm that permission has been obtained from an appropriately authorised person to study and report on these
%m aftach permizsion letfer(s).
O | confim
3. Provide the name and job title of the person in the organisation who has authorised the use of the reconds.
MName: Job Title:

4. How will confidentiality (when the identity of the respondent is known to the researcher eg. when data
collection is via interviews) and/'or anonymity (when the identity of the interviewer is not known to the researcher
e.g. when data collection is via surveys) of the respondents and their data be assured?
Mark all that apply — ensure thiz is included in your methodology chapier.

O Mo names will be requested

O Mo names will be reported

O Data will be stored withouwt identifiers

O Oinly aggregated information will be provided

O Orther. Please specify

SECTION B. NEW DATA OBTAINED FROM HUMAN SUBJECTS

5. Does the nature of your research require you to collect data from respondents who constitute a "vulnerable
population” ({defined as those who are particularly susceptible to coercion or undue influence or who have difficulty
giving free and informed consent to being the subjects of research)

Mo
O Yes.

IF yes, explain the nature of the population and what measures will be put in place done to reduce or
minimise this vulnerability. Ensure this is included in your methodology chapter.

. Please confirm that no incentive is to be offered to respondents to participate in the study.
B I confirm

7. Mark the applicable bow(es) to identify the proposed procedure(s) to be camied out to obtain data.
O Interview guide Attach if applicable

Bl  Survey guestionnaire Attach if applicable

[0 Pre-existing proprietary test instrument, =.g. MBTI Attach if applicable
IF a pre-existing proprietary test instrument is used, confirm that permission has been obtained to use it.

O
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| confirm
Remember to attach permission letter(s) to use proprietary test instrument/s from an appropriately
authorised person.

O - Intervention, e.g. fraining or experiment Describe in full in methodology chapter
8. Confirm that the data gathering is accompanied by a consent statement.

B 1 confirm
9. Where is the consent statement found?

B As part of the survey questionnaire, if quantitative data collection, in the introduction section of the

questionnaire.

[0 As aseparate document, if qualitative data collection, remember to attach.
10. Is there a risk that the respondents may not fully understand the nature of the study, or instructions or
questions, or their ights as a result of language bamiers between themsehlves and the researcher?

B Mo, there is not a risk

O ‘es, thereis a sk

IF yes, how will the subjects’ full comprehension of the content of the research, including giving consent,
be ensured? Please specify, and include in methodology chapter

11. Do any respondents risk possible harm or disadvantage (e.g. financial, legal, reputational or social) by
participating in the research?

Fl Mo
O Yes.

IF yes, explain what types of risk and what is done to minimise and mitigate those risks and include in
methodology chapter.

12. Are there any aspecis of the research about which subjects are not to be informed?

BFl No

O Yes.
IF yes, explain why, and how subjects will be debriefed. and include in methodology chapter.

13. Will the audio or video recorded data be transcribed and/or translated by an independent transcriber and/or
translator?

Fl Mo

O Yes.
If yes, confirm that the transcriber andfor translator will be required to sign a non-disclosure agreement to
protect the respondent's confidentiality, and include in methodology chapter

O | confirn. Remember to attach a pro-forma non-disclosure agreement

14. How will confidentiality (when the identity of the respondent is known to the researcher e.g. when data
collection is via interviews) and/or anonymity (when the identity of the interviewer is not known to the researcher
e.g. when data collection is via surveys) of the respondents and their data be assured? Include in methodology
chapfer

M Mo names will be requested, relevant when the identity of the respondent is not known to the researcher
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O

a
i
a

Mo names of individuals or organisations will be reported, relevant when the identity of the respondent is
known fo the reseancher

Only aggregated information will be reported
Data will be stored without identifiers
Other. Please specify

15. Is the topic of your research and the nature of the interview or survey questions about one or more particular
organisations or to be conducted within one or more particular organisations?

)
O

O

Mo

‘Yes. If yes, confirm that appropriately authorised person's have provided written permission for you to
conduct this research

| confirn. Remember to attach signed pemmission letter’s

SECTION C. PUBL IC NOMN-HUMAN DATA

16. Specify the nature of records to be used: Explain how they will be selected, where the data will be sourced
and how the data will be used, and include in methodology chapter:

17. Confirm that this pre-existing non-human data is in the public domain, is legally accessible and is free of any
copyright

o

| confirm
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SECTION D. PRIWVATE ORGANISATION-SPECIFIC NON-HUMAN DATA

18. Specify the nature of records (e.g. financial reports, marketing reports or safety records) and how they will be
used.

18. Confirm that permission has been cbtained to siudy and report on these records.

O I confimn. Remember to attach a signed permission letter(s).

20. Provide the name and job tile of the person in the organisation who has authorised the use of the records.

MName: Job
Title:

21. Do companies risk possible harm or disadvantage (e.g. financial, legal, reputational or social) by participating
in the research?
O Heo

O Yes. Explain what types of risk and what is done to minimise and mitigate those risks. Include explanation
in methodology chapter

22. How will confidentiality (when the identity of the respondent is known to the researcher e g. when data
collection is via inferviews) andfor anonymity (when the identity of the interviewer is not known fo the researcher
e.g. when data collection is via surveys) of the respondents and their data be assured? Include in methodology

chapter

O HNo names will be requested, relevant when the identity of the respondent is mot known to the researcher

Mo names of individuals or organisations will be reporied, relevant when the identity of the respondent is
known to the researcher

= Omnly aggregated information will be reported

- Data will be siored without identifiers

o oo o

Other. Please specify
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23. Please select the relevant aption relating to the confidentiality of the research report you will submit for
examination:

Free access, ie. report not embargoed

O

Mo access for a pericd of two years after research report is submitted for examination

Mote that in exceptional circumstances, GIBS, being the copyright holder of the published research, may
consent to an embargo of the report submitted for examination for a period of no more than two years. [f you
wich to apply for such an embargo, please provide reasons. for this in a separate attachment.

No access under any circumstance for an undetermined penod.
A letter of permission from the Vice- principak Research and Postgraduate Studies at the University of
Pretoria must be obtained prior to making this application — and attached to this application for ethical

24 Please conform that you will use appropriate methods o ensure your data is safely stored in an accessible
format for a minimum perod of 10 years

B | confirm
25. Confirm that the details of your data storage method are set out in youwr attached methodology chapter

M | confimm

28. Itis a goal of GIBS to make research available as broadly as possible. Mark the boxes below for the
medium'media in which you do MOT wish results to be made available.

Academic dissemination Popular dissemination
0 Research repart o m
00 Scientific article [0 Radic
[0 Conference paper O Lay ariicle
0 Bock [0 FPodeast
O Boock

Provide reasons for any limitation on publication marked above

27. Confirm that the consent cbtained reason from participant in the research is aligned with the extent of
dissemination, specified in guestion 28. For example, consent if you are planning to use the research io launch
a consulting career will be more comprehensive than in the case of research that is intended only for a scientific

audience.
Bl | confirm

28. IF you wish to describe any other information which may be of value to the committee in  reviewing your
application

Fl Mo
O “es. Provide details in a separate sheet attached to this application
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G, APPROVALS FORIOF THIS APPLICATION
When the applicant is a student of GIBS, the applicant must please ensure that the supervisor and co-supenisor

(whiere relevant) has signed the form before submission
STUDENT RESEARCHER/APPLICANT:

28 | affirm that all relevant information has been provided in this form and its attachments and that all statements
madea are comact.

Smudent Researcher's Name in capital letters: ALBERT MEALE SPEAR
Date: 08 Oct 2023
Supervisor Mame in capital letters: RHYS JOHMNSTOMNE
Date: 15 Ot 2023

Co-supervisor Mame in capital letters:

Date: 08 Ot 2023
Mote: GIBS shall do everything in its power to protect the personal information supplied herein, in accordance to
its company privacy policies as well the Protection of Personal Information Act, 2013, Access to all of the above
provided personal information is restricted, only employees who need the information to perform a specific job are
granted access to this information.
Decision:
Approved
REC comments:

Thank you. Good luck with your research.

Dates 17 Oct 2023
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