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Abstract

It is clear that today, engineering-based organizations rely heavily on the management of technical
resources with HR resources, the expertise of which are becoming increasingly more important when
combined effectively. Historically, work in engineering focused much of its investigation on technical
capability, operational effectiveness, innovation, problem solving, project performance, and so forth,
while human resource management work has addressed employee growth, motivation, expertise
acquisition, retention, commitment and performance. Such studies were typically isolated, consequently
leaving a gap between research related to HR and engineering capability relating to how they influence
organisational performance. Here we propose a framework that synthesizes engineering capability and
HRM towards achieving organisational outcomes, based on managerial processes. We maintain that
simply investing in technical experts alone will not guarantee organisational performance gains. Instead
we put forward that the translation of engineering competence into organisation value must rely upon
systems in recruitment, skill enhancement, expertise transfer, supervisory behaviour, worker motivation,
and reward mechanisms. Indeed, we add that both the association between engineering capability and
organisational performance is mediated by HR systems, that this relationship may be moderated,
enhanced, or depleted by managerial approaches and that it is necessary that engineering skill be developed
as an organisational asset that has become so valuable for the pursuit of long-term organisational goals.
For research, which is now considered of significance is to test this linkage. The intent of the research that
presented is for bridging the gap between the interdisciplinary areas of both knowledge management,
HRM, and engineering expertise on an individual to an organisational level, where engineering expertise
is viewed as knowledge-based human capital the capability of which needs to be strategically managed.

Keywords: Engineering, Human Resource Management, Management, Engineering Capability, Human
Capital, Talent Management, Organizational Performance, Knowledge Management

1. Introduction

Engineering organizations exist at the nexus of technology, people, processes, and management decisions.
Regardless of whether the organization is a firm engaged in manufacturing, infrastructure, 1T, energy,
transportation, construction, or advanced tech R&D, organizational outcomes are contingent not only on
technological capacity but also the effective utilisation of that capacity by people. The position of
engineers is unique in the context of engineering organizations, typically possessing specialized technical
knowledge, employing analytical reasoning, fostering innovation, applying solutions-based approaches,
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coordinating projects, estimating risks and generally applying scientific principles and practices to
technical problems.

However, technical competence alone is not necessarily the source of organizational performance.

The value derived from engineers' knowledge is largely predicated on how organizations recruit, train,
motivate, align, retrain and manage engineering professionals. These premises beg the managerial
question: how can an organization’s engineering capability be leveraged to drive sustained organizational
performance, through effective HRM and management strategies and practices? Research exists for all of
the constituent elements contained in the question presented. The literature pertaining to engineering
management has analysed engineering expertise, technological innovation, project management, systems
thinking and technological advancement.

The literature on HR management has provided insights into employee recruitment and training, appraisal
management, the drive to engage employees and cultivate an organisational workforce committed to
developing organisational capacity and talent.

The literature of strategic management has shown that organizational capabilities and human capital have
a role in attaining sustained competitive advantage. This has not always led to the integration of these
streams of literature. Thus, for a significant share of the literature on engineering organizations and their
performance, engineering capacity has been treated as a component element of the technical or
organisational asset base of the firm with human resource management being considered a separate
organizational function-administrative and managerial.

The problem is that engineering capacity is largely vested in teams and individuals. This makes the
management of engineers key in the transformation of technical capacity into technological innovation,
output, quality and firm-wide performance resilience. The present paper, therefore, outlines an
interdisciplinary conceptual frame that relates engineering capability, the management of people within
organisations, business strategy and organisational performance.

2. Background of the Study

2.1.  Engineering as a capability of an organization

Engineering capability is beyond an issue of qualifications attained through formal education. It also
covers technical knowledge, practical experience, analytical ability, capacity to solve problems, to design,
and to innovate, systems thinking ability, digital competence, knowledge application ability to
organizational —complexities.Furthermore, engineering activities have become increasingly
multidisciplinary in organizations of today. Engineers work alongside managers, economists, data
scientists, HR specialists, customers, suppliers, regulations officers and other stakeholders. This puts a
demand on engineers to possess behavior competence besides technical competence. The boundaries
between technical and managerial job roles have consequently blurred, and engineers are also involved in
project leadership, resource allocation, decisions making, team coordination, and innovation management
processes and participate actively in solving complex problems within organization, including those
related to organizational performance.

2.2. Human Resource Management in an Engineering Organization

HRM practice becomes a key area of focus in knowledge based organizations as employees are regarded
as the largest organizational capability component. In case of engineering organizations, HRM practices
might refer to talent acquisition for engineers at both technical and managerial level; competency based
selection; training for both technical skills and managerial competencies; lifelong professional
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development, career enhancement, performance management system and mechanisms of sharing
knowledge;employee development with regard to engagement, and leadership and succession planning.
The overall organizational capability of an engineering firm rests to a great extent on efficiency of HRM
practices.

2.3.The Management layer

Management refers to the means by which engineering and human resources are brought together to serve
some organizational goal. The management functions comprise setting priorities and deciding which goals
to be pursued, allocating resources and setting forth expectations on individual and team performance,
coordinating activities of a team, building collaboration between team members and managing conflict,
communicate organizational goals to employees, and establish an environment in which they are able to
develop and use their knowledge.There lies a triple link: engineering capacity, human resource capacity
coordination managerially toward an organizational outcome. This relationship is not necessarily additive.
The organizational outcome depends on a complex interaction of technical knowledge, employee
behavioral factors, management practices, organizational environment etc.

3. Problem Statement

Engineering intensive companies are those that invest extensively in technical know-how, technical talent
development, training, and innovation but find it difficult to get results or solve some basic business
problems such as employee churn, wasted technical expertise, poor knowledge sharing, lack of
communication, project delays, skills shortage, employee disengagement and ineffective leadership. These
problems reflect the truth that technical capability is indivisible from human resource and management
systems. For example, the highest technically qualified individuals under-perform when their respective
organizations give employees few career path opportunities, little appreciation, weak support, and less
authority or if top leadership is dysfunctional and human resources management does not add value to
engineer's capabilities and organization. The issue examined in the paper is the lack of conceptual framing
of engineering capability, HR, and management functions and capabilities to form an integrated frame.

4. Research Gap

Several points demand future research, in the existing literature:

4.1. Engineering and HRM Perspective separation: Engineering research pays too much attention to
technical and technology issues, while HRM research pays too much attention to employee and
organization related issues, insufficient attention has been paid to the intersection among these
aspects.

4.2. Lack of explanation of conversion mechanism: some research finds relationship between employee
competence and organization performance, but fails to explain the detailed steps for engineering
capability to be transformed into organization performance outcomes.

4.3. Engineering specific human resource management attention needed: general HRM concepts,
practices, and systems do not apply properly for engineering profession, as engineers have special
knowledge and skills, are under continuous technological changing circumstance, typically work
under projects, and in an innovation-intensive environment.

4.4. Lack of concern for management in the process; management may influence knowledge sharing,
integration, development and application with respect to technical knowledge. Managerial processes
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linking engineering capability and organization performance have been relatively ignored in both
streams.

4.5. Development of an integrative framework is needed: developing an interdisciplinary research
framework on Engineering Capability + HRM Practices + Management Processes Employee
Outcomes Organizational Performance and testing it has been a significant research challenge. This
is exactly what the current paper attempts to build.

5. Objectives of the Study

The objective of this research will be as follows:

5.1.To test the linkage between engineering capability and organizational performance.

5.2.To probe into the impact of HRM practices on the building-up of the engineering capability.

5.3.To probe into managerial processes linking engineering capability to organization outcomes.

5.4.To put forth a unified conceptual frame to integrate engineering, HRM, management as well as
organization capability and outcome.

5.5.To identify potential paths for further study on empirically verification.

6. Proposed Propositions

Proposition 1: A high level of engineering capability contributes to organizational performance
positively.

Proposition 2: Strategic HRM practices enhance engineering capability-employee performance linkage.
Proposition 3: Employee engagement mediates the engineering capability-organization performance
linkage.

Proposition 4: Knowledge sharing mediates the engineering capability-innovation performance linkage.
Proposition 5: Management support contributes to positively engineer capability-employee performance
linkage.

Proposition 6: The employment of the engineering function specific talent management contributes to
retention and engineering capability positively.

Proposition 7: The synergistic alignment of engineering capability, HRM practice and management
practice will result in greater organizational performance outcomes than development of each element
independently.

7. Theoretical Foundation

7.1.Resource-Based View

The Resource Based View posits that valuable and hard-to-imitate resources can lead to long-term
sustainable competitive advantage. Engineering knowledge can be such a resource that is rare, non-
substitutable and deeply embedded within organizational processes.

7.2.Human Capital Theory

The premise of Human Capital Theory is that there exists value to the firm as well as to an individual if
knowledge, skill and competence level of employees are high. An engineer's education, work experience
and training can therefore be examined as investment in Human Capital.
7.3.AbilityMotivation-Opportunity Frame

The Ability-Motivation-Opportunity view of performance is particularly relevant here for laying the
groundwork for our framework. While engineers may have an ability level which is high on engineering
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skills and knowledge on certain processes, performance depends upon having motivation and opportunity
to exercise their ability level. It is possible that an organization may have very able engineers yet
performance levels may not equate to ability levels, with this being due to the motivation of the engineers
or opportunities made available in the organization.

8. Managerial Implications

There are a number of implications for managers that stem from this suggested framework.

A. First, an engineering professional recruitment system needs to include criteria for assessment of both
individual technical ability and teamwork skills.

B. Second, professional development needs to move beyond the technical. A successful engineer must
also be capable of demonstrating leadership, communication skills, project management skills,
interdisciplinary skills and decision-making skills.

C. Third, organizational reward systems must value innovation, knowledge sharing, coaching, problem-
solving and team contributions-not simply short-term, individual results.

D. Fourth, an engineering professional must be able to pursue a career path either as a technical specialist
or as a manager of people and projects.

E. Fifth, an HR department must actively collaborate with engineering and technical departments, rather
than function as a disconnected entity.

Finally, managers need to understand that individual expertise only becomes a shared organizational

resource when there is a process to “transfer” this knowledge and turn it into collective capacity.

9. Future Research Agenda

Extending the framework to a large empirical research program, it is feasible to explore in future research
if engineering capability predicts organizational performance, if employee involvement mediates this
relationship, if management commitment moderates the relationship, if a specific engineering talent
management system enhances the attraction and retentions of engineers, if knowledge sharing mediates
the relationship of engineering capability to innovation, how cultural forces impact engineering—HRM fit,
and whether the digital transformation alters engineer competencies requirements, and if these
relationships vary in construction infrastructure, energy/ utilities, healthcare engineering, IT,
manufacturing and public sector industries. The empirical relevance and important contribution of a
longitudinal design also needs to be explored given both engineering capability and performance typically
vary over time. A mixed methodology research would probably lead to even stronger results using
qualitative interview to reveal relevant engineering-specific HR problems first then followed with
quantitative modelling of the conceptual framework through structural equation modelling.

10. Research Contributions

We propose a conceptual frame that makes three conceptual contributions.

A. First, it links engineering capabilities with HRM rather than thinking about technical and HRM
capabilities separately.

B. Second, we pinpoint organizational outcomes that are impacted through employee level mechanisms
that result from engineering capabilities.

C. Third, we outline management actions as a contextual mechanism that either facilitates or inhibits
translation of engineering knowledge into organizational value.
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Accordingly, this paper offers directions for subsequent empirical work within engineering management,
HRM, and strategic management disciplines.

11. Conclusion

The key theoretical contributions made by the paper:

It establishes the relationship between engineering capability and HRM (rather than defining the two
organizational fields, technical capability and HRM, in separate ways). It defines mechanisms at the
employee level by which engineering capability may or may not translate to organizational outcome. It
defines management practices as a contextual mechanism to decide if the engineering knowledge will
convert into an organization's value. Overall, it defines a basis that can be applied for subsequent empirical
studies in areas concerning engineering management, human resource management and strategic
management.
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