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Overview

The field of engineering is a major contributor to the economic stability and growth of the UK and
other economies. Therefore, the efficient operation of engineering companies and firms is vital.
However, design projects undertaken by large engineering organisations are often beset with a
number of problems and constraints that stem from the decision-making process and design process
that have been selected. This PhD aims to investigate whether the design processes of design
thinking and systems engineering can be combined. This would lead to better customer outcomes
and reduced time to market, and thus remove the problems often found in large engineering
organisations to improve the overall operational efficiency. The overarching research methodology
used in this investigation will be action research and is likely to be predominantly qualitative in
nature as it has been found that it is very difficult to establish quantitative metrics for design.
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Background

In 2022, the engineering sector is predicted to contribute £608.1 billion GDP to the UK economy and
is expected to employ around 5.8 million people. Contributions from the engineering sector in 2014
equated to 27.1% of the total UK GDP (Centre for Economics and Business Research, 2015).
Therefore, the efficient operation of engineering companies and firms is vital to sustain the
economy. However, design projects undertaken by large engineering organisations (LEOs) are beset
with a number of problems and constraints that include technological, economic and political
factors. The cause of many of these problems is related to the design process undertaken in LEOs
and the decision-making process that has resulted from the design process selection; this research
investigates alternative design processes as a means through which to improve the delivery of
projects in LEOs and the potential for development for inventive solutions to very complex
problems.

The Traditional Engineering (TE) design process shows that as a design develops and gets closer to
production; the costs incurred for changing any aspect of the design increases dramatically. As a
project progresses, the design becomes more fixed and project artefacts such as technical drawings,
prototypes and manufacturing techniques are created, meaning that changes to the design of the
part itself has implications for other work that has already been conducted thus far. Systems
Engineering (SE) is a design process that was developed to reduce the probability of changes
occurring later in the design process as SE aims to ensure that the implementation that has been
selected is suitable for the stakeholder needs. SE directly contradicts TE techniques as it focusses on
the design of an entire system and its subsystems, by considering the wider context, to resolve the
stakeholder needs, whereas TE focusses predominantly on individual components and individual
component design. In SE, a system is considered in its simplest form to be a set of parts that work
together to resolve a design requirement (Cloutier, Baldwin and Alice, 2015:19).

Monat and Gannon (2018) identified case studies for which the systems engineering process was not
effective. Analysis identified four rationale; ‘failure’ to identify environmental factors, ‘failure’ to
understand that the problem could not be solved simply using technological innovation but requires
other considerations (economic, political or sociological as examples), ‘failure’ to address
interactions between the systems components that are either planned or unplanned and “failure’ to
recognise that the product is part of a user experience system so that the product fails to be useable.



This research proposes that principles of Design Thinking (DT) can be utilised to address these
‘failures’.

Razzouk and Shute (2012:1) defines Design Thinking (DT) as ‘an analytic and creative process that
engages a person in opportunities to experiment, create and prototype models, gather feedback and
redesign’. Design thinking is seen as an interdisciplinary tool that takes a pragmatic approach to
design and considers human needs as the centre of the design process (Brenner, Uebernickel and
Abrell, 2016). As such it introduces a design toolbox that focusses on the in-depth investigation of
the customers wants and needs prior to the design, development and prototyping stages. One
example of this is found in requirements generation; SE processes will base their requirements from
the perceived wants of the consumers generated by the key project stakeholders and will deliver a
product or service based solely off of these requirements. In contrast DT techniques will actively aim
to identify who the consumer is, what the consumer truly needs, and how the end result may be
created with an entirely user centred focus in mind. At every stage the identified consumers are
consulted about how they believe that the product or service may benefit them and how they
perceive it to be flawed.

DT techniques focus on the overall user experience, ensuring that the needs of the end user are
identified early. Importantly, DT techniques help shift the design of a product from a marketable
item to a resolution for a customer problem. As DT puts more emphasis on considering the potential
consumers and the scenarios that the solution may be implemented (Seidel and Fixson, 2013), it
generates a holistic understanding of a problem that will include all external factors when creating a
solution.

DT has been selected in this context over other design processes as the strengths of design thinking
compliment the weaknesses of systems engineering. This is especially true in situations whereby the
problem considered is very complex, or wicked, and potentially has a number of different factors
causing the issue and thus potentially has a number of complex solutions. However other human
centred design approaches were considered for this project; one of which was Agile for its flexibility
and the ability to create products rapidly. This was not chosen for this investigation due to the
emphasis it places on the frequent development of software which is something that will simply not
be possible on the types of projects that are being undertaken with the sponsor.

Therefore this project aims to identify the opportunities and barriers in blending design thinking into
a systems engineering design process within an LEO. In particular, this project aims to develop a
design process that yields better customer satisfaction and reduced time to market for complex and
innovative products without stifling the creativity of a design team. As the success of a project is
directly linked to the effectiveness of the design carried out and its suitability for a consumer, this
research is incredibly important in the current economic climate to give LEOs the tools required to
provide an effective service to their consumers and to aid in the development of novel ideas for very
complex problems.

This project will consider the work of Carlgren, EImquist and Rauth (2016), who conducted a series of
interviews with 31 senior members of staff in large organisations that had used design thinking for at
least five years to identify what the barriers were to adopting this design process. They found that
the challenges of implementing design thinking were actually linked to the characteristics of the
theory itself; a misfit with existing processes and structures, the resulting ideas and concepts being
difficult to implement, the value of design thinking is difficult to prove, the design thinking principles
or mindset clash with the organisational culture, the existing power dynamics are threatened, the
skills needed to use design thinking are hard to acquire and the communication style required is



different from the norm. Interestingly this suggests that issues around achieving implementation are
not solely with design thinking as a concept but will actually focus more around the cohesion of the
company structure and culture.

Several investigations conducted into the applications of design thinking processes (Mabogunje,
Sonalkar and Leifer, 2016; Plattner, Meinel and Leifer, 2012; Seidel and Fixson, 2013 and Blizzard et
al, 2012) have found that it is very difficult to ‘measure’ the effects of design as the concept of
design has no real measurable variables or KPI’s. In this context design refers to the generation of a
product or service that fulfils the needs of a given consumer and so this trend suggests that it is
difficult to compare one product to another if both were aiming to fulfil the same role.

Research Questions
The research question identified is as follows;

1. What are the opportunities and barriers in integrating design thinking within the systems
engineering process of a large, established company?

Research Methodology

This investigation aims to use a single case study methodology to answer its research questions. This
is because the resources allocated to the project have clear, distinct boundaries and the sponsorship
with an external engineering organisation includes the ability to conduct research within their
operations. Therefore, the researcher will be involved directly with the LEO and its current, ongoing
projects.

As this is the case there are two prevailing theories that shall be considered as a part of this
methodology; action research and theory for change. Action research, when discussed with the aim
of generating change, can be referred to in its simplest form as the introduction and manipulation of
interventions that can be monitored over a period of time in order to generate a required result
(Payne and Payne, 2004:9). Theory of change however will be considered more heavily as the
framework for this investigation, as this theory proposes that change can be planned based off of
the perceived causality of an issue and tackled by creating implementations that will resolve these
root causes. Figure 1 shows the preliminary outcomes framework which considers all of the themes
outlined thus far from literature and aims to identify actions that can be chained together to resolve
the research question for this investigation.



Figure 1 - Preliminary Outcomes Framework

In this investigation participants will be professionals working in the engineering or engineering
management profession as they are the users of the teams that will be affected as a part of this
implementation and thus they will provide the greatest insight into the opportunities and barriers
that may be found. Participants will be selected predominantly from the sponsor company. This is
likely to limit the available sample size for interviews due to participant suitability and willingness to
take part. However, minimum sample sizes shall be calculated for any interview investigation
undertaken and considerations made for the type of sampling and available resources at any given
time (Payne and Payne, 2004:205). This is to potentially include participants of differing levels of
seniority and shall vary based on the investigative and data analysis methods that have been
determined.

This project has been identified to be predominantly qualitative in nature due to the work of
Mabogunje, Sonalkar and Leifer, 2016; Plattner, Meinel and Leifer, 2012; Seidel and Fixson, 2013 and
Blizzard et al, 2012 as they have found that it is very difficult to establish quantitative metrics for
design. Therefore, the research methods used predominantly in this project will be unstructured
interviews, semi-structured interviews, post workshop feedback surveys and in-depth reviews of
existing literature. These were selected based off of the perceived resources available and the
intricacies of the necessary data to answer each section of the main research question at each stage.
A simplified research methodology plan has been created below to demonstrate the general
direction that the project is expected to take.



e Literature Review of Previous Work

eIn depth literature review to investigate the previous work that has been undertaken
regardingthe implementation of Design Thinking and Systems Engineering.

e Documentation of the Current Design Processes

eInternal documentationvalidated with an organisationallevel logic model approach;
interviews will be conducted with a range of employees from differinglevels of seniority.

eThematicanalysis of interviews and questionnaires will be used to identify the perceived
strengths and weaknesses of the current process. The merged process designed will aim to
resolve these issues.

Investigation into the Strengths, Weaknesses and Barriers found

in Developingand Utilising the Merged Design Process

eInterviews will be conducted duringand after the implementation to identify how recorded
preconceptions have changed. These will be analysed using pattern matching, with theories
generated from the previous work conducted and literature.

e Investigation into the Applications of the Merged Design Process

eUsing interviews to iteratively test components of the merged process with comparisons to
the previous design process. Analysis will be conducted using thematicanalysis.

Figure 2 - Research Methodology Plan

Due to the current influences of the COVID-19 pandemic this research will also investigate the
aspects of the merged design process that can be completed within a remote working environment.
Under normal circumstances this could be shown to represent a globally distributed design team
that are all aiming to work together on the same project or alternatively, it could reflect a company
culture where remote working is accepted as a part of the organisational structure that a design
team might have. Regardless, an emphasis will be placed on investigating how design thinking and
systems engineering can operate in these contexts and the kinds of tools and techniques that are
required to effectively achieve design outcomes.
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