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The New Model Institute for Technology and Engineering (NMITE) in Hereford UK is a higher education start-up
established to deliver a new age of engineering education. Because humanity’s pressing problems are inherently
interdisciplinary, NMITE’s first degree, the Master’s in Integrated Engineering (MEng) integrates conventionally
separate strands of engineering and goes still further — integrating engineering with other disciplines such as arts,
humanities, business, and ethics. The intentional and strategic process by which the course content was developed enabled
the creation of an ethics curriculum that maps onto and is embedded within each of the MEng’s 27 engineering modules.
NMITE’s ethics curriculum has several distinctive components including an ethics spine approach that is scaffolded
according to stages of ethical learning development and is embedded in problem-based learning pedagogy. This paper will
describe the ethics interventions within NMITE’s MEng curriculum and will present autobiographic and self-reflective
data from a pilot study of trial learners that contributed to an iterative process of improvement and acted as a guide to
decision-making. NMITE’s thorough and robust approach to embedding ethics within and throughout its Master’s in
Integrated Engineering has the potential to enable engineers to promote social responsibility and sustainability, to fulfil

their public duty, and to engage in lifelong learning and reflection.
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1. Introduction

In the past ten years, the movement for rethinking
and reforming engineering education to better
incorporate the social, environmental, and ethical
contexts of engineering has been complemented by
broad global initiatives like the UN’s Sustainable
Development Goals, and the National Academy of
Engineering’s Grand Challenges which are formu-
lated around ‘‘sustainability, health, vulnerability,
and the joy of living” [1]. Meeting these priorities
requires an ethical approach to engineering prac-
tice, so academic and professional institutions as
well as individual engineers have recognised the
need to embed more comprehensive ethics learning
within engineering education [2-4]. This recogni-
tion has spurred efforts around the world to more
effectively integrate ethics across engineering curri-
cula, which range from small-scale interventions at
the lesson or module level to large-scale overhauls
of programmes or accreditation requirements [5].
With the founding of an entirely new engineering
institution, the New Model Institute for Technology
and Engineering (NMITE) in Hereford, UK, the
opportunity arose to create from scratch an inten-
tional and holistic approach to embedding ethics
throughout an entire degree programme, the Mas-
ter’s in Integrated Engineering (MEng). The MEng
was created with the philosophy that engineering
innovation requires a wide variety of perspectives
from the world beyond STEM. This ethos of weav-
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ing technical and non-technical considerations
together enables a logical and natural way for
ethics to become central within, rather than tangen-
tial to, engineering learning. The MEng’s spine of
ethics learning appears across the programme and is
aligned to the UK’s Frameworks for Higher Educa-
tion Qualifications (FHEQ) Levels. Because the
MEng is a combined Bachelor’s/Master’s degree
programme, it comprises FHEQ Levels 4-7, Level
4 being equivalent to undergraduate first year and
Level 7 to Master’s-level.

This paper describes NMITE’s initial approach
to ethics education within and throughout the
MEng and provides three contributions to litera-
ture on integrating ethics throughout engineering
curricula: a model of an ethics spine curricular
approach, a method for integrating engineering
ethics education at the graduate level, and an
opportunity to study systematic integration.
NMITE welcomes its first students in September
2021, and via the institutional quality assurance
processes of review and reflection, these initial plans
will be evaluated and improved upon.

2. About NMITE and the MEng

NMITE is one of several higher education start-ups
being established in the UK and was founded to
address the need for more engineering graduates,
and specifically the need for more diverse, creative,
and innovative engineers. These founders believed
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that the established and accepted model of educat-
ing engineers is not as effective as it needs to be in
order to address humanity’s most pressing pro-
blems. To achieve these goals, NMITE developed
the MEng as its first and flagship programme. This
section describes NMITE’s development and the
MEng’s distinctive curricular structure and peda-
gogical features.

2.1 Institutional Background

NMITE is located in the UK county of Hereford-
shire, where the government has designated 32
districts as “Low Super Output Areas” in terms of
children’s and young people’s education and skills;
indeed, it is also one of the only counties in England
without a university [6]. Thus, NMITE’s founders
were spurred by a strong agenda of justice in terms
of social, economic, and educational “levelling up.”
Widening participation in engineering is also at the
forefront of NMITE’s mission, not only for people
from social and economic backgrounds typically
less likely to become engineers, but also in terms of
closing the gender gap in STEM. Additionally, an
ethic of place-based learning and being rooted in
the community was central to NMITE’s institu-
tional and curricular design. This is evident in
operational decisions such as making use of existing
facilities near the city centre rather than construct-
ing a purpose-built campus, but this ethic is also
crucial to the practice of using industry and com-
munity partners for the learning provision in ways
described below. NMITE’s vision also responds to
industry calls to develop “work-ready’ graduates
who are broadly prepared for the kinds of complex
engineering projects that require a wide range of
professional skills and behaviours including team-
work and creativity [7].

During the development of the MEng, NMITE’s
academic leaders were inspired by global exemplars
including educational institutions like Swinburne
University of Technology (Australia) and Quest
University (Canada), the values of organisations
like Engineers Without Borders, the Service Learn-
ing and Corporate Social Responsibility move-
ments, and the use of a student co-design year as
pioneered by Olin College (USA). These efforts
have enabled NMITE to emerge as an innovator
in engineering education, recognized within the UK
for its new approaches to curriculum and pedagogy
and globally as a “place to watch™ in engineering
education innovation [8, 9].

2.2 NMITE’s Curricular Structure and
Pedagogical Approach
The MEng is designed so that students can achieve a

Master’s degree in three years and is therefore an
accelerated programme of learning where modules

are delivered 46 weeks a year in a sequential and
block style. There are four types of modules:
Toolboxes (focused on liberal arts and professional
skills), Engineering Sprints (focused on the techni-
cal topic areas of Electronics, Dynamics, Control,
Flow/Heat, and Materials), Community-Based
Challenges (focused on design and prototyping),
and Advanced Projects at FHEQ Levels 6 and 7 (a
combination of individual projects and the broad
subject areas of Health, Security, Energy, and
Infrastructure). Modules are either 2 or 3.5 weeks
in duration and are divided into “Clusters” of
learning which are meant to integrate convention-
ally separate strands of engineering as well as
integrate engineering with disciplines such as art,
business, and rhetoric. Indeed, Liberal Arts com-
ponents comprise nearly 30% of the programme,
and in the Toolboxes, these liberal elements are
explicitly intertwined with technical topics like
CAD and Metrology. Thus, the MEng in Inte-
grated Engineering is truly Integrated, and at the
heart of integrated engineering is inter- and multi-
disciplinarity.

Interdisciplinarity has been recognised as a high-
impact pedagogy because of its ability to cultivate
thematic and collaborative learning, to embed
communication, ethics, and numeracy skills across
the curriculum, to encourage community-based
learning, and to encourage capstone learning
experiences [l10]. As Balsamo and Mitcham
acknowledge, this recognition and reinforcement
of different modes of knowing is an ethical
approach to learning, and the negotiation of and
crossing between disciplinary boundaries requires
ethical habits and the embodiment of virtues such
as generosity, humility, and integrity [11]. Addi-
tionally, modules which require interdisciplinary
collaboration between faculty, as those in the
MEng do, have been shown as sites where ethical
behaviour is modelled via the give-and-take of the
team-teaching environment [12]. Students taught
by interdisciplinary faculty teams have been shown
to value the opportunity to observe the multiple
perspectives of their teachers as they made ethical
decisions, which then improved the students’ cog-
nitive skills [13].

Problem-based learning [PBL] is one pedagogical
approach to interdisciplinary learning; it also
models how engineers work in practice [14, 15].
Therefore, NMITE has adopted PBL throughout
its Engineering Sprints, Community-Based Chal-
lenges, and Advanced Sprints. All learning activ-
ities in these modules, including seminars, practical
tasks, and assessments, are centred around a real-
world challenge posed by an industry partner or
community organization. PBL’s emphasis on the
context of problems has been shown to cultivate
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critical thinking about ethical aspects of engineer-
ing by revealing its social and environmental con-
texts [16]. In NMITE’s iteration of PBL, ethics is
therefore core to learning because effects on stake-
holders and users are made visible to students and
have immediate, real-world impact. For instance, a
planned challenge in a Dynamics module is to re-
design a playground in the community; students
will have to make choices about materials and
design that are rooted in ethical decision-making
in order to mitigate concerns about health, safety,
and the environment. Additionally, all challenge
work is undertaken within teams, so that by the end
of the MEng students will have worked in at least 24
teams on 24 different engineering challenges. Team-
work requires a social contract approach to learn-
ing in terms of being accountable to others, taking
on different team roles, and learning how to thrive
in both leadership and followship positions [17]. As
students undertake each challenge, they are
prompted to regularly reflect on their work as
individuals and as a team, promoting the critical
analysis required of ethical action and motivation
in these professional scenarios [18].

Besides having an embedded ethics component
within the MEng curriculum, NMITE’s pedagogy
is student-centred and designed to promote a more
inclusive learning environment [19]. Students have
a “home base” in a Studio, where seminars, tutor-
ials, team project work, practical tasks, and men-
torship occur for each 25-student class. Studios are
designed to be used for the entire 8-hour working
day and are flexible and versatile, easily modified
according to the needs of various learning activities.
They enable the coaching and mentoring function
of educators because a higher level of interpersonal
engagement occurs when everyone is in the same
space for an extended period of time, thus building
a trust relationship between educators and students
[20]. Comprising elements of active learning, flipped
classroom, and studio-based learning, NMITE’s
pedagogy is one that enables educators to act as
guides, responding and adapting to individual
learning styles and needs.

Finally, NMITE has adopted an approach of
using only authentic assessments; that is, students
are assessed on content that requires them to
demonstrate the same competencies that engineers
demonstrate in professional practice. The MEng
uses 16 different assessment types ranging from
specifications and project plans to artefacts, media
outputs, and presentations. NMITE believes, as
Janesick shows, that authentic assessment is a
fairer way to evaluate students than traditional
exams [21]. Not only are these authentic assess-
ments more inclusive to various learner types and
provide opportunities to succeed in a variety of

modalities, but they mitigate the culture of policing
that surrounds the taking of exams, thus removing
punishment from the discourse surrounding assess-
ments [22].

3. Integrating Ethics — Preliminary
Activities

A small group of academics worked for over four
years to write and develop the MEng programme,
beginning with high-level programme learning out-
comes and cascading down to the level of learning
plans for each module. This interdisciplinary team
comprised people from around the world with
expertise in both higher education and industry,
and included a former university Pro-Vice Chan-
cellor with a background in materials science and
engineering education, an atmospheric physicist
who worked in the airline industry on mitigating
emissions, an educational scholar with a prior
career in automotive and agricultural engineering,
and a humanities educator specializing in integrat-
ing the liberal arts in engineering education.

The programme and curricular development
activities included developing an authentic assess-
ment strategy and process, a studio- and problem-
based learning pedagogical approach, and methods
for delivering mathematics, communication, and
ethics instruction alongside technical content.
NMITE has adopted engineering ethics education
approaches common to the broader field of using
applied and professional ethics to “act as a bridge
between theory and practice” [23, p.3]. Its pedagogy
is rooted in the four-component model of moral
psychology developed by neo-Kohlbergian scho-
lars [24]. Research into learning outcomes devel-
oped by scholars working in ethics across the
curriculum initiatives also informed NMITE’s
strategy of ethics integration [25]. The result was a
proposal for an ethics framework that highlighted
specific modes of ethics learning at each curricular
level.

3.1 Ethics Learning Framework

Because the MEng curriculum is scaffolded and
aligned to learning outcomes that are defined at
both the module and programme level, it was
essential that the ethics learning framework be
structured to complement and enhance it.
NMITE’s curricular philosophy can be seen
depicted in Fig. 1.

The Ethics Learning Framework was also influ-
enced by the Royal Academy of Engineering’s
Ethics Curriculum Map, the overall requirements
of the Accreditation of Higher Education Pro-
grammes in engineering [AHEP] and written in
line with the UK Standard for Professional Engi-
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Fig. 1. A visual representation of the interdisciplinary learning components of NMITE’s Master’s in Integrated Engineering, excerpted

from Allan, Hitt, and Rogers [26].

neering Competence [2, 27]. The challenge therefore
was to meet all these considerations while also
recognising theories on best practices in ethics
learning and the recommendations of scholars
working within moral education and within engi-
neering ethics specifically.

It has two components: the ethics pedagogy areas
and the ethics learning outcomes. These were
crafted for the specific context at NMITE which

not only includes challenge- and team-based learn-
ing, but also the variety of assessment types used at
each level. For instance, if students are required to
conduct an ethical review of an advanced engineer-
ing project in Level 7, they need to have been
introduced to strategies for making ethical judg-
ments and given the opportunity to practice ethical
analyses at a previous level. These considerations
resulted in the framework shown in Table 1.
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Table 1. Components of the Ethics Learning Framework in NMITE’s Master’s in Integrated Engineering

Ethics Pedagogy Areas

Level 4 Level 5

Level 6

Level 7

Introduce ethical theories and
ethical analysis and
reasoning.

Introduce ethical awareness
and ethical sensitivity.

Introduce ethical judgment
and ethical motivation.

Introduce ethics in integrated
engineering contexts: policy /
environment / business / cultures.

Reinforce ethical awareness
and ethical sensitivity.

Introduce codes of conduct
and professional obligations.

Apply ethical analysis and
reasoning in ambiguous and
uncertain contexts.

Reinforce and apply ethical judgment
and ethical motivation.

Reinforce codes of conduct
and professional obligations.

Reinforce application of
ethical awareness and ethical
sensitivity.

Reinforce application of ethical
analysis in ambiguous and uncertain
contexts.

Reinforce codes of conduct
and professional obligations.

Reinforce application of ethical
awareness and ethical sensitivity.

Reinforce codes of conduct and
professional obligations.

Outcomes

Ethical Sensitivity Ethical Knowledge

Ethical Judgment

Ethical Motivation

Students will describe
professional norms,
principles, and ideals related
to their chosen field.

Students will identify ethical
issues from the perspectives of
a variety of stakeholders
(client, manager, etc.).

Students will justify an ethical
stance.

Students will evaluate viable courses
of actions or solutions in response to
an ethical dilemma.

Students will describe the
ethical issues that are inherent
in the roles of professional
engineers.

Students will recognise ethical
dilemmas in engineering.

Students will analyse ethical
dimensions and complexities
of a dilemma.

Students will apply ethical principles
to the evaluation of strategies for
resolving ethical issues.

Students will identify the
dilemma when presented with
an ethical situation.

Students will identify options
for resolving an ethical
dilemma.

Students will describe the
consequences of a variety of
possible solutions to an
ethical dilemma.

Students will propose policy relating
to ethical questions in engineering.

Students will apply a Code of
Ethics to situations that
involve engineers, their
clients, and the public.

Students will describe how their value
systems inform and influence their
professional practice.

3.2 Planning Ethics Integration in Trial Modules

With the pedagogy areas and outcomes in place,
ethics integration was tested in two trial modules.
These modules were delivered in fall 2019 as a part
of a larger effort to trial various aspects of the
learning programme as it had been designed over
the previous year. The trial modules described here
are Introduction to Electrical and Electronic Engi-
neering (EEE1) and Observant Engineering, two
separate but linked module types within the MEng.
EEEl is classified as an “Engineering Sprint”, a 3.5-
week block of learning at Level 4 that students will
take within the first 6 months of entry to the MEng.
It was tested with a group of six Trial Learners that
continued the work of the Design Cohort, 31 young
people who were participants in NMITE’s co-
design year and worked on activities relating to
community engagement, learning spaces, and cur-
ricular approaches. The Trial Learners had already
tested elements of five other planned NMITE mod-
ules throughout the prior year, though none of
these had explicit ethics content embedded, and
were delivered prior to the establishment of ethics
pedagogy areas and outcomes.

Observant Engineering is classified as a
“Toolkit,” a 1-week block of learning that is

designed to introduce specific skills that students
will use throughout the remainder of the pro-
gramme, and deliberately integrates technical and
liberal elements. When NMITE deploys this toolkit
after the trial stages it will form part of a 3-week
Level 4 “Toolbox” module called “Making it
Happen” which combines learning outcomes in
CAD and Engineering Design as well. Observant
Engineering was tested with a group of visiting
students from the Colorado School of Mines, who
had never engaged with the NMITE learning
approach but were all familiar with the ethos of
learning engineering in context, and all had some
previous introduction to ethics concepts.

Referencing NMITE’s ethics learning frame-
work, there are two aims of ethics learning in
Level 4: to introduce ethical awareness and ethical
sensitivity, and to introduce codes of conduct and
professional obligations. Following from those
aims are these outcomes:

e Students will identify ethical issues from the
perspectives of a variety of stakeholders (client,

manager, etc.)

o Students will recognise ethical dilemmas in engi-

neering.
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e Students will identify the dilemma(s) when pre-
sented with an ethical situation.

As the ethics content was planned for the trial
modules, it quickly became clear that not all of
these aims and outcomes could (or should) be
addressed in every Level 4 module (there are nine
modules at Level 4), so it was necessary to choose
specific elements of ethics learning to introduce
within these trial modules. It was therefore decided
that the main focus would be on developing the
ability of students to recognise ethical issues, and
for them to be able to see these issues from multiple
perspectives.

3.3 Trial Engineering Sprint: Introduction to
Electrical and Electronic Engineering (EEEI)

The challenge set for EEE1 was to build a water-
level sensor for a local restaurant that would alert
the owner when floodwaters from the nearby river
could potentially damage food stores located on the
lower level of the building. As is common in such
introductory electronics modules, the technical
learning comprised elements like circuits, transis-
tors, operational amplifiers, electronic sensors, and
actuators. Due to the pressure of testing this large
amount of technical content on the accelerated 3.5-
week scale, the Module Lead set aside only one
hour for a “liberal seminar” in which relevant ethics
material could be covered.

A visit from a guest speaker is a common
approach to ‘‘ticking the ethics box” in some
engineering education contexts, and while students
may perceive it as a helpful learning experience,
some educators question the value of guest speakers
in terms of their ability to link professional scenar-
i0s with learning outcomes [28, 29]. These events
can however be more or less impactful depending
on how the talk is pitched, for instance: whether the
speaker makes general or specific connections to the
technical work of the module, whether they have
any knowledge at all of the engineering learning
happening concurrently to their talk, and whether
students are expected to reflect on or make use of
the content delivered in the guest seminar. Thus, the
ethics intervention that was tested in the context of
an engineering sprint was whether or not a short,
one-hour seminar about ethics issues relevant to the
challenge would have any bearing on their solution
or affect the way that they approached the module
challenge, even though the EEEl module assess-
ments (Specification, Artefact, Tutorial Questions)
did not require students to apply any ethics knowl-
edge.

The one-hour seminar occurred when students
were well into the technical aspects of designing
their sensor, about 2/3 of the way through the

module. It was designed as a Socratic discussion
framed around the concept of responsibility in three
stakeholder areas: to the client, to the other busi-
nesses and people located in the same complex that
was affected by flooding, and to the environment;
that is, whether and how to consider Nature as a
moral patient in this or similar cases. Again,
because this is a Level 4 module and therefore one
of the first times students engaged with ethical
considerations as related to their engineering and
technology work, they had not yet been introduced
to any specific ethical terms, theories, or
approaches. Indeed, as indicated earlier, the semi-
nar wasn’t even framed as ““ethics’ but as “liberal
studies.” So, the goal of the seminar was simply to
open up the discussion from the intimate technical
details of electrical and electronic engineering
required in their challenge to the broader contexts
of the solution, through which issues of ethics are
embedded. No particular conclusions were drawn
at the end of the discussion as to a “right” or
“wrong” or “better” or “worse’” approach, it was
simply an exploration of ideas and concerns that
had either not before been considered or had not
been thoroughly investigated.

Because of this somewhat non-explicit approach
to ethics learning it was unclear whether or not the
seminar material would have any impact whatso-
ever on their work or their solution. However, when
the students presented their Artefacts, they com-
mented on the stakeholders, their responsibilities,
and had even done, without being required to or
trained to, a sort of layperson’s ethical analysis of
broader environmental issues related to their work.
One of the students commented that through the
challenge, they could see that they were not just
making switches and circuits, but their technical
design choices related to the notification system had
the potential to protect businesses from financial
ruin as well as maintain the livelihood of its owners
and workers. This is evidence that even short
conversations can have ethics learning impacts, at
least at the levels of awareness and sensitivity.
However, unlike many cases where guest speakers
visit but never return to the classroom, in this case
they had knowledge of the technical challenge,
understood the learning context, could work with
Module Lead on ongoing or follow-up topics, and
could even engage in informal discussion with the
students later in the module as they progressed
through the challenge.

Neil Rogers, the EEEl trial Module Lead,
reflected on the session as follows: “When deliver-
ing technical content, [instructors] can sometimes
slip into a very narrow field of view and purely
address the technical challenges without consider-
ing wider impacts — this can end up being techni-
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cally very satisfying but ultimately could be a waste
of time and energy and not satisfying at all! I found
these [ethics-focused] sessions critical to ensure that
students question what they are doing and why.
[They served] to ensure that students are made to
stand back and reassess these issues before they are
too far into their final design. This then not only
brought added context to what they were doing but
also improved motivation’ [30].

3.4 Trial Toolkit: Observant Engineering

Unlike Engineering Sprints, Toolkit modules do
not have a specified challenge. Instead, students
engage in seminars, tutorials, tasks, and activities
designed to develop specific skills, approaches, and
mindsets crucial to engineering work. The aim of
the Observant Engineering toolkit is to develop the
student’s ability and motivation to gather and
evaluate information that enables better judgments.
In order to achieve this aim, students must under-
stand their own perspectives, values, behaviours,
and biases, as well as learn how to use observational
strategies and techniques to determine the relevance
and importance of historical, economic, social,
political, and material factors on decision-making
and judgments. One outcome is focused inward, on
turning a critical and reflective eye on oneself, and
the other outcome is focused outward, on questions
of empathy, justice, access, shared public spaces
and human experiences. Both of these outcomes
relate to the development of ethical awareness and
sensitivity [31, 32].

In-class activities focused on recognizing cogni-
tive bias, practicing the use of multiple senses, and
seeing common objects from alien perspectives, all
of which were designed to heighten self-awareness.
These were paired with the City as Text™ metho-
dology, which emphasizes exploration, analysis,
interpretation, and evaluation of the built and
natural environment [33]. Place as Text is a peda-
gogy developed and disseminated by the National
Collegiate Honors Council in the USA and uses key
components of mapping, observing, listening, and
reflecting through writing. This has previously been
used successfully in an integrated first-year engi-
neering design and ethics course as a way to
emphasize engineering-in-context and community
impact of design decisions [34]. In Observant Engi-
neering, students did two Place as Text walkabouts
in Hereford; one was on the first day and acted as an
initial introduction to the city and one was near the
end of the Toolkit in order to extend their observa-
tional learning to another part of town. In both,
students were prompted to consider questions that
have an ethical underpinning, such as what might
be missing and thus excluded from a space, or what
it might be like to experience the place from another

person’s perspective. Observing the people and
their interactions within the space heightens an
appreciation of everyday ethics such as curb cuts
that enable pushchair access or street crossing lights
that increase the safety of less mobile citizens as
they navigate the city [32].

These explorations fed into the students’ final
assessment for the module, which was to deliver a
presentation in which they described the design
flaws that they found within the city centre. Instead
of leaping to proposed solutions, keeping the focus
on problem definition requires an emphasis on
awareness and sensitivity to issues that often, if
not always, have roots in culture, identity, and
aspects of daily life [35]. In the presentations,
students were assessed on two components: how
they used and applied observational skills to diag-
nose a gap in products, processes, or services within
the city, and their analysis and reflection on their
observational learning journeys. On the whole,
students demonstrated the ability to turn a critical
eye on themselves as observers, having become
aware of their own biases, values, and perspectives.
All students scored above the pass mark for the
rubric criterion measuring this area on the final
assessment. They scored even higher on the rubric
criterion measuring their ability to use observation
to define a problem, and in doing so focused
intensely on an ethic of accessibility and safety,
and even employed elements of ethical reasoning
as they made the case for the gap they had diag-
nosed. Students still struggled to look beyond their
own particular age group, background, and needs,
making it clear that at some point within Level 4
ethics learning, a deliberate shift needs to be made
from a focus on the self as moral patient to an
awareness and sensitivity to ethical considerations
of others not like them. However, since half of the
activities within the module were explicitly designed
to spur self-analysis and self-reflection, this focus
was expected. And indeed, the experience of group
observation, discussion, and interpretation that
followed the City as Text™™ explorations indicated
that students were taking first steps in imagining
other ways of being in the world and other experi-
ences, which is key to achieving the outcome of
identifying ethical issues from the perspectives of
other stakeholders.

4. Findings, Reflection, and Action

These ethics activities were useful in achieving the
aims of Level 4 ethics learning relevant to two trial
modules. However, without an instructor framing
the issues with an ethical lens, the ability of students
to recognise and identify situations as having ethi-
cal components may diminish [29]. As Génova and
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Gonzalez show, guided discussion during and after
these sorts of activities is one way to make these
components visible and explicit to students [36].
These Socratic discussions can illuminate the ethi-
cal underpinning of the issues that students have
identified in the course of their class activities and
explain the things they have observed and consid-
ered from an ethical perspective. In other words,
ethics learning will not happen automatically: stu-
dents must be guided toward identification and
recognition of ethical issues. But this is made
easier if they have personally experienced some-
thing that can then be identified and recognised as
““ethics” rather than learning about ethical concepts
abstractly or at second-hand [37]. Additionally, it is
clear that repeated interventions like these kinds of
activities and discussions are key to effective ethics
learning because each student develops insights at
different stages and in different ways from others
[38]. It cannot be assumed that one dose of ethical
awareness activity in one module will carry forward
in the same way for everyone.

Because of the insights gained after running the
trial modules, it became clear that the ethics curri-
culum in the MEng would have to be made much
more deliberate and explicit, at least to instructors.
In a fully integrated programme where there isnot a
specific module devoted to ethics, this is the only
way to ensure that key components of ethics educa-
tion are not lost as students advance through the
degree. As Keefer and Davis explain, “an ethics
curriculum needs to be carefully crafted, appropri-
ately aligned, and adequately assessed in order to
provide opportunity for an iterative process for
reflection and adjustment” [39, p. 88]. Two crucial
components are required for success: (1) someone
to plan, deliver, and monitor that ethics instruction
and (2) cooperation of all other Module Leads in

allowing that material to be integrated into their
technical modules. While this may be difficult in
many programmes due to devolved responsibilities
or oversight, NMITE had the opportunity to inte-
grate this in the MEng as we started from scratch
and worked as a small team to lay the groundwork.

In many ways this style of ethics learning could be
similar to the communication and mathematics
learning that was already embedded throughout
the programme via the assessments. Based on
work done in Writing Across the Curriculum
efforts, and learning from the burgeoning move-
ment for Ethics Across the Curriculum, NMITE’s
Ethics Across the MEng Map was created so that
we could see what ethics outcomes and associated
knowledge and learning activities mapped onto the
individual MEng modules. Specific ethics content is
integrated within engineering modules and is
designed to support the real-world challenge form-
ing the basis of the module’s learning activities. This
content is also mapped to the Ethics Learning
Framework. An example from FHEQ Level 5
(equivalent to undergraduate second year) can be
seen in Table 2.

Additionally, ethics content was further broken
down into three categories of relevant ethics learn-
ing: (1) professional situations (conflicts of interest,
bribery, reputation, etc.), (2) ethical issues (privacy,
sustainability, EDI, etc.), and (3) moral knowledge
(justice, care, duty, utility, virtue, etc.). These con-
tent categories will be used to achieve the moral
pedagogy scaffolded across the different curriculum
levels described above. While it would be impossi-
ble to address every piece of content, a broad cross-
section of each category could be covered, and in
some cases the opportunity would be there to
repeatedly reinforce certain areas as a student
progresses through the programme. Indeed, this

Table 2. Examples of Ethics content integrated into NMITE’s MEng modules at FHEQ Level 5

Module Title Module Challenge Ethics Pedagogy Area | Ethics Outcome Ethics Integration Content
Electromagnetics in Flooding Introduce ethical Students will describe | Introduction to
Engineering. Communications theories and ethical the ethical issues that | Environmental Ethics:
System. analysis and reasoning. | are inherent in the roles | Stakeholder Mapping.
of professional
engineers.
Structural Materials Equipment Introduce ethical Students will identify Introduction to Ethical
and their Innovation. Malfunction. theories and ethical options for resolving an | Analysis with consideration of

analysis and reasoning.

ethical dilemma.

a Leaking Underground
Storage Tank.

Control Systems.

Linear Control System.

Reinforce codes of
conduct and
professional
obligations.

Students will apply a
Code of Ethics to
situations that involve
engineers, their clients,
and the public.

Codes of Ethics relevant to
Robotics and Al

Manufacturing Systems
Optimization.

Improving a
Workstation.

Reinforce ethical
awareness and ethical
sensitivity.

Students will describe
professional norms,
principles, and ideals
related to their chosen
field.

Ethical Duties and Corporate
Social Responsibility.
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material is similar to what would be found in the
content of a standalone engineering ethics module
but spread across and integrated within the entire
MEng [40].

Consultations were then held with each of the
Module Leads. The timing of these consultations
was critical because the discussions occurred at the
same time as or prior to when they were developing
the learning plans for the modules, ensuring that the
level and aim of the activity was appropriate to both
the technical challenge and the ethics curriculum
map. These discussions not only helped us know
and understand what students would be learning in
prior modules so that the ethics learning could be
coherently built upon and further developed, but
they also helped the Module Leads understand the
importance of the timing of ethics interventions and
the ways that those activities could feed into their
own learning outcomes and assessment aims. Types
of teaching methods will include those commonly
found in engineering ethics lessons including codes,
heuristics, case studies, debate and discussion, and
games [41]. Crucially, the authentic assessment
types discussed above also easily enable ethics
learning to be integrated.

Also key to the success of this ethics curricular
integration is the content of the Advanced Engi-
neering Sprints and Bachelor’s and Master’s cap-
stone Projects in Levels 6 and 7, which are the site
where all prior learning comes together, technical or
otherwise. For ethics it will be no different. The
assessments and outcomes of these modules are
written in a highly interdisciplinary way that
emphasizes social, economic, and environmental
impacts of engineering and that teases out and
highlights the ethical underpinnings of these
impacts. Too, in these advanced modules we will
be able to bring in increasing levels of ambiguity,
uncertainty, and complexity that are inherent in
real-world problems and provide the opportunity
to reveal not only a student’s ethical decision-
making skills, but also to enhance their motivation
to act and engineer ethically [42, 43]. In this way,
ethics becomes explicit at graduate-level engineer-
ing work.

5. Challenges and Limitations

NMITE recognizes that despite the promise of
enacting and sustaining such a programme of
ethics learning, there are several ongoing challenges
to overcome in order to ensure its success. First, this
comprehensive approach is self-imposed, so the
reality is that it could be self-destroyed as institu-
tional or instructional priorities shift. Fortunately,
new accreditation standards via the 4th edition of
AHEP provide support as well as a benchmark for

the expectations of including this content across the
curriculum. AHEP 4 revisions should also help
work against the challenge that is usual in every
engineering programme: technical knowledge and
skills are sometimes prioritized at the expense of
other learning when it is perceived that there isn’t
enough time to thoroughly address those [27].
However, the adoption of a combination of
approaches discussed above which include micro-
insertion and authentic assessments should help
avoid that barrier [44]. Additionally, there is much
to consider in terms of the methods by which we
would evaluate the success of this structure of ethics
learning: for instance, should this be done via
student assessments that are set within the pro-
gramme, via a separate survey instrument, or
some other way? There are still many unanswered
questions about best methods of evaluating ethics
learning and what we can learn from those assess-
ments [45]. One thing that is possible at NMITE
without excessive burden to the students is to
identify areas within assessments where explicit
ethics outcomes can be measured. Again, this will
require the collaboration of Module Leads and an
ethics education coordinator over a long-term
period.

Besides the curricular challenges are those rooted
in the different perceptions of the purpose, value,
and expectations of ethics instruction among var-
ious stakeholders [46]. Additionally, the value of
integrating ethics in technical courses is often
preached more than it is practiced [47]. And even
within NMITE’s culture where educators are hired
because of their desire to be a part of an integrated
programme of learning, there are various levels of
enthusiasm among academics to adopt these reg-
ular ethics interventions. Naturally, every Module
Lead believes (especially on a block- and acceler-
ated-delivery timetable) that all the hours are
needed to focus on their specific learning outcomes.
Fortunately, the vast majority of NMITE educa-
tors also see that ethics and communication are
embedded within their technical learning outcomes,
so that it is impossible to succeed at one without the
other.

A final challenge is that this type of ethics
curriculum requires specific expertise and motiva-
tion to establish. Besides the engineers being willing
to bring in the ethics content, the ethics instructors
have to be willing to work within the framework of
engineering education, which is not necessarily easy
or natural for each group. It’s a lot “easier” to have
asiloed, standalone engineering ethics course where
the professor has total ownership of and is only
accountable to their own outcomes and departmen-
tal expectations, rather than integrating their work
across dozens of modules and having to work
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within the context of another instructor’s disciplin-
ary content. For this reason, NMITE’s ethics
curricular plan is an exercise in diplomacy as
much as anything else. Ultimately, we hope to
adopt a ““train the trainer” approach for some of
this content so that the engineering educators
develop the competence and confidence to deliver
the ethics learning appropriate to their modules.
Indeed, this is a lifelong learning exercise for the
professors as well. Haws testifies to his own experi-
ence in this area: “Given that I have a responsibility
to ground the ethical understanding of my students,
I first need to absorb that understanding myself.
This takes time and study, requires a divergent
mind, and will call for some rather painful adjust-
ments in the way we train, select, and evaluate our
engineering instructors” [5, p. 228]. Thus, the
institution as a whole also bears some responsibility
to ensure this model is effective, by providing
professional development support for faculty,
which can be out of the control of individual
educators.

In some respects, planning the ethics integration
across the entire MEng has probably been easier
than it would be to retroactively integrate ethics
into an existing curriculum. NMITE’s founding
faculty were all aligned in their belief that ethics is
essential to engineering learning and practice, and
were willing to work with liberal studies educators
to ensure that curricular plans provided a best-case
scenario for effective ethics instruction. That said,
these activities would be replicable in other institu-
tions given the time, encouragement, and will to
enact them at a strategic as well as practical level.

Crucially, NMITE’s objective is not to simply
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