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Evidencing sustainability competencies in assessment
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Topic: Assessing sustainability competencies in engineering education.
Type: Knowledge.
Relevant disciplines: Any.

Keywords: Assessment; Design challenges; Global responsibility; Learning
outcomes; Sustainability; AHEP; Higher education; Pedagogy.

Sustainability competency: Integrated problem-solving, Critical thinking.

AHEP mapping: This resource addresses two of the themes from the UK's
Accreditation of Higher Education Programmes fourth edition (AHEP4): The
Engineer and Society (acknowledging that engineering activity can have a
significant societal impact) and Engineering Practice (the practical application of
engineering concepts, tools and professional skills). To map this resource to
AHEP outcomes specific to a programme under these themes, access AHEP

4 here and navigate to pages 30-31 and 35-37.

Related SDGs: SDG 4 (Quality education); SDG 13 (Climate action).

Reimagined Degree Map Intervention: Authentic assessment; Active
pedagogies and mindset development.

Who is this article for? This article should be read by educators at all levels of
higher education looking to embed and integrate sustainability into curriculum
design. It may also be of interest for students practising lifelong learning to
articulate and explore how their learning translates into competency
development as they embark on their careers.

Premise:


https://epc.ac.uk/toolkit/sustainability-resources-library-knowledge-tools
https://www.engc.org.uk/media/3464/ahep-fourth-edition.pdf
https://www.ewb-uk.org/reimagined-degree-map/
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Today we know that how we engineer is changing - and this change is happening
at a quicker pace than in previous decades. The decisions engineers make
throughout their careers shape the world we all inhabit. Consequently, the
education of engineers has a profound impact on society. Ensuring our degrees
are up to date is of pressing importance to prepare all future practitioners and
professionals. Arguably, it is especially important for engineers to act
sustainably, ethically and equitably.

How do engineers understand their roles when sustainability becomes a key
driver in the context of their work? What does sustainability look like in learning
journeys, and how can it be incorporated into assessments? This article does not
advocate for simply adding ‘sustainability’ to degrees; rather, it encourages

the connection between sustainability competencies and engineering
assessments.

Developing 21st-century engineers

Choosing to become an engineer is a great way to be useful to society. Studying
an engineering degree can develop what people can do (skills), what they know
(knowledge) and how they think (mindset), as well as open up a diverse range of
career opportunities.

The path to becoming an engineer can start at university (though there are other
routes in). Weaving in a focus on globally responsible engineering throughout a
degree course is about embracing the need to develop a broader set of
competencies in engineers and expand the types of projects they practise on
during their degree to reflect the problems they may encounter during their
career.

This doesn't mean that engineering degrees as they are aren’'t valuable or useful.
It's about strengthening the building blocks of degrees to ensure that 21st-
century engineers have space to play their role in addressing 21st-century
societal challenges. These building blocks are what learning outcomes are
prioritised, what pedagogies are used, the types of projects students work on,
who they work with and the way we assess learning. All of these elements can be
aggregated to develop competence in sustainable engineering practice.
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What are sustainability competency frameworks saying?

There are many frameworks exploring what are the competencies most needed
today (such as UNESCO Education for Sustainable Development

competencies, EU GreenComp, Inner Development Goals). Many frameworks are
calling for similar things that allow us to shift focus, attention and energy onto
how to truly develop a person over the three to five plus years of experience
they might gain at university.

By designing education to meet learning outcomes, you build and evidence a
range of competencies, including developing the mindsets of learners.
Practically, it is the use of different competency frameworks, and the associated
updates to learning outcomes, and how we deliver education and assessment
that really matters. The table below, in the second column, synthesises various
competency frameworks to clearly articulate what it means a learner can then
do. Rather than argue different frameworks, focusing on what a student can do
as a result is really key.



https://unesdoc.unesco.org/ark:/48223/pf0000261802
https://unesdoc.unesco.org/ark:/48223/pf0000261802
https://publications.jrc.ec.europa.eu/repository/handle/JRC128040
https://www.innerdevelopmentgoals.org/
https://www.innerdevelopmentgoals.org/
https://serc.carleton.edu/integrate/programs/workforceprep/competencies_and_LO.html
https://serc.carleton.edu/integrate/programs/workforceprep/competencies_and_LO.html
https://epc.ac.uk/toolkit/sustainability-resources-library-knowledge-tools
https://epc.ac.uk/toolkit/sustainability-resources-library-knowledge-tools
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Competency A student who displays this competency can

Systems thinking |* recognise and understand relationships
competency * analyse complex systems
= consider how systems are embedded within different domains and
scales
8 = deal with uncertainty @
O —
L] Anticipatory = understand and evaluate multiple outcomes E
-8 competency * create their own visions for the future o
8 (Future thinking) |, apply the precautionary principle g
_UOD = assess the consequences of actions 2
% = deal with risks and changes =
g Critical thinking |* question norms, practices and opinions
T competency = reflect on one’s own values, perceptions and actions
© = take a position in the sustainable development discourse
[}
0o
8 Strategic » develop and implement innovative actions that further sustainable
=4 competency = development at the local level and further afield
0
=
| Collaboration = learn from others (including peers, and others inside and outside of &
g competency their institution) 9]
g = understand and respect the needs, perspectives and actions of others “,é
0 * deal with conflicts in a group a
= facilitate collaborative and participatory problem solving 8
>
Integrated = apply different problem-solving frameworks to complex sustainable 2
problem-solving development problems
competency = develop viable, inclusive and equitable solutions
= utilise appropriate competencies to solve problems

Competency A student who displays this competency can

Self-awareness |= reflect on their own values, perceptions and actions
competency = reflect on their own role in the local community and global society

= continually evaluate and further motivate their actions %n

= deal with their feelings and desires g

Normative = understand and reflect on the norms and values that underlie one’s [l
competency actions %
=

* negotiate sustainable development values, principles,
= goals and targets, in a context of conflicts of interests and
trade-offs, uncertain knowledge and contradictions

Figure 1. Competencies for sustainable development in Advance HE and QAA (2021) and UNESCO
Education for Sustainable Development (2017).



https://www.advance-he.ac.uk/knowledge-hub/education-sustainable-development-guidance
https://unesdoc.unesco.org/ark:/48223/pf0000261802
https://unesdoc.unesco.org/ark:/48223/pf0000261802
http://epc.ac.uk/uploads/2024/03/OO5-JT-EC-1.png
http://epc.ac.uk/uploads/2024/03/OO5-JT-EC-2.png
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By reading through this table, you can see that this is more than just about
‘sustainability’ - these are useful things for a person to be able to do. Ask
yourself, what if we don't develop these in our graduates? Will they be better or
worse off?

Graduates can then build on this learning they have had at university to
continue to develop as engineers working in practice. The Global Responsibility
Competency Compass for example points practitioners to the capabilities
needed to stay relevant and provides practical ways to develop themselves. It is
made up of 12 competencies and is organised around the four guiding principles
of global responsibility - Responsible, Purposeful, Inclusive and Regenerative.

What needs to shift in engineering education?
The shifts required to the building blocks of an engineering degree are:

To adapt and repurpose learning outcomes.

To integrate more real-world complexity within project briefs.
To be excellent at active pedagogies and mindset development.
To ensure authentic assessment.

To maximise cross-disciplinary experience and expertise.

uhwnN =

All of the above need to be designed with mechanisms that work at scale. Let's
spotlight two of these shifts, ‘to adapt and repurpose learning outcomes' and ‘to
integrate authentic assessment’ so we can see how sustainability competence
relates.

Adapt and repurpose learning outcomes.

We can build on what is already working well within a degree to bring about
positive changes. Many degrees exhibit strengths in their learning outcomes
such as, developing the ability to understand a concept or a problem and apply
that understanding through a disciplinary lens focused on simple/complicated


https://www.ewb-uk.org/global-responsibility-competency-compass/
https://www.ewb-uk.org/global-responsibility-competency-compass/
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problems. However, it is crucial to maintain a balance between addressing
straightforward problems and tackling more complex ones that encourage
learners to be curious and inquisitive.

For example, a simple problem (where the problem and solution are known)
may involve ‘calculating the output of a solar panel in a community’. A complex
problem (where the problem and solution are unknown) may involve ‘how to
improve a community’s livelihood and environmental systems, which may
involve exploring the interconnectedness, challenges and opportunities that may
exist in the system.

Enhancing the learning experience by allowing students to investigate and
examine a context for ideas to emerge is more reflective of real-world practice.
Success is not solely measured by learners accurately completing a set of
problem sets; rather, it lies in their ability to apply concepts in a way that creates
a better, more sustainable system.

See how this rebalancing is represented in the visual below:

Rebalance learning within degrees
to be relevant to the future we face.

o

This side is generally

... yet we need more
o::c"l'%l:::d of this side in

Howand

Inquisitive
mindest
What to do

taught within
engineering degrees
today...

sjenjeny

degrees so engineers
can be fully prepared

Explain ideas or concepts

Understand
@s|seyjus pue sujwex3z

uoIS108p € AJS|IES PUe UOfeuLoju)

Adapted from Armstrong 2010
UNESCO 2017 and Kamp 2020


http://epc.ac.uk/uploads/2024/03/OO5-JT-EC-3.png
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Figure 2. Rebalancing learning within degrees to be relevant to the future we face. Source:
Engineers Without Borders UK.

Keeping up to date and meeting accreditation standards is another important
consideration. Relating the intended learning outcomes to the latest language
associated with accreditation requirements, such as AHEP4 (UK), ABET (US) or
ECSA (SA), doesn't mean you have to just add more in. You can adapt what
you've already got for a new purpose and context. For instance, the Engineering
for One Planet framework’s 93 (46 Core and 46 Advanced) essential
sustainability-focused learning outcomes that hundreds of academics,
engineering professionals, and other key stakeholders have identified as
necessary for preparing all graduating engineers — regardless of subdiscipline
— with the skills, knowledge, and understanding to protect and improve our
planet and our lives. These outcomes have also been mapped to AHEPA4.

Integrate authentic assessment:

It is important that intended learning outcomes and assessment methods are
aligned so that they reinforce each other and lead to the desired competency
development. An important distinction exists between assessment of learning
and assessment as or for learning:

1. Assessment OF learning e.g. traditional methods of assessment of
student learning against learning outcomes and standards that typically
measure students’ knowledge-based learning.

2. Assessment AS/FOR learning e.g. reflective and performance-based (e.g.
self-assessments, peer assessments and feedback from educators using
reflective journals or portfolios) where the learning journey is part of the
assessment process that captures learners’ insights and critical thinking,
and empowers learners to identify possibilities for improvement.

Assessment should incorporate a mix of methods when evaluating aspects like
sustainability, to bring in authenticity which strengthens the integrity of the
assessment process and mirrors how engineers work in practice. For

example, University College London and Kings College London both recognise



https://engineeringforoneplanet.org/transforming-curricula/eop-framework/
https://engineeringforoneplanet.org/transforming-curricula/eop-framework/
https://engineeringforoneplanet.org/transforming-curricula/eop-framework/
https://epc.ac.uk/toolkit/essential-sustainability-focused-learning-outcomes-mapped-to-ahep4
https://www.autodesk.com/autodesk-university/class/Scaffolding-of-a-create-first-pedagogy-with-modeling-and-simulation-at-one-of-the-UKs-oldest-universities-2023
https://www.kcl.ac.uk/research/democratizing-assessment-rubrics-more-accessible-international-students

o -!:..-'-" . X
ngneeingbrotesers 65 o Engimeerng  SIEMENS

ol

SUSTAINABILITY o @

Toolkit PY

that critical evaluation, interpretation, analysis, and judgement are all key skills
which will become more and more important, and making assessment rubrics
more accessible for students and educators. Authentic assessment can mirror
professional practices, such as having learners assessed within design reviews,
or asking students to develop a portfolio across modules.

Engineers Without Borders UK | Assessing competencies through design
challenges:

Below is an example of what Engineers Without Borders UK has done to
translate competencies into assessment through our educational offerings.

The Engineering for People Design Challenge (embedded in-curriculum focuses
on placing the community context at the heart of working through real-world
project-based learning experiences) and Reshaping Engineering (a co-curricular
voluntary design month to explore how to make the engineering sector more
globally responsible). The competencies in the Global Responsibility Competency
Compass are aligned and evidenced through the learning outcomes and
assessment process in both challenges.

Please note - the Global Responsibility Competency Compass
points practitioners to the capabilities needed to stay relevant and provides
practical ways to develop themselves.

o For educators looking to keep curriculum and learning outcomes
relevant, the Compass provides a useful framing to inform learning
outcomes throughout the curriculum that encourages lifelong learning for
emerging engineers or supports the reskilling of engineering
professionals (to pursue topics that may have been absent from the user’s
formal education), and constantly evolving their competency through
educational activities.

« For students, this may be of interest as you begin your journey as future
engineering professionals and student members of professional
engineering institutions exploring what continued professional
development you wish to pursue in your careers.


https://www.ewb-uk.org/upskill/design-challenges/engineering-for-people-design-challenge/
https://www.ewb-uk.org/reshaping-engineering/
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See below an example of the logic behind translating competencies acquired by

participants to assessment during the design challenges.

Global Responsibility Participants LOs
the end of the experience,
Competency Compass By :
participants will be able to...

Creative Collaborator (mindset)
Seeks opportunities for experimenting,
partnership and collaboration at all levels and Y mm&"“ ne.1:Become s creste,
with s broed range of actors who represent a Blooms |Apply & mm’_rm_eablluy tointeract and collaborate sssHon O aod
range of perspectives, worldviews, Evaluste, yteams 1o, " AS Leaming
demographics, and expertise to gecolerate globally responslb(e solutions.

Rrogress and find inclusive evidence-based

solutions,

Professional Value (kn: ,‘.,\,.,,‘,(. LumlnaOutoomoz strcngmonyour

value
C_Qmml[; lgp_rgm_us.l_ tal Leaming orientated
npact within Muonmiklnummmﬂmon Blooms | Create & M_ﬂmgabillly[lo ‘%ﬁ:’ffﬂ?m the r¢ \n Assessment AS
lhe role and responsibility of engineering to Evaluate v through investigating Leaming

positively and negatively affect societal change. ,WI?:MW sector to

Sound Reasoning (skills)

Conlinuously takes an evidence-based approach
to uphold an ethical practice. Handles broad,
partial and subjective evidence to make

Learning Outcome 3 - Develop your sound
reasoning skills

Design solutions that uphold global responsibility
across their life-cycle by interrogating the role of

long-term whole-lif engineering for people and planet.
Utalics - action words/verbs Utalics - action words/verbs
Bold - Context of learning Bold - Context of learning
Colour - Outcome of learning Colour - Outcome of learning

Assessment OF
Leamning

How is this represented in
the Marking Criteria

Areas
1.How well your team collaborated
a.Evidence of mﬂ&mmm

team members and seeking insight and
wisdom from others.

Areas
1.Each team members learning journey
a. mmlm; to leaming through SMART

1 to mak globally

a. Practice designing for positive change in
the engineering sector.

ooy
Bold - Context of learning
Colour - Area of assessment

Figure 3. Example of the logic behind translating the Global Responsibility
Competency Compass to assessment during the design challenges. Source: Engineers

Without Borders UK.

The Competencies developed through the educational offering are
orientated around the Global Responsibility Competency Compass
to align with the learning journey from undergraduate to practising
globally responsible individuals in learners’ future careers.

2. We then align learning outcomes to the competency and purpose
of the design challenge using simple and concise language.

a. Useful resources that were used to help frame, align and iterate the learning
outcomes and marking criteria are shared at the end of this article.

3. The Marking Criteria draws on the assessment methods
previously mentioned under ‘Assessment OF and ‘Assessment
AS/FOR’ while aligning to the context of intended learning i.e.
design focussed, individual journals reflecting on the learning

journey, and collaborating in teams.


http://epc.ac.uk/uploads/2024/03/OO5-JT-EC-4.png
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4. We frame and align key action words fromm Competency to
learning outcome to marking criteria using Bloom’s taxonomy (in
Figure 2) to scale appropriately, the context of learning and what
the intended outcome of learning/area of assessment would be.

Conclusions:

How your students think matters. How they engage in critical conversations
matters. What they value matters. How we educate engineers matters.

These may feel like daunting shifts to make but developing people to navigate
our future is important for them, and us. Sustainability competencies are
actually about competencies that are useful - the label ‘sustainability’ may or
may not help but it's the underlying concepts that matters most. The
interventions that we make to instil these competencies in the learning journeys
of future engineers are required - so degrees can be continuously improved and
will be valuable over the long term. Making assessment mirror real practice
helps with life-long learning. That's useful in general, not just about
sustainability. This is a major opportunity to attract more people into
engineering, keep them and enable them to be part of addressing urgent 21st
century challenges.

“Sustainability is more than a word or concept, it is actually a culture, and if we aim

to see it mirrored in the near future, what better way exists than that of planting it in

the young hearts of today knowing they are the leaders of the tomorrow we are not
guaranteed of? It is possible.”

2021 South African university student (after participating in the Engineering for
People Design Challenge during their degree course)

Useful resources:
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There are some excellent resources out there that help us understand and
articulate what sustainability competencies and learning outcomes look like, and
how to embed them into teaching, learning and assessment. Some of them were
used in the example above. Here are some resources that we have found useful
in translating the competencies in the Compass into learning outcomes in our
educational offerings:

o Bloom's Taxonomy: a hierarchical model that categorises learning
objectives into levels of complexity is a useful model to explore the
proficiency of learning outcomes (and used in many of the resources in
this list). You can use the verbs outlined in Bloom's Taxonomy to modify
or scale up the proficiency of your learning outcomes within the context
of the programme and accreditation requirements. This is useful if you
are unable to replace or introduce new learning outcomes into your
module or programme.

o Using Bloom's Taxonomy to teach sustainability in multiple contexts

« Engineering for One Planet Framework and guide to teaching core
learning outcomes: contains a curated list of core and advanced
sustainability-focused student learning outcomes to help educators
embed sustainability into engineering education, which can be adapted as
needed to the context of learning.

o Engineers Professors Council Ethics Toolkit Using a constructive alignment
tool to plan ethics teaching: a tool to reinforce the ethical dimension of
engineering and encourages the ethical development of engineer used at
Aston University and endorsed by the CDIO.

o Kamp, A. (2020) Navigating the Landscape of Higher Engineering
Education: Coping with decades of Accelerating change ahead: explores
the changing needs for engineering graduates to deal with complexity and
highlights what type of skills fall under ‘How and when to do it’ and ‘What
to do and why' mindsets.

o UNESCQO'’s Education for Sustainable Development Goals 2017:
emphasises that to develop competencies in sustainable development,
education needs to transition to learning that is ‘action-orientated and
supports self-directed learning, participation and collaboration, problem-



https://www.sciencedirect.com/science/article/abs/pii/S0959652612005100
https://engineeringforoneplanet.org/
https://epc.ac.uk/toolkit/using-a-constructive-alignment-tool-to-plan-ethics-teaching/
https://www.4tu.nl/cee/publications/navigating-the-landscape-of-higher-engineering-education-4tu.cee-web-def.pdf
https://www.4tu.nl/cee/publications/navigating-the-landscape-of-higher-engineering-education-4tu.cee-web-def.pdf
https://unesdoc.unesco.org/in/documentViewer.xhtml?v=2.1.196&id=p::usmarcdef_0000247444&file=/in/rest/annotationSVC/DownloadWatermarkedAttachment/attach_import_82603519-4d73-431c-9324-8e0dcc1b6b1e%3F_%3D247444eng.pdf&locale=en&multi=true&ark=/ark:/48223/pf0000247444/PDF/247444eng.pdf#815_18_Learning%20Objectives_int_En.indd%3A.121507%3A372
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orientation, inter-and transdisciplinarity, and links formal and informal
learning together'.

o UNESCQO's Engineering for Sustainable Development 2021: describes how
the Cynefin framework is a useful way of understanding how teaching and
learning methods are combined with the increasing need to understand
complexities that nurture different competencies.

e The World Economic Forum Future of Skills Report 2020 and 2023:
highlights the skills needed for 2025 including creativity, critical thinking
and navigating complexity.

e The Green Edge | Moving from ‘should’ to ‘shall’: discusses the challenges
of having a ‘universal’ sustainability competency framework.

o Kolmos et al. (2016) Response strategies for curriculum change in
engineering (2016): identified the three curriculum strategies (add-on,
integrate, rebuild) that can facilitate change.

« Redman et al. (2021) Current practice of assessing students’ sustainability
competencies: a review of tools (2021): explores tools are currently used
for assessing students’ sustainability competencies and provides guidance
to sustainability (science) instructors, researchers, and program directors
who are interested in using competencies assessment tools in more
informed ways.

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0
International License.

Any views, thoughts, and opinions expressed herein are solely that of the author(s)
and do not necessarily reflect the views, opinions, policies, or position of the
Engineering Professors’ Council or the Toolkit sponsors and supporters.


https://unesdoc.unesco.org/ark:/48223/pf0000375644.locale=en
https://www.weforum.org/publications/the-future-of-jobs-report-2020/in-full
https://www.weforum.org/publications/the-future-of-jobs-report-2023/
https://greenedge.substack.com/p/moving-from-should-to-shall?utm_campaign=email-post&r=ftfid&utm_source=substack&utm_medium=email
https://link.springer.com/article/10.1007/s10798-015-9319-y
https://link.springer.com/article/10.1007/s10798-015-9319-y
https://link.springer.com/article/10.1007/s11625-020-00855-1
https://link.springer.com/article/10.1007/s11625-020-00855-1
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

