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About this statement

This QAA Subject Benchmark Statement for Physics, Astronomy and Astrophysics
(often shortened to Physics within this Statement) defines what can be expected
of a graduate in terms of what they might know, do and understand at the end of
their studies. Subject Benchmark Statements are an established part of the quality
assurance arrangements in UK higher education, but not a regulatory
requirement. They are sector-owned reference points, developed and written by
academics. Subject Benchmark Statements also describe the nature and
characteristics of awards in a particular discipline or area. Subject Benchmark
Statements are published in QAA’s capacity as an expert quality body on behalf of
the higher education sector. A summary of the Statement is also available on the
QAA website.

Key changes from the previous Subject Benchmark Statement include:

. a revised structure for the Statement, which includes the introduction of
cross-cutting themes of:
- equity, diversity and inclusion
- accessibility and the needs of disabled students
- education for sustainable development
- employability, entrepreneurship and enterprise education
- generative artificial intelligence

. a comprehensive review updating the context and purposes, including
course design and content, in order to inform and underpin the revised
benchmark standards.

How can I use this document?

Subject Benchmark Statements are not intended to prescribe any particular
approaches to teaching, learning or assessment. Rather, they provide a
framework, agreed by the subject community, that forms the basis on which those
responsible for curriculum design, approval and updating can reflect upon a
course, and its component modules. This allows for flexibility and innovation in
course design while providing a broadly accepted external reference point for
that discipline.

They may also be used as a reference point by external examiners when
considering whether the design of a course and the threshold standards of
achievement are comparable with those of other higher education providers.
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Furthermore, Statements can support professional, statutory and regulatory
bodies (PSRBs) with their definitions and interpretations of academic standards.

You may want to read this document if you are:

. involved in the design, delivery and review of courses in Physics,
Astronomy or Astrophysics

. a prospective student thinking about undertaking a course in Physics,
Astronomy or Astrophysics

. an employer, to find out about the knowledge and skills generally

expected of Physics, Astronomy or Astrophysics graduates.

Relationship to legislation

The responsibility for academic standards lies with the higher education provider
which awards the degree. Higher education providers are responsible for meeting
the requirements of legislation and any other regulatory requirements placed
upon them by their relevant funding and regulatory bodies. This Statement does
not interpret legislation, nor does it incorporate statutory or regulatory
requirements.

The status of the Statement will differ depending on the educational jurisdictions
of the UK. In England, Subject Benchmark Statements are not sector-recognised
standards as set out under the Office for Students' requlatory framework.
However, Subject Benchmark Statements are part of the current quality
arrangements in Scotland, Wales and Northern Ireland. Because the Statement
describes outcomes and attributes expected at the threshold standard of
achievement in a UK-wide context, many higher education providers will use them
as an enhancement tool for course design and approval, and for subsequent
monitoring and review, in addition to helping demonstrate the security of
academic standards.

Additional sector reference points

Higher education providers are likely to consider other reference points in
addition to this Statement when designing, delivering and reviewing courses.
These may include requirements set out by PSRBs and industry or employer
expectations. In 2024, QAA published an update to the Quality Code, which will be
helpful when using this Statement.
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https://www.officeforstudents.org.uk/media/53821cbf-5779-4380-bf2a-aa8f5c53ecd4/sector-recognised-standards.pdf
https://www.officeforstudents.org.uk/media/53821cbf-5779-4380-bf2a-aa8f5c53ecd4/sector-recognised-standards.pdf
https://www.officeforstudents.org.uk/advice-and-guidance/regulation/the-regulatory-framework-for-higher-education-in-england/
https://www.qaa.ac.uk/the-quality-code

Explanations of unfamiliar terms used in this Subject Benchmark Statement can
be found in QAA’s Glossary. Sources of information about other requirements and
examples of guidance and good practice are signposted within the Statement

where appropriate.
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https://www.qaa.ac.uk/glossary

1 Context and purposes of a Physics,
Astronomy or Astrophysics degree

What is Physics?

1.1 Physics is concerned with the observation, understanding and prediction
of natural phenomena and the behaviour of fabricated systems. Astronomy and
Astrophysics courses generally include a core of Physics as well as (but need not
be limited to) the application of physical principles to astrophysical systems. In
this Statement we will therefore use 'Physics’ to refer to all of Physics, Astronomy
and Astrophysics.

1.2 Physics deals with profound questions about the nature of the universe
and with some of the most important practical, environmental and technological
issues of our time - examples are energy, climate and sustainability. Its scope is
broad and involves mathematics and theory, experiments and observations,
computing and technology.

1.3 Physics provides ideas and techniques which drive developments in
related disciplines, including chemistry, computing, engineering, materials
science, mathematics, medicine, biophysics and the life sciences, geophysics and
earth sciences, meteorology, environmental science, statistics, and archaeology
and the preservation of cultural artefacts.

1.4 Physics is characterised by the idea that systems can be understood by
identifying a few key quantities, such as energy and momentum, and the universal
principles that govern them. Part of the appeal of the subject is that there are
relatively few such principles and that these apply throughout science and not just
in Physics. The laws of mechanics are a good example; first deduced from
observations of planetary motion, they govern systems familiar from everyday life
as well as many of the phenomena observed in the movement of stars and
galaxies.

1.5 To make quantitative predictions, Physics uses theoretical models usually
expressed in mathematical terms and often involving approximations. The types
of approximation used to find satisfactory models of experimental observations
turn out to be very similar whether the underlying laws are those of classical
physics, statistical mechanics or quantum theory. Typically, an idealised model of
some phenomenon is established, the equations for the model are solved and the
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results related back to what is observed experimentally. Sometimes a model turns
out to be appropriate in very different circumstances to that for which it was
originally devised. For example, the degenerate Fermi gas model describes the
behaviour of electrons in both a metal and a white dwarf star.

1.6 Computational approaches are also central to Physics. They have become
essential in modelling systems from the subatomic, through materials, to the
cosmological scale and in the analysis of large data sets. Increasingly, Physics
develops deep-learning algorithms and artificial intelligence (AI) to understand
and simulate physical systems.

1.7 Physics is an empirical science. The skills and methods used to make
measurements are an integral part of Physics and a crucial test of the validity of
any self-consistent theory is whether it agrees with experiments. Many important
discoveries are made as the result of the development of new experimental
techniques or instrumentation. For example, the techniques developed to liquefy
helium subsequently led to the totally unexpected discovery of superconductivity,
superfluidity and the whole field of low temperature Physics. Instruments
developed originally in Physics can find applications in other branches of science
and elsewhere. For example, the synchrotron radiation emitted by electrons in
accelerators, which were originally designed to study elementary particles, is now
used to study the properties of materials in engineering, biology and medicine.

1.8 Progress in Physics requires imagination and creativity. It is often the
result of collaboration between physicists from a diverse range of backgrounds
(culturally, in terms of neurodiversity, and in the sense of sub-fields of Physics as
well as experimentalists, computational physicists or theorists) and can involve
the exchange of ideas and techniques from outside Physics. Examples include
chemistry, computing, engineering, the life sciences and mathematics.

1.9 Studying Physics brings benefits that last a lifetime. These include:

. a practical approach to problem-solving, often using mathematical
formulation and solution

. the ability to reason clearly and communicate complex ideas

. familiarity with information and communication technologies

. ability to judge statistical presentation of results

. acquisition of self-study, collaborative and teamwork skills

. determination, persistence, patience and the ability to appreciate delayed

gratification
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. the pleasure and satisfaction that comes from being able to understand
the latest discoveries in science and contribute to sustainable
development in society

. the ability to work collaboratively as part of a wide and interdisciplinary
team of practitioners.

1.10 Physics graduates find employment across a wide range of established
and developing fields, including engineering, technology, biotechnology,
geophysics, and medicine, along with finance, information technology (IT),
education and management.

Purposes and characteristics of a Physics,
Astronomy or Astrophysics degree

1.11 A Physics degree develops a deep understanding of the underlying
principles of Physics and how they explain phenomena observed in the physical
world from the subatomic scale to the largest scale of the universe. Building the
capacity to describe the physical world provides a vehicle for the student to
acquire problem-solving skills, a knowledge of applicable mathematics, an
appreciation of experimental techniques and data analysis, an ability in coding,
and communication and teamwork skills. This combination of skills makes Physics
graduates highly employable in roles which directly involve Physics and a
multitude which do not.

1.12 Degrees in Physics include the more general and fundamental topics of
Physics alongside sustainable development in physics and the wider world and a
selection of more advanced topics. Courses vary in the emphasis given to
different areas of Physics. For example, theoretical physics courses generally
include more mathematical and computational skills, usually replacing much or
possibly all conventional laboratory work.

1.13 Applied physics courses often have a technological focus. Some degree
courses offer placements in schools, higher education provider research groups or
industry. Joint and dual honours courses vary in the amount and extent of Physics
content, depending on the precise definition and title of the course in question,
but still cover the fundamental topics of Physics. In addition to this, integrated
master's degree courses provide a greater depth of knowledge that is frequently
informed by current research, further development of subject-specific skills and
enhanced project work.
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1.14 Physics courses cater for students planning fo move on to research and
development (in industry or academia), as well as for students looking for a

broad-based Physics education which will make them numerate, articulate and
employable (see the section on Employment, enterprise and entrepreneurship).

1.15 The fundamental areas of Physics - which all Physics degrees will cover to
some extent - include classical mechanics, relativity, quantum physics,
electromagnetism, thermodynamics and statistical physics, the physics of light
and waves, and the properties of matter. All Physics degrees will provide students
with an appreciation of underlying principles which cross the fundamental areas -
for example, principles of equilibrium and conservation laws.

1.16 As part of a Physics degree, students also study the application of
fundamental principles to particular areas. These may include (but need not be
limited to) astrophysics, atomic physics, environmental physics, fluids, geophysics,
hard and soft condensed matter, materials, biophysics and biotechnology medical
physics, nuclear and particle physics, advanced or applied optics and plasmas, as
well as the application of Physics to other disciplines.

1.17 Astronomy and Astrophysics degrees typically extend this core to cover
topics generally including (but not limited to) cosmology, the structure, formation
and evolution of stars and galaxies, planetary systems, and high-energy
phenomena in the universe.

1.18 Physics degrees provide students with an appreciation of recent
developments in Physics and related developments in the wider sciences and
world and will cover some of the fundamental areas to sufficiently advanced level
to enable students to engage with current scientific research literature.

1.19 All Physics degrees cover to some extent:

. mathematics; an essential part of Physics, where students gain sufficient
mathematical skills fo enable modelling of the physical world
. computing, including code development and use of software packages; in

some Physics courses students will cover additional topics, for example,
computational and numerical methods, machine learning, control of
experiments and the acquisition of data

. problem solving, both practical and theoretical

. estimation and approximation, including an understanding of inherent
uncertainty and appreciation of limitations

. an appreciation of how to plan and execute experiments or simulations
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. project management and the ability to perform open-ended investigations

. data analysis and visualisation

. an appreciation of how Physics applies to significant global challenges
today including the environmental, social and problems of inequity.

1.20  Physics graduates will have developed professional skills, including:

. the ability to approach new problems flexibly and adaptability

. clear communication of complex data and ideas using media appropriate
to the information being conveyed and the audience receiving it

. the ability to work both individually and collaboratively in diverse teams

. time and deadline management

. critical analysis of their own and others' work

. the ability to identify the potential ethical issues in their work

. an appreciation that to fabricate, falsify or misrepresent data or to

commit plagiarism constitutes unethical scientific behaviour. A
professional physicist should be objective, unbiased and truthful in all
aspects of their work and recognise the limitations of their experimental
techniques and calculations and, more fundamentally, their knowledge

. an understanding of what constitutes a safe and environmentally
sustainable working environment

. an appreciation of environmental and sustainability issues

. knowledge of professional practice. Some examples may include business

awareness, environmentally sustainable workplace practice, project
management, entrepreneurship and intellectual property.

1.21 The threshold standards in paragraphs 4.4-4.5 in section 4 provide some
further detail of subject knowledge, understanding and generic skills.

Equality, diversity and inclusion

1.22 Physics is fundamental to understanding the world around us and should
be open to all through inclusive teaching covering the wide range of experiences,
cultures and backgrounds of students. Physics can only be truly open to all when
the defining equity, diversity and inclusion (EDI) principles and spirit of the
Equality Act (covering England, Scotland and Wales) and related legislation that
applies to Northern Ireland, are embedded in Physics culture, curricula, teaching
and assessment methods. Protected characteristics (including age; gender
reassignment; being married or in a civil partnership; being pregnant or on
maternity leave; disability; race including colour, nationality, ethnic or national

Physics, Astronomy W
and Astrophysics SBS

student review | 10



https://www.legislation.gov.uk/ukpga/2010/15/contents
https://www.legislation.gov.uk/nisi/2005/1117/contents
https://www.legislation.gov.uk/nisi/2005/1117/contents
https://www.equalityhumanrights.com/equality/equality-act-2010/protected-characteristics?return-url=https%3A%2F%2Fwww.equalityhumanrights.com%2Fsearch%3Fkeys%3Dprotected%2Bcharacteristics

origin; religion or belief; sex and sexual orientation) and personal circumstances
(such as caring responsibilities or regional or more general economic
disadvantage) can all affect the way in which individuals experience the world
and the way they are perceived by others. In Physics, the contribution of every
individual should be welcomed, enabled and encouraged and biases should be
constantly challenged.

1.23 The Physics curriculum encompasses subject content, delivery,
engagement, assessment methods, and the professional practices that students
prepare for. It should reflect the diversity of people, ideas and applications that
contribute, and have contributed, to the development of the discipline and make
use of its discoveries. Physics is of global relevance, and, as such, is a global
collaboration. We should acknowledge the past, learn from it, and move forward
with a positive attitude to the future.

1.24  The Physics curriculum should be inclusive with all activities being
accessible to all students. Where this is not possible, suitable alternatives should
be provided to allow all students to meet the learning outcomes, while
maintaining a sense of belonging and acceptance. Physics students will build an
awareness of EDI to enable them to accept and support their peers and staff, and
to be equipped as graduates to enter the employment arena and work in a
professional manner. The curriculum should not have any compulsory or optional
elements where some students are discriminated against or made unwelcome or
unsafe. For example, when planning placement and field trip locations, care
should be taken to verify that there is minimal risk of discrimination on the basis
of protected characteristics. Additionally, curriculum teams should work to
decolonise their curriculum and recognise the of work of physicists from
marginalised backgrounds.

1.25 The principles of equity, diversity and inclusion are effectively maintained
when all individuals are offered equivalent opportunities and share the same
responsibilities to embody them in their practice. EDI principles should appear
throughout learning, teaching, practicing and supporting Physics, and permeate
the staff and student environments.

1.26 Physics recognises it has historically been a heterogenous field dominate
by white men. Positive steps should be taken to eradicate harmful stereotypes
and language, to remove barriers to inclusivity, and to challenge systemic and
structural disadvantages impacting specific cultural or social groups. Ways to
achieve this include ensuring equitable care is taken to support the hiring and
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retention of staff from underrepresented backgrounds and characteristics,
providing implicit bias training to staff and students, creating space for staff and
students to voice their concerns around and experiences of harmful stereotypes,
and creating partnerships between students and staff, empowering all to make
meaningful contributions in a respectful environment. All are responsible for
building an inclusive culture.

Accessibility and the needs of disabled students

1.27 Accessibility involves enabling access for people with differing individual
requirements, eliminating unnecessary barriers to successful learning and
assessment. Physics courses can give all students the opportunity to thrive,
maintaining a sense of belonging and acceptance; students should be offered
learning and assessment opportunities that are equally accessible to them, by
means of inclusive design wherever possible and by means of reasonable
individual adjustments where necessary. People with differing individual
requirements may refer to disabled students, students seeking a diagnosis, non-
disabled students with health issues impacting their learning, distance learners
and students with financial difficulties, as well as other disabled stakeholders e.g.
staff, presentation attendees, prospective students, visitors.

1.28 Inclusive design is defined as any process that anticipates the
requirements of all students in the design, delivery and assessment of the
curriculum and all processes that involve students from matriculation to
graduation. The aim of inclusive design is to allow all students to participate fully
in all learning and assessment activities.

1.29 Entry to Physics courses should be equitable and not influenced by any
perceptions by staff or students of barriers to learning. Entry criteria can and
should account for non-standard qualifications and non-academic or career-
based experience to allow students from more diverse educational backgrounds
who still hold the prerequisite knowledge and skills to join the course.

130  Course teams should take full advantage of the guidance and
interpretation of legislative principles set out in the Disabled Student
Commitment. They should ensure that all students are provided with appropriate
and inclusive support and training to develop the key knowledge, skills and
behaviours outlined in this Statement. It is important for course teams to consider
the accessibility of their communications to students. Parficular attention should
be given to the accessibility of laboratories, computing activities, and
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https://s3.eu-west-2.amazonaws.com/assets.creode.advancehe-document-manager/documents/advance-he/The%20Disabled%20Student%20Commitment_1681910327.pdf
https://s3.eu-west-2.amazonaws.com/assets.creode.advancehe-document-manager/documents/advance-he/The%20Disabled%20Student%20Commitment_1681910327.pdf

mathematical and graphical content. Flexibility of delivery can improve
accessibility to learning for a diverse community. A mix of synchronous and
asynchronous delivery can be beneficial for a broad range of learners who may
face barriers, especially, but not restricted to, disabled and neurodivergent
students. Associated enabling technology is required to capture the live display of
written material and ensure accurate captions.

1.31 Within physical learning spaces consideration of space for mobility aids
including wheelchairs and crutches, support workers, the visibility of boards and
other display equipment and audibility of session leaders and presentation
material is essential.

1.32 Adaptive technologies are important in removing barriers to access and
are rapidly developing. However, at the time of writing, mainstream adaptive
technologies do not effectively support students to engage with some areas that
are critical to the discipline, for example, computer programming, mathematics,
and diagrammatical content. Higher education providers should provide the
resources necessary to mitigate these limitations by, for example:

. acknowledging the special needs of Physics and the deficiencies in many
adaptive features of mainstream technology by providing additional
resources which may not be needed by subjects where the medium is
primarily text based

. providing academic staff with specialist technical support to solve
particular digital accessibility challenges
. providing or assisting staff and students to access special hardware and

software to better access Physics content through programmes or
financial assistance
. creatively addressing challenges which, at the time of writing, remain.

1.33 All practical efforts should be made to ensure equal access to
extracurricular activities such as placements and volunteering opportunities,
given the additional challenges faced by some students and the hidden costs
often involved.

1.34 Providers should seek to ensure that their courses are well curated. Well-
curated courses benefit all students by promoting good mental health and well-
being and reduce the administrative burden and cognitive load on disabled
students. Well-curated courses include clearly communicated learning
opportunities, assessments that are appropriately spaced and particular support
when concepts and skills are initially intfroduced.
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1.35 Assessment design should anticipate and remove potentially irrelevant or
context-dependent barriers that are irrelevant to knowledge, skills or abilities
measured by the assessment. For example, consideration should be given to
whether a student will be exposed to distracting and needless imagery; be
unfamiliar with the assumed context, customs or colloquialism of a task.

1.36 Physics course teams should engage with students and with the relevant
student support services to discuss and implement reasonable individual
adjustments where necessary.

1.37 Higher education providers should ensure Physics course teams have the
appropriate training and resources to implement accessibility in practice.

1.38 Wherever possible, accommodations should be ‘baked in’ to courses, to
minimise the need for tailored reasonable adjustments and instead support
students to access a supportive course as is.

Education for sustainable development

1.39 Sustainability focuses on meeting the needs of the present generation
without compromising the ability of future generations to meet their own needs.
The United Nations Sustainable Development Goals (UN SDGs) and the principles
of sustainability and social justice as a whole extend far beyond sustainable
energy and climate change. They include gender equality, food production and
provision, clean water, health, education, and biodiversity and Physics is central to
contfinued progress towards the goals. Physics students acquire valuable subject
knowledge related to the SDGs, as well as a wide range of transferable skills.
Throughout their studies, Physics students gain experience in critically analysing
information and drawing conclusions based on data. The ability to distil
information, and formulate and tackle problems is critical to addressing almost all
of the SDGs.

140  Education for Sustainable Development (ESD) should equip students with
the knowledge, skills, attributes and values required to pursue sustainable visions
of the future and allows Physics students to consider and critically evaluate the
interrelatedness of the values that underpin sustainability. Embedding the
Sustainable Development Competencies into teaching and assessment is one
method of achieving this. Physics courses should also enable graduates to make
informed decisions, act as agents for change and explore sustainability, social
justice and democratic action in a personal, profession, community, national and
global context.
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https://sdgs.un.org/goals
https://www.qaa.ac.uk/the-quality-code/education-for-sustainable-development
https://www.unsdglearn.org/unesco-cross-cutting-and-specialized-sdg-competencies/

1.41  As well as providing an intellectual framework, Physics offers crucial
instrumentation which provides data to quantify problems. Feeding this data into
physical models guides potential solutions; these contributions occur in all SDGs
but most directly those which have a physical science component.

1.42 Physics underpins many of the current and emerging technologies that are
required to achieve SDGs in areas such as energy, innovation, growth, sustainable
communities and production, human and animal health, food security, planetary
health and biodiversity. For example, thermal and statistical physics is the
foundation to the energy and climate SDGs, both in understanding the problems
and framing (and constraining) approaches to solutions or mitigation
technologies. The former is illustrated by the deduction of paleotemperatures
from ice cores. The latter is illustrated by the limitations on current development
of the most efficient multi-stage photocells to generate clean power. An example
which has already had an immense impact in energy consumption is the invention
of light-emitting diodes (LEDs) which have a 75% reduction on the waste heat
emitted from conventional incandescent bulbs

1.43 Physics students are trained to communicate in clear, concise language.
Communication of complex information to both specialist and general audiences
is needed to tackle global challenges which cover diverse topics and consider the
needs of a wide range of communities.

144  The broad skills developed during a Physics degree allow Physics
graduates to pursue a diverse range of careers. Embedding knowledge of the
SDGs in the Physics curriculum ensures that graduates entering a wide variety of
fields are equipped to contribute to solutions for a more sustainable world both
through research and development and through policy recommendations and
advocacy. Embedding may be achieved through:

. appropriate examples on problem sheets

. project work on addressing sustainability themes

. modules focusing directly on the role of Physic in addressing a specific
sustainability issue

. discussions of inequalities in the context of, for example, professional

ethics, protected characteristics and/or equality, diversity and inclusion
along with historic inequality

. providing lectures on sustainability subjects within a wide variety of
modules
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. facilitation of collaboration with other higher education departments, or
external bodies on sustainability related projects.

1.45 Further, teaching in Physics courses should demonstrate behaviours and
practises that promote sustainable development while respecting the needs of
modern Physics education. This includes using modern technology responsibly
while minimising negative impacts on the natural environment and quality of
urban environments by avoiding unnecessary waste production, using renewable
energy sources, and integrating inclusive and accessible practises rather than
presenting them as add-ons.

Employability, enterprise and entrepreneurship
education

1.46 Enterprise is the generation of novel ideas and their application to create
practical action, combining creativity, innovation, adaptability, problem solving,
communication, advocacy and reflective practice. Entrepreneurship is acting on
novel ideas and opportunities to create cultural, social, environmental or
economic value. Employability is the combination of skills, knowledge and
behaviours that helps individuals become more likely to gain employment and
succeed in their chosen careers.

1.47 Enterprise and entrepreneurship education supports skills, knowledge and
behaviours that are likely to have a significant impact on the individual student in
terms of their career awareness and future career success, benefitting
themselves, society, the environment and the economy.

1.48 Physics graduates are valued for their innovative and analytical
approaches to problem solving and their wide range of transferable skills, as
detailed in this document. Physics graduates go on to employment in many
sectors, including technology, healthcare, IT, finance, management and
education. Their work may encompass fast-growing or emerging technology
sectors, including renewable energies, the space industry, biotechnology, artificial
intelligence and machine learning, and financial technology.

1.49 Physics course teams should engage with students and relevant careers
advisers to help students understand and articulate the value of the skills,
knowledge and behaviours gained from a Physics degree and how the Physics
degree aligns with work-based learning opportunities or graduate careers.
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1.50 Physicists contribute to innovations in fields including applied photonics,
biotechnology, digital communication, metrology, quantum computing and
environmental or green technology, including renewable energy generation.
Enterprise and entrepreneurship education empowers Physics graduates to
increase the social and economic impact of their work through research and
development, commercialisation and spinouts.

1.51 Physics courses may offer students opportunities to develop and
demonstrate entrepreneurial skills. This may include design thinking, innovation,
project and risk management, business and financial awareness, as well as
commercialisation. Where such topics are delivered, they will ideally be explored
through applications of Physics.

1.52 Industrial partners, alumni, entrepreneurs and other relevant specialists
may be invited to contribute to curricular and co-curricular activities or to provide
input to guide the evolution of Physics courses through external advisory boards.
External input is valuable in emphasising the importance of skills related to
employability, enterprise and entrepreneurship, and in providing appropriate
vision so that teaching, learning and assessment is as authentic as possible.

Generative artificial intelligence

1.53 Generative artificial intelligence (GenAl) is rapidly developing, and, as
such, this section gives guiding principles (rather than specific recommendations)
for incorporating GenAl tools within the curriculum.

1.54 Physics has contributed to the development of machine learning and
artificial intelligence and these are routinely used to process experimental data
and model systems. GenAl has the potential to enhance productivity in many
areas of life. Students need to be prepared to use it in their studies and future
employment, but they need careful guidance, training and practice within the
curriculum to develop strategies for using GenAl in ethical and effective ways.

1.55 GenAl generates text, images, video, computer code, and other outputs
yet to be developed. This impacts on the skills required of a Physics graduate in
the workplace and hence on the skills, activities and learning outcomes central to
a Physics degree. As with other technological advances, this should be embraced
while maintaining an awareness of the risks and limitations

1.56  The availability of AI tools encourages the development of assessment
protocols that acknowledge the use of GenAl. Assessments that recognise the
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potential of GenAl in Physics, develop students’ critical thinking, and equip them
with the ability to solve complex problems creatively should be welcomed.

1.57 Students should use GenAl responsibly, sustainably, ethically and safely.
Care should be taken to ensure that sensitive data is not released into the public
domain. For example, there may be issues with the General Data Protection
Regulation and intellectual property. Students should also be trained to critique
the output from any GenAl tool regarding its accuracy, relevance or bias.

1.58 Course teams should ensure sufficient regulations are in place to deter
students from using GenAlI to plagiarise, answer real-time exam questions or
otherwise cheat in assessments and that sufficient monitoring processes are in
place to detect the unapproved use of GenAl in assessment work.
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2 Distinctive features of the Physics degree

Design

2.1 Physics is a broad subject, leading to a variety of Physics degree courses,
including joint honours degrees and Physics with a specialism. There is, however, a
common core to most Physics degrees outlined in paragraph 1.15. The physics
components of the degree which are beyond the core usually reflect the research
strengths and interests of each higher education provider. Examples are provided
in paragraph 1.16.

2.2 General and subject-specific sustainability practises should be embedded
into all aspects of course design including, but not limited to:

. efficient resource and energy use

. partner selection

. consistent links between sustainability/sustainable development and
physics discoveries, applications and professions in the curriculum

. lab and observatory practice

. use of digital technologies for modelling, asynchronous and virtual
teaching

. transport for course trips, placements and other learning opportunities

. creating diverse global connections between physics students and
professionals (as well as those from other disciplines) to facilitate
innovation.

23 It is important that course teams identify and address historical and

cultural biases in the choice of and portrayal of taught content, through an
inclusive, decolonised lens. Decolonisation can be an uncomfortable topic when
first covered, but it is vital to highlight the ways in which certain communities
have been hindered and damaged by practices and beliefs within Physics to
ensure they do not happen again and that the sectors become more equitable and
fairer. Recognising the efforts, knowledge, and achievements the contributions of
marginalised individuals and communities to society and to the sectors to is also
crucial, especially where these contributions have previously been undermined or
attributed to someone else due to the individual or community’s background (i.e.
race, disability, gender, sexuality).

2.4 Many Physics degrees incorporate placements in industry, within
university research groups, in scientific areas in publicly funded bodies such as
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health services or national research laboratories, or in other professional
environments. These may be purely experiential and non-accredited, or count
towards the degree classification, and/or be acknowledged by a certificate.

Progression

2.5 Over the course of a standard undergraduate degree with honours (FHEQ
Level 6; FQHEIS Level 10) or, if available, an integrated master's degree (FHEQ
Level 7; FQHEIS Level 11) a Physics student will progress from one level of study
to the next, in line with the regulations and processes for each institution. (The
QAA document The Frameworks for Higher Education Qualifications of UK
Degree-Awarding Bodies defines the levels of qualifications.) However, it is
expected that each level would see the attainment of knowledge, expertise and
experience that builds towards the final achievement of meeting the threshold
subject-specific and generic skills listed in this Statement. This will usually include
successful completion, reflecting sufficient credit (including any practical
component) for the award of a degree.

2.6 Upon graduation from an undergraduate degree, it would be expected
that a student who had achieved a second-class degree or higher would be
capable of, and equipped for, undertaking postgraduate study in Physics,
Astronomy, Astrophysics or a related discipline. Entry requirements to
postgraduate courses are, however, determined by individual providers and may
require specified levels of achievement at undergraduate level.

2.7 Undergraduates studying Physics, Astronomy and Astrophysics courses as
part of a combined or joint degree with other subjects (including courses that
specify major and minor options) will achieve core elements of the specific and
generic skills outlined in this Statement and will add others according to the areas
covered in the other subject(s) of their degree. Additionally, they explore the
overlap between different disciplines, and both their combined impact on physics
research and knowledge and the implications this has for human society, creating
further opportunities for interdisciplinary study, examples being chemical physics,
biophysics, or geophysics.

2.8 Students enrolled in a standard undergraduate honour's degree course in
Physics, Astronomy or Astrophysics who exit their courses earlier may be eligible
for a Certificate of Higher Education (FHEQ Level 4; FQHEIS Level 8), a Diploma

of Higher Education (FHEQ Level 5; FQHEIS Level 9), or other awards depending

upon the levels of study completed to a satisfactory standard.
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Flexibility

29 At providers in England, Wales and Northern Ireland, the duration of a
full-time course leading to a standard undergraduate degree is three years, or
four years for an integrated master’'s degree. In Scotland, bachelor's degrees with
honours are typically designed to include four years of study and integrated
master’s five, which reflects the structure of Scottish secondary education.

210  Students following part-time routes accumulate academic credit in
proportion to the schedule of their study, and their total study time and credit
value would be the equivalent of those achieved on full-time routes.

2.11 Higher education providers structure the courses they offer to support all
students’ learning and attainment. Depending on the educational mission of the
provider, this may include opportunities to engage in learning on campus, online,
and/or through hybrid learning, arranged in terms, by semester, year-long, block
or other formats but all should take care to ensure their courses are accessible to
a diverse student body. These may be offered in full and/or part-time modes of
study and credit may be accumulated through the completion of micro-
credentials, short-accredited learning, recognition of prior learning or the
accreditation of prior experiential learning. Providers should also work with
students who have or develop extenuating circumstances to change their mode of
study, where offered by the provider, to pause their studies, or to transfer to
another Higher Education Provider where appropriate to ensure students have the
opportunity to succeed regardless of their personal circumstances.

2.12 For students who do not have the required qualifications, some higher
education providers offer alternative pathways onto a Physics degree. This can
include entry via an access programme or Foundation Year, which in some
institutions is organised as an alternative route into a range of science or
engineering subjects, including Physics.

Partnership

2.13 Higher education providers may partner with external organisations to
provide students with broader opportunities during their period of study. These
partnerships may allow students either to study at a different institution, typically
overseas, or spend time in industry both locally and globally gaining relevant work
experience.
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2.14 Course teams should select other providers and industry partners who
share their commitment to sustainability, equality, diversity and inclusion to
ensure students feel safe, receive equitable opportunities throughout the entirety
of their course, and are exposed to the minutiae of sustainable practice occurring
in industry which is not necessarily seen in the classroom. All students should be
supported by their course team and Provider to ensure their experience with a
partner organisation is fair and that they receive equitable treatment.

2.15 Creation of the Physics curriculum should be a cooperative practise
centred on stakeholder engagement to ensure the curriculum is based on the
ideas and needs of prospective and current students, graduates, course teams,
degree accreditors, the current and future society, employers (such as
government departments, commercial businesses, technical labs, observatories,
charities and NGOs), the current workforce, the local community and other
relevant stakeholders.

2.16 The student voice can be listened to through departmental
representatives, module evaluation and external student surveys such as the
National Student Survey (NSS) and SDG and sustainability curriculum mapping.
Further, students can feed into, and collaborate with, their students’ union, and
many higher education providers offer public social media platforms to receive
feedback from students and discuss current trends in the student experience.

217  The amount of credit associated with a period of study abroad will reflect
the duration and the regulations of the home provider. In addition to broadening
the horizons of the student academically, professionally and culturally, any credit
earned during the time spent studying abroad will contribute towards progression.
In cases where the marks awarded by the partner contribute to the student's final
degree classification, these should be carefully calibrated to ensure equivalence
to the awarding institution.

2.18 Professional placements with partners in the industrial, commercial,
government and not-for-profit sectors can provide credit-bearing and/or
experiential opportunities for students, varying from a short-term placement to
complete a specific project to a full year in industry (see paragraph 2.2). There is
direct value of these partnerships for students and for partners, with an emerging
curriculum encouraging the incorporation of contemporary applications of
Physics.
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Monitoring and review

2.19 Physics degrees are routinely reviewed both externally and internally, and
the student voice forms an important part of each review stage. Reviews draw on
a range of external reference points, including this Statement, to ensure that the
provision aligns with sector norms, sector needs for sustainable development and
progression and for societal needs now and in the future due the long-term
impacts of policy based on understanding of Physics. Providers should also be
evaluated to gain an intersectional understanding of student achievement and
satisfaction and how these can be improved.

220 The external examining system in use across the UK higher education
sector ensures consistency in academic standards. Typically, external examiners
will be asked to comment on the types, principles and purposes of assessments
being offered to students. They will consider the types of modules on offer to
students, the outcomes of a cohort and how these compare to similar provision
offered within other UK higher education providers. External examiners produce a
report each year and make recommendations for changes to modules and
assessments (where appropriate). Subject Benchmark Statements can play an
important role in supporting external examiners in advising on whether threshold
standards are being met in a specific subject area

2.21 Externality is an essential component of the quality assurance system in
the UK. Providers may use external reviewers, who may be current or past
external examiners, as part of periodic review to gain an independent perspective
on any proposed changes and ensure threshold standards are achieved and
content is appropriate for the subject and its role in society. Many Physics,
Astronomy and Astrophysics degrees undergo an Accreditation review by the
Institute of Physics.
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3 Content, structure and delivery

3.1 This section explores how the content of the curriculum for Physics shapes
the likely teaching and learning strategy and the modes of assessment that allow
students to demonstrate they have met the benchmark standards, and
discriminate between different levels of attainment.

Content and teaching

3.2 Physics is a hierarchical discipline that lends itself to systematic exposition
and the ordered and structured acquisition of knowledge. It is also an empirical
subject. Practical skills, including an appreciation of the link between theory,
experiment and observation, are developed. This leads to feaching methods
(which may be in-person and/or online, synchronous and/or asynchronous as
appropriate) that may include.

. lectures supported by problem-solving classes
. flipped classes
. small group tutorial work
. laboratory work
. observational work in Astronomy
. the use of textbooks, electronic resources and other self-study materials
. open-ended project work
. team-based activities
. activities devoted to genetic and subject-specific skills development
. placements/visits to schools, or industrial or other research facilities.
3.3 The balance between these methods may vary between providers, courses

and modules, and the optimum combination will evolve with time due to, for
example, advances in technology and pedagogical thinking.

3.4 Approaches to skills development encompass both generic and subject-
specific skills. These should, where appropriate, be developed with reference to
applications in Physics. Development between levels of study may be evident; for
example, laboratory (and observational) work may become open-ended with
more demanding reporting criteria at the higher levels. Sustainability practices
should be modelled as well as embedded into teaching by teaching and delivery
throughout teaching to encourage their uptake among students.
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3.5 Computer skills may include programming and the use of software
packages for simulation, computer algebra, data analysis and the utilisation of
GenAl Skills may also be developed in the use of computers for the control of
experiments and the acquisition of data.

3.6 Teaching and learning strategies are designed to provide students with
appropriate subject knowledge, understanding, abilities and academic and
professional skills especially valued by quantitative professions which employ
physicists. Many of these skills are transferable into both quantitative and other
more general careers.

3.7 This Subject Benchmark Statement does not aim to be prescriptive about
which teaching or learning methods are used by a particular course. Higher
education providers use appropriate teaching methods to ensure that students
are engaged, motivated and challenged to learn as well as delivering the course
learning outcomes. Attention should be paid in the design process to ensure that
teaching methods support achievement of the learning outcomes and are
inclusive and accessible to all students. To this end, a range of teaching styles
should be included where possible. Traditional degree-course teaching methods
present barriers to learning for many students (e.g. those with
neurodevelopmental conditions, those returning to education after a prolonged
period) while alternative and more modern techniques (active learning,
asynchronous teaching etc.) may allow them to flourish.

Assessment

3.8 The assessment of students aligns with defined learning outcomes and is
appropriate to the knowledge and skills to be developed. In this way the integrity,
robustness, accessibility and diversity of the assessment can be assured.

3.9 A variety of assessment methods are typically used within Physics courses,
including:

. time-constrained examinations

. closed-book and open-book tests

. computerised adaptive testing

. problem-based assignments

. laboratory books and reports

. observation of practical skills

. individual project reports (including placement or case study reports)

o team project reports
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. presentations and/or posters

. appropriately arranged viva voce interviews

. essays

o project artefacts such as computer programmes, equipment, electronic
circuits, videos or websites

. educational resources from academic educational research used for
teaching in higher education, schools and outreach

. reflective analysis

. peer and self-assessment.

3.10 Physics courses will typically employ different styles of assessment to test
different learning outcomes. For example, examination and test questions may be
used to assess understanding of concepts and the ability to develop mathematical
models, complete calculations, solve new problems and communicate physical
arguments. Some elements of time-constrained assessment may have a role in
testing a student’s capacity to organise work and to think and communicate under
proscribed conditions. These will be augmented by other methods which include
reports, presentations and reflective accounts. Such activity is often more
appropriate for assessing skills such as, but not limited to, project planning and
execution, use of software, enterprise and entrepreneurship, communication,
teamwork and research.

3.11 The inclusion of a variety of different assessment techniques also
facilitates students with diverse learning and working styles to demonstrate their
ability to apply their knowledge and understand to Physis problems and to fulfil
the learning outcomes. Similar to 3.7, each assessment method is less accessible to
particular groups of students than to others so including this variety helps to
create a more equitable assessment system, ensuring diverse voices are able to
prosper across the discipline.

3.12 The performance of an individual student may vary significantly between
modules and the student’s marks on some modules may not be commensurate
with their overall performance. This is an inherent feature of quantitative subjects
and reflects both the conceptual difficulty and the need to solve quantitative
problems. In assessments that include significant amounts of problem-solving,
frequently requiring extensive use of mathematics, marks often span the entire
range of an assessment continuum. Students towards the lower end of the
performance range may fail some modules while still meeting the overall learning
outcomes of the course. Assessment regulations need to be flexible enough to

Physics, Astronomy W
and Astrophysics SBS

student review | 26



take account of the variability, with providers allowing examiners to judge overall
performance within the context of all learning outcomes.

3.13 Effective feedback should be provided on all assessments in a timely
manner, allowing students to ask for clarification or assistance and improve upon
it before the next assessment. Processes for questioning or appealing results
should be accessible, and students should be made aware of them.
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4 Benchmark standards

Introduction

4.1 This Subject Benchmark Statement sets out the minimum threshold and
typical standards that a student will have demonstrated when they are awarded
an honours degree in Physics, Astronomy and Astrophysics. Demonstrating these
standards over time will show that a student has achieved the range of
knowledge, understanding and skills expected of graduates in Physics, Astronomy
and Astrophysics.

4.2 The vast majority of students will perform significantly better than the
minimum threshold standards. Each higher education provider has its own method
of determining what appropriate evidence of this achievement will be and should
refer to Annex D of the Frameworks for Higher Education Qualifications of UK
Degree-Awarding Bodies. This Annex sets out common descriptions of the four
main degree outcome classifications for bachelor's degrees with honours: 1st, 2.1,
2.2 and 3rd.

4.3 Please note that the minimum threshold and typical standards for
undergraduate and integrated master's levels are not intended to specify
universal competence standards for a discipline. If a provider chooses to develop
competence standards (as defined by the Equality Act 2010) as part of a
programme specification, these can be informed by the relevant Subject
Benchmark Statement along with any PSRB requirements. In these circumstances
providers should follow the most recent guidance from the Equality and Human
Rights Commission.

Threshold level

Subject knowledge, understanding and skills

4.4 On graduating with an honours BSc degree in Physics, Astronomy or
Astrophysics, students should be able to:

. understand and apply basic physical laws and principles

. identify and use relevant physical laws and principles when dealing with
simple problems

. solve problems in Physics using appropriate mathematical and physical
techniques
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execute and analyse the results of an experiment (if on an experimental
course), with an appreciation of the safe and sustainable use of basic
apparatus

competently use appropriate software packages/systems for the analysis
of dataq, simulation of physical systems and the retrieval of appropriate
information

undertake numerical manipulation of data and to present and interpret
information graphically

perform an investigation and analyse the results. Such analysis will include
the evaluation of the level of uncertainty or limitation in the results
ensure sustainability measures have been taken throughout an
investigation including considering the potential applications of results to
sustainable development both within and out of Physics research
communicate scientific information, typically through a selection of
visualisation, scientific reports and/or presentations, suitable for a variety
of audiences, such as other professionals, students or non-experts
articulate the value of the skills, knowledge and behaviours gained from a
Physics degree

understand the significance of Physics to sustainability in relation to
science and society and be able to explain some specific applications of
Physics to sustainable development, healthcare and other challenge.

Generic skills

4.5

On graduating with an honours degree in Physics, Astronomy or

Astrophysics, students should be able to:

identify issues, questions and problems

recognise and understand relationships within complex systems
understand and evaluate multiple scenarios for the future - possible,
probable and desirable; assess the consequences of actions; and deal with
risks and changes

identify gaps in their own knowledge, accept feedback on gaps in their
knowledge and understanding and acquire new knowledge and
perspectives from a variety of diverse but reliable sources

identify and deconstruct unconscious biases within themselves, and help
other students to do the same, while also critically analysing and reflecting
on the historic heterogeneity of physics as a discipline

analyse and interpret information
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synthesise the state of knowledge on a particular topic

apply knowledge and understanding to provide evidenced conclusions
communicate effectively and appropriately with colleagues, professionals
and the public

present knowledge or an argument in a way that is comprehensible to
others, specifically considering their knowledge level

work with a range of dataq, including qualitative and quantitative empirical
data

critically engage with a range of forms of digital technology to collate,
analyse, select and present information

assert intellectual independence, including undertaking tasks
independently (with appropriate guidance and support), conducting self-
directed research and demonstrating critical judgment

use integrated problem-solving by applying different problem-solving
frameworks to complex sustainability problems and develop viable,
inclusive and equitable solution options

work collaboratively, including undertaking work in a group or team
and/or participating in discussions, showing an appreciation for diversity
within the group.

Typical level

4.6

A graduate who has reached the bachelor's degree with honours typical

level has demonstrated the capabilities and skills of the threshold honours degree
level and, in addition, competence in:

the application of physical principles to diverse areas of Physics

the solution of problems in Physics by selecting and using appropriate
mathematical and physical techniques

making appropriate approximations when solving problems

critical analysis of the results of an experiment or investigation, evaluation
of their significance (both conceptually and statistically) and setting them
in context, including a comparison of the results with expected outcomes,
theoretical and computational models or published data

the design and execution of effective experiments (if on an experimental
course)

use of mathematical and computational techniques and analysis to model
physical behaviour
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. clear and accurate communication of scientific information to different

audiences
. management and use of research-based materials
. where appropriate, an appreciation of topics related to enterprise and

entrepreneurship - for example, with design thinking, innovation, project
and risk management, business and financial awareness, and
commercialisation

. identify and contribute to deconstructing structural and systemic biases
within the workplace, place of education, and wider society
. appreciating sustainable development and its links to Physics, especially

those topics with clear, explicit links to Physics such as climate change,
sustainable energy technology and access, quality education and clean
water and sanitation.

Integrated master's

4.7 A graduate who has reached the integrated master’'s degree with honours
threshold level has demonstrated the capabilities and skills of the typical BSc with
honours level and will also have:

. a working knowledge of a variety of experimental, mathematical and/or
computational techniques applicable to current research or applications in
Physics

. undertaken an extended investigation

. an understanding of scientific research and how it will or may impact on

society, specific groups in society and the natural environment from a
scientific, economic and a social perspective
. encountered research-level material.

4.8 A graduate who has reached the integrated master’'s degree with honours
typical level has demonstrated the capabilities and skills of the integrated
master’s threshold level and in addition an ability to:

. apply fundamental laws and principles to a variety of areas in Physics,
some of which are at (or are informed by) the forefront of the discipline

. apply relevant, recent, research to current questions in Physics and the
application of Physics to global problems

. interpret and contextualise mathematical descriptions of physical
phenomena
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. plan and execute an open-ended extended research project or
investigation, demonstrating some originality

. show the competent use of specialised equipment or research grade
software or methods

. master new techniques in a theoretical, computational or experimental
context

. communicate complex scientific ideas, including the concise, accurate and

informative conclusions of an experiment, investigation or project to a
range of audiences in a manner that suits their knowledge level

. demonstrate an understanding of scientific research and propose realistic
suggestions as to how it may progress further and, where applicable, link
to sustainable development.
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