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Hands-on, minds-on: the future of practical

science in schools

Conference summary report

The conference took place on 4 November 2025, the day
before the publication of both the independent review of
England’s curriculum, assessment and qualifications system
and the Government’s response to this. Chaired by Professor
Ulrike Tillmann FRS, Chair of the Royal Society’s Education
Committee, and Professor Gerry Gilmore FRS, member of
the Royal Society Partnership Grants Allocating Panel the
conference brought together a wide range of more than 150
participants including STEM education leaders, policymakers
and influencers, teachers, students, educational researchers,
scientists, and representatives from industry, higher
education, and the science community.

This note provides a summary of themes that emerged from
the presentations and the discussions. It is not a verbatim
record, and it does not necessarily represent the views

or positions of the Royal Society or the participants and
organisations that attended. Its purpose is to summarise
key messages to inform policymaking across UK authorities.

Background

The findings of the Science Education Tracker — a survey
that records changes in how secondary students experience
science education in England — show that hands-on practical
science is becoming marginalised'. Its decline was evident
before the COVID-19 pandemic and has worsened since
schools reopened. While a complex range of factors may be
responsible, sustained and concerted action is required to
reverse this trend.

Moreover, there appears to have been no significant

review of practical science content in England since the
National Curriculum was introduced in 1989. This is overdue,
particularly given how digital technologies have transformed
scientific practices.

Scientists, policymakers and educationists share the
responsibility for ensuring children benefit from an education
that gives them the knowledge, skills and confidence to
contribute to building a world that is healthier, more stable,
and prosperous where all can thrive. Practical science has
an important role to play in achieving this objective and is
essential for developing scientific literacy.

The purpose of this conference was to spur a revitalisation

of practical science in schools by:

- celebrating the work done by exemplary science
education enrichment initiatives across the UK;

- considering the current challenges to, and the future of,
practical science in primary and secondary education; and

- examining the role practical science has in inspiring future
scientists, developing technical expertise, and promoting
scientific literacy and employability skills.

1 Hamlyn B, Brownstein L, Shepherd A, Stammers J and Lemon C. 2024 Science Education Tracker 2023. Verian on behalf of the Royal Society
and EngineeringUK. See https://royalsociety.org/-/media/policy/projects/science-education-tracker/science-education-tracker-2023.pdf

(accessed 12 February 2026).

Hands-on, minds-on: the future of practical science in schools


https://royalsociety.org/-/media/policy/projects/science-education-tracker/science-education-tracker-2023.pdf

Introduction

In his opening remarks, Sir Adrian Smith, President of the
Royal Society, acknowledged the efforts of the British
Science Association, the Institute for Research in Schools,
National Education Nature Park and EngineeringUK, whose
work in supporting original scientific inquiry projects in
schools and colleges, together with that of the Royal Society,
was being showcased by the ten primary and secondary
schools and colleges exhibiting at this conference.

But he expressed concern about the sharp decline in hands-
on practical work in schools that has occurred during the past
decade. Quoting figures from the Science Education Tracker,
he stated that only 26% of GCSE students did practical work
fortnightly in 2023, down from 44% in 2016. He highlighted
that teacher shortages, lack of technicians, resource
constraints, and a misconception that videos are an adequate
replacement for doing practical science, had all contributed
to the marginalisation of practical work in science education.

Sir Adrian also criticised the range of practical science that
is generally undertaken in schools and colleges, asserting
that the standard diet of classroom practicals often requires
students to follow rigid ‘recipes’ to obtain a preordained
result, and that these experiences offer poor insight into
the scientific method and the inherent creativity involved

in curiosity-driven research.

He stated the Royal Society was determined to increase
opportunities for students to participate in creative

scientific inquiry and that thanks to a generous donation of
£1.4 million from the Julia Rausing Trust, the Society was now
seeking applications for ten new Science Community Grants,
designed to foster partnerships between schools and STEM
professionals that build communities of practice in which
practical science is embedded?.

Image: Sir Adrian Smith, President of the Royal Society, giving his keynote address at the conference.

2 See https://royalsociety.org/grants/science-community-grant/ (accessed 12 February 2026).

Hands-on, minds-on: the future of practical science in schools


https://royalsociety.org/grants/science-community-grant/

The value and purpose of practical science

Conference speakers and participants highlighted throughout
the day that practical science is integral to scientific inquiry
and to science education. The Royal Society’s motto,

Nullius in verba (‘take nobody’s word for it’), underscores
the importance of evidence and verification, which practical
science exemplifies.

Delegates repeatedly stated that effective hands-on
practical science provision helps students understand the
concepts they have been learning about in the classroom.
Teachers and students who were exhibiting the exciting and
innovative science projects they are doing at their schools
and colleges spoke enthusiastically about the value of
scientific inquiry.

They expressed how their involvement in these projects has
strengthened their scientific knowledge and understanding
and helped them develop skills that are essential for
employment, including curiosity, creativity, and critical
thinking, problem-solving, collaboration and communication,
which are vital for future careers.

It was acknowledged, though, that while open-ended
investigative projects and student-led inquiry are powerful
tools for engagement and learning, these approaches
require confident teachers, time, and resources.

Image: Panel discussion participants (left to right) Steve Jones, the Consortium of Local Education Authorities for the Provision of Science Services
(CLEAPSS); Dr John Taylor, Cranleigh School; Lisa Alford, Tonbridge School; Dr John Dyer, Liverpool Life Sciences University Technical College (UTC);
Blossom, Liverpool Life Sciences UTC; and Katherine Mathieson, the Royal Institution.
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Challenges in provisioning equitable

hands-on practical science

Equipment and consumables

Discussions throughout the day revealed that there are
large differences in the resources available to different
schools and colleges with many struggling to do any
practical science.

There are chronic shortages of subject specialist science
teachers (particularly chemistry and physics specialists)
and science technicians, compounded by a lack of access
to subject-specific professional development.

Budgets for practical science are estimated to have fallen
by about 25% over the past decade and schools have not
been able to replace broken apparatus, including basic
equipment such as thermometers or even a set of battery
packs. Some prep rooms have not been upgraded for
over 40 years. Although state schools may be able to gain
valuable funding for practical science from charities like
EdufundUK, which operates within Hertfordshire, sustained
investment from Government is required. Without this,
schools will increasingly struggle to meet the minimum
requirements for practical science set out in the national
curriculum and examination specifications.

Assessment

The observed decline in hands on practical science can be
traced back almost 10 years ago, to when the most recent
reforms to the assessment of practical work in GCSE and
A-level science came into effect.

Research undertaken jointly by the University of York

and King’s College London has shown that the practical
questions that are currently used at GCSE level to assess
knowledge and understanding of practical work could be
optimised to better reward and better incentivise those
types of practical work that are proven to be most effective
in developing young people’s scientific literacy: high-quality
hands-on practical science and teacher demonstrations.

In addition, assessing science through a project and/or
coursework merits greater consideration. Students are likely
to learn more and perform better if they are allowed to study
a topic that interests them. Further, the potential for permitting
multimodal outputs, ie not just an essay, but perhaps also

a video or a podcast, would add new dimensions beyond
written examinations that may appeal to students’ interests
and better suit their strengths. This may apply particularly to
some disabled or neurodivergent students who for instance
would benefit more from making a video about what they
have done and learnt rather than preparing a written report.

Equity, diversity and inclusion in practical science

Special educational needs and disabilities (SEND) students
Creating opportunities for doing practical science is already
challenging given the complex teaching environment, and
this is particularly so given the needs of the 14% of students
in the UK who have a disability or neurodivergence. The UK
Government has clearly signalled that it intends to support
disabled and neurodivergent children through mainstream
provision rather than through specialist provision. In his
presentation, Jeff Banks, CEO of The Lightyear Foundation,
said that it will take a conscious effort, over a long period of
time, to create truly inclusive classrooms within mainstream
provision that are accessible to disabled neurodivergent
SEND learners. Significant disparities in resourcing exist
between schools, which directly impact students’ access

to practical science. These disparities are exacerbated for
SEND and neurodivergent learners by lack of access to
adaptive technologies.

Fortunately, many so-called SEND students are highly
adaptable and adept at problem-solving and shifting from

a knowledge-based curriculum to one that includes a more
practical approach to learning would be beneficial for these
students. Disabled neurodivergent learners can, with the
right support and encouragement (for celebrating learners’
curiosity, collaboration and achievements is vital), progress
to take qualifications in further and higher education, and
even go into STEM careers.
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Such support may range from taking account of these
students’ heightened sensory and emotional sensitivities by
building in breaks and providing calm spaces, so that they
are not overwhelmed by the smells, noise, heat, movement
and crowding around them, to using assistive and adaptive
technologies, to ensuring early engagement with specialist
helpers, not only SEN coordinators, but colleagues, parents,
carers and the young people themselves. PMLD (profound
and multiple learning disability) students, who may require
higher levels of support, also require access to fantastic
science education, because it improves their quality of

life, grows them as individuals, and helps them shape

and navigate the world they will be living in.

To make education work for SEND students will require
considerable, sustained, investment. The Government’s
approach to education means that SEND must become the
business of every frontline professional in education settings. It
is essential, then, that all learning becomes more accessible to
disabled neurodivergent learners. The STEM community also
needs to contribute more: currently only 0.02% of funding from
more than 250 STEM organisations in the UK, whose combined
turnover is close to £650 million, is allocated to supporting
children and young people with SEND to engage in STEM.

Gender divide

In her keynote, Dame Athene Donald FRS drew particular
attention to the stubborn gender imbalance that persists in
the uptake of physics, computing and mathematics, which
consistently attract a much smaller proportion of girls than
boys (while girls are disproportionately represented in other
subjects). This imbalance stems from gender stereotyping
that has been entrenched for decades, with girls being either
not encouraged or actively discouraged from participating in
practical and technical activities. It is unsurprising, then, that
few girls consider taking physics or engineering at university.

Image: Panel discussion participants (left to right) Lisa Alford, Tonbridge School; Caitlin Gould, TECGirls; Joysy John MBE, Education Entrepreneur;
Dr Beth Mortimer, University of Oxford; and Hannah Russell, British Science Association.
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The role of practical science in developing
scientifically literate citizens

In this session Professor Sarah Earle and Dr Alistair Moore
discussed the important role of practical work in helping
primary and secondary school students understand and
feel confident applying their scientific knowledge. Both
primary and secondary educators use practical activities to
help pupils engage with real phenomena, develop scientific
thinking, and see science as meaningful in everyday life.
They emphasised, though, that the effectiveness of practical
work in science requires a clear rationale and an explicit
purpose, to ensure it best supports students’ learning, and
that this requires considerable preparation by teachers.

Practical science may focus on learning concepts,
developing skills, understanding how science works,

or increasing motivation — trying to achieve all of these
objectives at once is likely to reduce the effectiveness of
related activities. Research suggests that teachers should
prioritise one main purpose for each practical activity and
guide students clearly toward it. Programmes that focus on a
single learning goal have been shown to improve both pupil
achievement and teacher confidence.

Image: Professor Sarah Earle, Bath Spa University.

For younger children, practical science involves exploring
the world using their senses — touching, observing, talking,
and playing — while gradually building towards more
structured investigations as they get older. Talking about
what they are doing is especially important: discussion,
gesture, drawing, and explanation help children connect
hands-on experiences with scientific ideas. This kind of
guided conversation supports the development of ‘scientific
literacy’, a term that encapsulates the ability to think about,
discuss, and apply science, rather than just recall facts.

For older students, research comparing different ways

of experiencing practical work found that hands-on
experiments and teacher demonstrations are much more
effective than watching videos or reading descriptions. The
key difference is guidance: when teachers actively question,
explain, and direct attention during practical work, students
learn more. Fundamentally, effective science education
requires practical work to be purposeful, guided, and active,
and teachers need sufficient time, resources, and support to
make this happen well.

THE

ROYAL |
COCTIETV

Image: Dr Alistair Moore, University of York.
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The role of digital technologies in practical science

The premise for this discussion was that practical science
has scarcely changed in recent decades, in terms of the
technologies and techniques that are used by most schools
and colleges in the UK, but that digital technologies have
had — and are continuing to have — a transformative impact
on professional scientific research. This disparity was
acknowledged, though it was also made clear that traditional
technologies are as valid as ever, and that researchers
often draw on a diverse range of experimental processes
in undertaking their work: from hands-on experimental
approaches through to modelling and fieldwork.

In addition, the range of digital tools available has diversified.

Software ranges from videos and video simulations through
to collaborative and communication software, Artificial
Intelligence (Al) and then much more specific tools such as
apps or complex virtual simulation engines. The hardware
used to run these tools has also diversified with tablets and
smartphones being used alongside computers, with all having
increasingly prodigious amounts of processing power.

The discussion concluded that digital technologies do
have a place in practical science education and that
practical science has a role in developing students’
digital skills, because of the crucial role these now play
in helping solve real-world problems. However, hands-on
experiments remain essential. Not all problems require
digital solutions, and technology is not always accessible.

Moreover, traditional forms of practical work offer unique
opportunities for students to test ideas and build conceptual
understanding that technology alone cannot provide.

But while a balance needs to be struck between using
traditional experimental approaches alongside methods
that build digital literacy, in addition to resourcing hands-on
practical science, much needs to be done to build teachers’
and technicians’ digital literacy so that they are confident
using digital technologies and understand how they can be
used effectively with pupils of all ages. Further, and pending
any future statutory advice on the use of mobile phones in
schools, the digital literacy of students and parents must
also be improved so that technologies like smartphones
and Al are used effectively, safely and responsibly within
and outside the classroom. This extends to the use of digital
technologies to collect and analyse data. A commonly
shared concern was that if children are denied access to
using these technologies, then the digital gap will widen.
Strong partnerships between schools and their local higher
education institutions (HEIs) and employers are vital for
sustaining practical science. HEls and employers can provide
schools with access to datasets as well as equipment.

Image: Students and teachers who showcased their science projects at the conference from Bishop Burton College, Bridge and Patrixbourne CEP School,
Clarion School, Liverpool Life Science UTC, Prendergast Ladywell School, Rosebrook Primary School, Rushden Academy, St Mary’s Catholic Academy,

The Bishop Stortford High School and The King’s Academy.
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A vision for practical science

In this keynote, Professor Mark Miodownik MBE, the Royal
Society’s newly appointed Professor for Public Engagement
in Science, emphasised the importance of the link between
creativity and science and the important role science plays in
culture and society. He showed, through a materials science
lens, that human development has been driven by materials
people have exploited, experimented with or made. He
argued that the ubiquity of materials in society — from fashion
to phones — show that science should be acknowledged as
a creative and practical pursuit that is deeply connected to
issues people care about and one that is a normal part of
everyday human life rather than separate or abstract.

He described how having completed a PhD working on
optimising the turbine blade in a jet engine his fascination
with materials set him off on a 20-year journey that led to
him building a library of materials from other researchers’
experiments. Gripped by the stories about the possibilities
for future existence these samples contain, he found that
tangible objects could be used to excite and engage people
about the possibilities of science in a way that no graph

or equation could. Simple questions — like why do spoons
made from different metals taste different from each other
and can spoons made from different metals make food
taste differently? — led to a dynamic collaboration across
psychology, design, cooking, and industry.

Professor Miodownik explained how the publicity this work
attracted led to the creation of UCL's Institute of Making, a
dynamic shared space where students, university staff, and
the public can explore materials through hands-on making.
The Institute, which now curates 2,000 materials, invites
people from all disciplines to experiment, ask questions, and
learn practical skills. He described how the public’s interest
in the Institute has at times been overwhelming and that its
success reflected people’s desire to explore their creativity
through intellectual and physical inquiry, using tools they
would not otherwise work with.

Finally, Professor Miodownik showed how the hands-on,
interdisciplinary, approach exemplified by the Institute for
Making can tackle real-world problems through citizen
science. He explained that projects like the big compost
experiment (involving testing whether biodegradable plastics
actually work), using tree guards to test how biodegradation
differs under different environmental conditions, and trialling
animate materials had involved thousands of members of the
public and produced real scientific evidence that informed
policy and public debate. He added that other research he
had undertaken had shown that maker spaces established

in local communities were successful in opening up STEM
education to under-served audiences. He concluded that
citizen science is effective when it achieves the right balance
between playfulness and creativity, public participation,

and scientific rigour — and that it can make science more

inclusive, trusted, and enjoyable for everyone.

Image: Professor Mark Miodownik MBE giving his keynote address.
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