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What is the university now 
for?
Knowledge is abundant (and free). Outputs are 
easier to generate. Credentials are under 
scrutiny

What is a mathematical 
sciences degree now for?

Mathematical sciences graduates are needed 
not only for what they know, but for how they 
reason: how they model, interpret, test 
assumptions, handle uncertainty, 
communicate evidence and make responsible 
judgements from quantitative information.



What kinds of mathematical 
thinking do our current 
assessments reward?

Fundamental knowledge and procedural 
fluency matter, but they are not enough.

If mathematical sciences graduates are 
expected to work with uncertainty, data, 
models, technology, evidence and 
decision-making, then our programmes
need to develop and assess more than 
routine performance.

The issue is not whether we assess 
content, but whether assessment also 
makes higher-order mathematical thinking 
(and its applications) visible.

Pointon, 2002; Darlington, 2015

Images on this slide are courtesy of Chris Sangwin



Skills are moving from the margins to the mainstream*

“The current system is not responsive enough to rapid change.”

“. . .we ask universities to focus on their strengths, to specialise 
and collaborate, and align what they do closely with the needs 
of the country.”

“Incentivising employers to invest in skills. . . Collaboration with 
colleges and universities will be a core component of this work”.

“Skills passports could set out individuals’ skills and 
competencies, enabling these to be documented, endorsed 
and transferred...”

Post-16 Education and Skills White Paper, October 2025

“Modules...from full level 6 qualifications...that address priority 
skills gaps” will be eligible for LLE funding from January 2027.

Lifelong Learning Entitlement, April 2026



The demand signal is explicit: higher-level skills 
are changing

▪ Analytical thinking 
remains core.

▪ AI and big data, 
technological literacy, 
and systems thinking 
are rising.

▪ The challenge is to 
make these capabilities 
visible.

Do our degrees do enough 
to develop and evidence 
them deliberately?

The Future of Jobs 

Report 2025, World 

Economic Forum



Quality is no longer just about what we teach – it is 
increasingly about what students go on to do
“They want to acquire knowledge and 
skills that lead to good jobs and other 
opportunities.”

“High quality higher education also 
contributes to skills that support the 
future economy, and provides long-
lasting value on public investment.”

“We propose to rate student outcomes 
based on benchmarked indicators of 
continuation, completion and an 
expanded set of post-study 
indicators...”

OfS, Consultation on the future 
approach to quality regulation, 

September 2025

Departments will need to evidence what 

graduates can do, not just what 

programmes cover.



This is not knowledge versus skills. . .

We need to distinguish 
knowledge, skills, competences 
and attributes:

▪ Knowledge is what students 
know.

▪ Skills are what students can 
do.

▪ Competences are how 
students apply knowledge and 
skills effectively in context.

▪ Attributes are the broader 
dispositions that shape 
behaviour, judgement, action 
and responsibility.

The skills agenda makes these distinctions harder to 
ignore. Mathematical knowledge forms the 

foundation. Graduate capability is what students can 

do with it when the problem is unfamiliar, the context 
is messy, or the answer requires judgement.



What do we need to make more visible?

If assessment drives behaviour, deeper forms of mathematical thinking 
have to be visible in what we reward.

Competences
• Selecting and applying methods appropriately.

• Interpreting outputs in relation to assumptions 

and context.

• Validating results and identifying weakness or 

error.

• Justifying choices of method or model.

• Communicating mathematical reasoning clearly.

• Working collaboratively on mathematical 

problems.

• Using digital tools critically and transparently.

Attributes
• Judgement under uncertainty.

• Learning from error and 

feedback.

• Ethical responsibility.

• Resilience and persistence.

• Confidence with abstraction and 

ambiguity.

• Intellectual curiosity.

If we value these qualities, they need to be visible in the programmes we develop, 

and in what we teach, assess, and support.



Judgement is where graduate capability 
becomes visible

Graduate capability depends 
on students moving beyond 
routine performance toward:

▪ Analysing assumptions, 
structure and constraints

▪ Evaluating methods, 
outputs and limitations

▪ Creating or adapting 
approaches for unfamiliar 
problems

▪ Communicating 
reasoning, uncertainty 
and implications

Adapted from Centre for Instructional 

Technology and Training, University 

of Florida

Mathematical capability is not just producing 

answers. It is knowing what to trust, what to 

challenge, and how to explain that judgement clearly.



Making graduate capability visible in 
programme outcomes
By the end of the programme, graduates will be able to:

1. Apply core mathematical sciences knowledge - across a range of problems and 
contexts.

2. Interpret and validate outputs - with attention to assumptions, limitations, and the 
context of the problem being addressed.

3. Construct and communicate reasoning - clearly, accurately, and for different 
audiences.

4. Use tools critically and responsibly - including digital and AI-supported outputs 
where relevant.

5. Investigate unfamiliar problems - independently and collaboratively, learning from 
feedback, error, and revision.

6. Demonstrate judgement and integrity - through resilience, reflection, and 
responsible mathematical inquiry.



Students need to be taught how to learn 
mathematics at university
Transition challenges are not only entry issues. They reveal what our programmes
may need to teach and support more deliberately:

▪ Difficulty with proof, abstraction, and pure mathematics.

▪ Stronger performance on familiar or routine material.

▪ Passive engagement with learning.

▪ Engagement driven mainly by summative assessment.

▪ Weak use of formative work and feedback.

▪ Difficulty managing learning independently.

▪ Low mathematical resilience.

Brereton & Grove, Submitted

The issue is not only preparedness. It is whether programmes explicitly teach the 
habits, practices and forms of engagement that university-level mathematics 
requires.



If we want these outcomes, teaching has to do 
more than cover content

It has to do more explicitly:

1. Make mathematical thinking visible - not just results, but methods, checking, 
judgement, and revision.

2. Model how experts work - including uncertainty, error, dead ends, and the testing of 
assumptions.

3. Create space for dialogue and challenge - so students explain, question, and refine 
ideas with others.

4. Design for active engagement - through problem-solving, critique, discussion, and 
open-ended tasks.

5. Teach critical use of tools - including when to use digital tools and automation, when 
not to, and how to question their outputs.

Excellent teaching develops the forms of reasoning, judgement and confidence that 
students cannot acquire through passive information receipt alone.



Assessment has to generate evidence of capability
Assessment drives staff and student behaviour, so we need to ask what each assessment 
is designed to evidence.

1. Use a range of assessment types - so students demonstrate more than routine 
cognitive performance.

2. Make mathematical thinking visible - through explanation, critique, interpretation, 
modelling, supervised problem-solving and revision.

3. Think across a spectrum of assessment

Assured: high-confidence evidence of individual capability.

Scaffolded: guided development, with support in preparation.

Exploratory: open inquiry and responsible use of tools.

4. Design for learning, not just for verification - because weak proxies for 
understanding are easier to simulate.

5. Be educative as well as regulatory - because students need clarity, confidence, and 
support in using AI responsibly.

If we value more than routine performance, assessment has to generate evidence 
of more than routine performance.



This argument is not 
new

“Science is more than a body of 
knowledge. It is a way of thinking; a way 
of skeptically interrogating the universe 
with a fine understanding of human 
fallibility. If we are not able to ask 
skeptical questions, to interrogate those 
who tell us that something is true, to be 
skeptical of those in authority, then we're 
up for grabs for the next charlatan 
political or religious who comes ambling 
along.”

“Knowing a great deal is not the same as 
being smart; intelligence is not 
information alone but also judgment, the 
manner in which information is collected 
and used.”

Carl Sagan



Case Study: making capability visible in Year 1

• Open-ended and multi-stage mathematical modelling 
problems drawn from realistic contexts.

• Group-based activity, peer review and peer 
assessment.

• Two-hour Weekly workshops

• Varied outputs: written, video, presentation, oral 
assessment.

• Students use digital and AI tools where appropriate, 
but must explain, validate and justify their work. 

• Reflection built in: students explain choices, learning 
from feedback, contribution to group work, and how 
their thinking changed.

• Assessment rewards process, reasoning, 
communication and judgement, not only final 
answers.



Students recognise the value of becoming 
mathematically capable
Confidence and challenge

“Overall, this module has enabled me to challenge myself like I haven’t before...”

Motivation and productive struggle

“Even though it was much more difficult than I had first thought I really enjoyed the 
challenge and the rewarding feeling of creating a model that works.”

Self-awareness

“With each task, I feel I was increasingly more able to approach a problem logically...”

Developing as mathematicians

“In the future, I will always strive to consider multiple ways of approaching an unseen 
problem and now feel far more positive about the process of doing so.”



Beyond employability: developing mathematically 
capable graduates
This is not just about getting students into employment.

It is about developing graduates who can:

▪ use mathematical knowledge in unfamiliar contexts;

▪ select, justify and adapt methods;

▪ interpret outputs, assumptions and limitations;

▪ communicate quantitative evidence clearly;

▪ act with judgement, integrity and responsibility.

These competences make graduates highly employable.

But employability is the consequence of a broader mathematical formation, not the 
whole purpose.

The task is not to bolt employability onto mathematics, but to make the graduate 
value of mathematics visible.



Capability develops across the whole student 
experience
▪ Experiential learning: projects, placements, real-world problem-solving.

▪ Engagement with others: peers, staff, employers, and wider communities (student 
societies).

▪ Co-curricular and extra-curricular activity: summer programmes, research 
internships, student-led initiatives.

▪ Contribution and responsibility: volunteering, student representation, civic and 
community engagement

The question is how 

these experiences 

connect back to the 

competences and 

attributes we want 

graduates to develop.



Questions for mathematical sciences programmes
▪ What do we really want evidence of?

Beyond correct answers, what forms of thinking and judgement matter?

▪ Where do students practise and demonstrate this?

Across modules, assessment, and the wider programme.

▪ How visible is mathematical thinking?

Not just outputs, but reasoning, validation, refinement and communication.

▪ Where do students encounter uncertainty and challenge?

Including unfamiliar problems, ambiguity, productive struggle, and the need for 
judgement.

▪ How do we design for engagement and belonging?

Ensuring students learn with and from others, not in isolation.

▪ How are tools used and understood?

Where do students learn to use digital tools and AI critically and responsibly?

This is not about adding more to our degrees. It is about being clearer and more 
deliberate about what we design for, teach, assess, and support.



Questions, comments, suggestions, ideas?

Michael Grove
Deputy Pro-Vice Chancellor (Education 

Policy and Academic Standards)

Professor of Mathematics and Mathematics 

Education

m.j.grove@bham.ac.uk
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