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Our ToC

Davenport et al, 2020

https://link.springer.com/article/10.1007/s11165-019-09909-6


▪ 241 students in 8 years

▪Authenticity

▪Embedded on APP plan

▪Co-organised by SR 

team, supported by 

careers, library, 

academic schools

Overview



Elements

▪First year lecture & 
practical

▪ Interview researcher + 
research skills sessions +  
poster showcase

▪Campus tour + careers 
session

NASA and ESA have recently launched  probes that have reached closer  to the sun that 

we have ever been. They use lots of shielding (similar in composition to regular aluminium 

foil) in order to protect the probes from variation of solar activity. The main mission for 

these probes is to monitor the solar activity and to gain more knowledge about solar 

storms and why in particular that they occur. Electricity grids, satellites, cellular 

communications and high radio communications are being engineered in order to protect 

human infrastructure from space weather and allowing us to monitor space weather.

The major impacts of severe space

weather events can be divided into

two areas - impacts on technology

on Earth and threats to equipment

and health in space and at high altitude. They include: power grid 

outages, disruption to Global Navigation Satellite Systems / Global 

Positioning Satellites, high frequency radio communications 

outages, satellite damage and increased radiation levels at high 

altitude. The main industries and infrastructures which are most at 

risk from severe space weather are: energy, satellite, 

communications, aviation, marine, road transport and rail transport. 

Anna Callanan- Biddick Academy

Lauren Gordon- Cramlington Learning Village

Matthew Bowman - Cramlington Learning Village

Jack Joyce - Cramlington Learning Village

Luke Swinbanks - St Mary’s Sixth Form.

Previously it was understood that solar high-speed wind produced outer 

van Halen belt electrons however this study analyses have also  

demonstrated that many geomagnetic storms produce a small amount of 

outer belt enhancements. In fact, it is possible some may produce losses 

of relativistic electrons. “One particular interval, 13–22 September,  

initiated by a short-lived geomagnetic storm and characterized by a long 

period of primarily northward interplanetary magnetic field (IMF), showed 

strong depletion of relativistic electron.” (5) This data collected can be 

seen in the graph shown below which may lead to large breakthroughs in 

forecast modelling and has allowed a relativistic electron forecast which 

is currently operational at the weather prediction centre in Colorado.
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The Maxwell–Boltzmann curve shows to us why space isn't actually a 

total vacuum and is instead extremely sparsely populated by particles. 

The graph shows the particles travelling and the density of the particles 

in the given area. After the velocity reaches the earth's escape velocity, 

(11.7km/s), The density of the particles is the density of particles in space 

that have escaped. This is one of the reasons that there are particles in 

space and why it is not a perfect vacuum. These particles escaping from 

planets is a reason for space weather and in particular the northern 

lights.
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Special thanks to 

Clare Watt
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What is the future of predicting space 

weather? Researchers such as Clare Watt 

who we met to discuss this topic are 

currently working on producing a weather 

forecast for space allowing us to predict 

future possible threats to earth and 

infrastructure or new physics which can be 

discovered through the understanding of 

space weather.
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H ow  D o Patterns Form  In N ature?

E. D iaz

Bifurcations like this one typically 

result in form  stripe patternsd 

patterns

Bifurcations
Bifurcations occur w hen you change the 

param eters of a situation, the param eters could be 

tem perature, am ount of chem ical, or pres sure. 

They are the key to all patterns that form  in nature. 

A s soon as an inciting factor changes past a critical 

degree, patterns start to form  w here there once 

w ere none.

Bifurcations like this one typically result in hexagonal patterns

A cknow ledgem ents and 

References

Stable or Unstable?

On bifurcation diagram s you w ill see full lines 

m arked stable and dashed lines m arked unstable

Types of Bifurcations

A  sim ple exam ple of w hat 

this m eans can be seen in a 

pendulum. W hen the 

pendulum  is at the bottom  

of its trajectory, it is stable, 

as if you knock it, it w ill 

return to the sam e position. 

H ow ever, w hen it is at the 

top of its trajectory, the 

slightest nudge w ill send it 

back dow n to its stable 

position at the bottom.

Bifurcations like this one typically result in striped patterns

W ith thanks to Daniel Ratliff

Strogatz, S. H . (2016). Nonlinear dynamics and chaos. Taylor & Francis G roup. 
H oyle, R. (2006) Pattern Formation: An Introduction to Methods. Cam bridge University Pres s.
Turing, A.M. (1952) ̒The Chem ical Basis Of Morphogenesis .̒ Philosophical Transactions of the Royal Society of London. Series B, 
Biological Sciences, Vol. 237, N o. 641. (Aug. 14, 1952), pp. 37-72.

There are several different types of bifurcation, all of them  

resulting in different patterns, below  are tw o of the sim plest 

types.

Other m ore com plex types of bifurcation include subcritical 

pitchfork and shifted pitchfork

Convection Currents
Som e patterns such as the 

hexagonal ones that you can 

see w hen you lightly heat oil 

happen as a result of 

convection currents. A s the oil 

gets hot, it rises to the top, and 

as it reaches the top, it cools 

and sinks back dow n. 

This creates convection 

currents, w hich m aintain 

the honeycom b like 

pattern. A sim ilar 

phenom enon can also be 

seen in convection cells in 

the sun

Turing predicted that tw o reacting and 

diffu

s

ing chemi cals can produce a 

pattern if the inhibitor diffus es  mu ch 

faster than the activator. A n activator 

causes grow th in the concentration of 

reactants w hereas a inhibitor causes a 

depletion. H e used this to explain 

m orphogenesis - the developm ent of 

shape or form  in plants and anim als

Sum m ary



Experience week – ToC causal pathway 

Experience success at being a 
physicist/mathematician/chemist at 

university

Feel that a STEM career is for people 
like them

Increase confidence in their ability to 
study technology, physics and 

engineering post-16



Outcomes (pre & post NERUPI)

Gain a positive first-hand 
experience of University 
environment & student 

life

Establish positive 
relationships, support 

networks with others from 
a variety of social, 
cultural and ethnic 

backgrounds

Build capacity for 
independent learning, 
self-directed study and 

enterprise

Better evaluate course 
and graduate 

opportunities and make 
informed choices aligned 
with personal interests 
and career aspirations

Situate existing 
knowledge and interests 

within the context of 
university degree 
programmes and 

academic disciplines

Discover career benefits 
of higher education and 

the employment 
opportunities for 

graduates



Outcomes (pre + post NERUPI)

Experiences 
student life

Connects and 
collaborates 
with others

Independent 
learning

Opportunities 
and choices 
matched to 

interests

Experiences

 programmes

Why HE and 
future careers



Mapping outcomes against NERUPI 
Level Three (education stage: Post-16)

Theory Curriculum Keyword Aims

Social and 

academic 

capital

Progression curriculum Know
Why HE and future 

careers

Habitus Student identities Become

Experiences student life

Connects and 

collaborates with others

Skills 

capital
Skills curriculum Practise Independent learning

Social and 

Academic 

Capital

Progression curriculum Choose
Opportunities and choices 

matched to interests

Intellectual 

capital
Knowledge curriculum Understand Experiences programmes



Adapting questions (pre & post NERUPI)

I know what it would be like 
to study Physics at university

I feel confident in 
my ability to study 

at university



Evaluation

12 LIKERT SCALE 
ITEMS

5 OPEN ENDED 
QUESTIONS



Statistics

▪Analysed as ordinal data

▪Sign test addressed if the 

median of differences in 

responses was different from 

zero

▪Paired differences insight of 

changes at individual participant 

level

LIKERT SCALE 
ITEMS





Thoughts about … 

▪ “I now am thinking about maths as a degree whilst before I only 

wanted to do computer science.”

▪ “There are multiple paths to my end goal other than just one.”

Preconceptions challenged & questioning 

Self select group & small changes



Open ended questions - Themes

Themes Example of response

HE choices “Made me rethink the degree I want to choose”

University life
“It made me understand and appreciate the jump to 

university teaching style more...”

STEM subjects “It helped me develop more of an interest in chemistry”

Knowledge of 

Research

“I gained insight on the future of STEM. Especially the 

sustainability aspect of materials, chemistry”

Careers
It made me realise they were more careers in STEM 

and maths”

HE and interpersonal 

skills 
“I think I’m more confident in talking to academics”



Reflections on using NERUPI

▪Strategic about scale and scope

▪Start small

▪Unpick quantitively (Likert items) with qualitative (open 

ended questions)

▪Framework and banks of questions will evolve with time



Thanks for listening 
and happy to answer 
questions!

Antonio Portas

(antonio.portas@northumbria.ac.uk)
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