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Issues to address:

-  Mathematics is seen by some as old-fashioned: “talk
and chalk” and exams

- Maths graduates often lacking in “soft skills”
(communication, teamwork, open-ended thinking)

- Low uptake in placements, faltering sense of

community
- Previous attempts focussed on CV’s and personality

tests, universally disliked
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New module to address these issues:

- Core, 20 credit, 2" year, year-long module; in each term:
- 6 weeks of “seminars”
- 1 hour class on mathematical methods
- 1 hour fluid session (visitors, team building,...)
- 4 weeks of “group sessions”
- Students presented with set of “real world” problems
- Divided into teams
- Analyse the open problem, write a report, give a
presentation
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Example — Disease Spreading

GRAD SKILLS - SESSION 1 - PROBLEM 1

Disease Spreading

Background

Omne approach to model the spread of a disease through a population is to consider the population
divided into 4 classes: Susceptible, Infected, Recovered, Deceased. We will label the proportion
of the population in each of these classes as S, I, R, D respectively, and a subscript denotes the
time step being measured (so for example (Sa, I2, Ra, Do) = (0.8,0.1,0.05,0.05) means at time
step 2 80% of the population is susceptible, 10% is infected, 5% has recovered and 5% has died).

Getting Started

We need some estimates for the rates at which people move from one class to another: for example
in going from one timestep to the next we might suppose 5% of the susceptible population
become infected; a certain proportion of the infected population might recover or die; and so on.
If initially everyone is suseeptible, see if you can produce plots like the one below.
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Possible Directions

There are many more elaborate models for the spread of disease, here are some ideas to write
YOUT Teport oI

o Suppose that once the deceased population has reached a certain trigger the government

decides to introduce an inoculation /vaceination program. How would you incorporate that
into your model?

« While the plot above is nice, too many of them are overwhelming; what we are really

interested in are things like the total number of deaths; how do they vary as we change
things like the infection rate?

e In the above we said ‘those who are dead will stay dead’. There is a nice zombie general-
ization of this model, Google ‘chalkdust magazine zombie'.

Example — Ash Cloud

GRAD SKILLS - SESSION 2 - PROBLEM 1

Ash Cloud

Background

Suppose there is a large voleanic eruption which spews a huge cloud of ash into the atmosphere.
Airplanes which fly throngh a pocket of dense ash can be damaged, and so we need to restrict
airspace depending on the development of the ash cloud (this actually happened about 10 years
ago). Which regions of airspace should be shut?

Getting Started

We can model the wind as a vector field, and suppose the ash particles are carried along by
the wind. There are some assumptions vou should be making to simplify things, and deriving a
reasonable vector field to model the wind might be a first task (vou do not need to reproduce
the vector field in the picture below).
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Possible Directions

Here are some ideas to write your report on, feel free to improvise:

o It's not so much where the ash is, but instead the density of the ash. As such you might

want to imagine a region of ash particles and how it spreads out, rather than individual ash
particles.

o A vector field is only an approximation to the wind, and there would really be lots of local
fluctuations. Can you build some randomness into vour model?




Example — Disease Spreading
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Example — Ash Cloud
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Pros:

- Opportunity for students to mix and build community
with peers

- Anecdotally: “I never spoke to anyone on my course
before, now we are hanging out/studying together/living
together/getting married”

- Best attendance of all modules

- Anecdotally: “In my placement/grad scheme interview I
had to...and | used this module”

- Students better prepared for final year modules
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Cons:

UK

® May 16, 2023

A 3995 GB adults surveyed
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Public Data For Business

Do you think it is fair or unfair for
universities to make group work - whereby a
group are given the same grade collectively
based on their project - count towards
students’ individual degree grades?

All adults Region Gender Politics Age Social Grade
Fair 20 *
Unfair B1%
Don't know 29 %
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Be careful with L . . . )
lentifying Hidden Locations Using Line Segments

punctuation

In this section we want to derive the criteria for visibility, we will define visibility as true between p and
q if, the line sepment connecting them in not interrupted by the surrounding terrain.

i
1N

| \_I know

— Suriacs I
Lns—nsgmani I

you know what it is you are
showing but you need to tell the

Figure 3: Graphs of Z, vs"eader - what are the green spheres?
What is the picture on the right?

Looking at Figure 3, we can identify that in this instance the visibility is not =
pointd, closer inspection reveals that this is duf the respective z values 6F the 1 coordinate on the line SEQH'IEHT

surface function. We can visually define our visibility to be obscured if,
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Ir = ot

( “’/i'lcrc zp i3 the line segment connecting g, p and z, is the parameterized

et
r= {rpu L .f[Ip1?|rp:|]

And the chservational point as,
q= [Tq~?|rq: :q]

Where zp and zq are the heights of the helicopter and the surface respectively:

‘We can define the vector bebtween p and g as:

‘We note that this vector is defined between g and p for,
te(0.1]
-{ﬁ'.F/ich i is the directional vector;

T=§—F=(rqg— Tp, Uy — Up,2g — Zp)

Put it in words: if the z-

is less than the z-coordinate of
the surface then...

projection of surface function.

e

Again you are struggling with
expressing this clearly, how
about "given some point on the
surface, Z_1 is the height of
- the surface at that point..."

Y

\ lother way round |

Equations are parts of
sentences, so they need full
stops efc.

‘We want to check if the line segment between p and q intersects with the landscape. To do this, we
paremeterize the landscape function f(r, y) by substituting the =.(t) and y.(t) components from the

line segment vector &
.f[rr[t:L yr':t:'] = Zp

Where z; is the "projection’ over line segment.




|5| United States Geological Survey, retrieved on 22nd April 2026 from htt For each member of the team, please rate their contribution to the material content of the report
gov/volcanic_ash/ash_clouds_air_routes_effects_on_aircraft with 5 being the highest contribution and 0 being the lowest.
|6] Skybrary, retrieved on 28th April 2026 from https://sky Lyon Rebecca Svetlana Oskar Irene Sabina Harley
volcanic-ash
[7] UK Civil Aviation Authority, retrieved on 28th April 2026 from ht Lyon D - 1 2 4 4 4 3
safety-initiatives/safety-projects/volcanic-ash/managing-. Rebecc 4 - 3 4 4 4 5
Svetlan
. 1 0 1 5 5 5
Goricks
Oiskar ¢ 4 4 4 - 4 4 4
Irene
This is a really nice piece of work, well laid out with Hadjich 2 U S - - < :
sections, ﬂgur'l_zs, r'n.z:fer'enczs unr_f_ equations. You have Sabina 2 0 5 1 5 i 5
dqnz a r‘eally.nlcn.a piece Fn‘ analysis on the problem, Harley' n . 5 - 5 -
with some quite impressive results. Overall your
dgscpjpﬂgn and expl-:maﬂon iz of a high standard, but For each member of the team, please rate their contribution to the group dynamic (e.g. being
there are a few plm:e.s where it is a bit vague and T present, offering ideas, helping others etc) with 5 being the highest contribution and 0 being the
am not sure what your method is, but that aside this lowest.
is a really good report, excellent in fact in places.
Well donel Lyon Rebecca Svetlana Oskar Irene Sabina Harley
Lyon [ 5 5 5 5 5 5
Presentation: very good (25) /’___"‘\\
Explanation: good (20) I.- v Name Contribution @ Calculated grade @ Penalty Final weightec
Implementation: excellent (30) \ [
\ / Lyon 0.7283 54.62 0% 64.81
T Rebe 0.4430 33.22 0% 54,11
Svet| 1.3084 98.13 0% 86.57
Osk: 0.5495 43.72 0% 61.86
Irene 1.2730 95.48 0% 85.24
Sahi 1.2584 94,38 0% 24.69
UNIVERSITYor

PORTSMOUTH Harls 1.3393 10:0.00 0% 87.73




Cons:

- Students often complain about group work

- Some students don’t show up at all

- Hard to timetable in the right room

- Quite time consuming to manage compared to a
standard module; marking reports takes ages

- Quite hard to choose the “open problems”

- Students sometimes complain about marks awarded

- Rely on personal tutors to mark presentations

- Lots of students don’t do their presentation
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In summary:

- Definitely worthwhile, if time consuming, to run
- Beneficial to the students both directly and indirectly
- A more modern approach to a venerable subject
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