The
Scholars
Programme

Century

Key Stage 4 Programme

Pupil Nome

SEHEEEAT Alexander Cowley

Designed by Alexander Cowley % &5




Timetable and Assignment Submission

Timetable — Tutorials

University of Bristol,

1 (Launch Trip) 14/01/2019 10:30 Sirestfie i Camps
2 The Taunton Academy
3 The Taunton Academy
4 The Taunton Academy
5 The Taunton Academy

6 (Draft assignment

—— The Taunton Academy

7 (Final assignment

feedback) The Taunton Academy

Timetable — Homework Assignments

Tutorial 1 Baseline assessment — basic concepts
Tutorial 2 Poster — public awareness campaign
Tutorial 3 Mini essay — Pick a question

Tutorial 4 Recap activities — short-answer questions
Tutorial 5 Draft assignment — designing an experiment
Tutorial 6 Final assignment — designing an experiment

Assignment Submission — Lateness and Plagiarism

Lateness

Submission after midnight on: Wednesday 27 10 marks deducted

March 2019

Some plagiarism 10 marks deducted
Moderate plagiarism 20 marks deducted
Extreme plagiarism Automatic fail

Page | 2



KS4 Programme — Pupil Feedback Report

Grade What this means

T 70+ Performing to an excellent standard at A-level

2:1 60-69 Performing to a good standard at A-level

2:2 50-59 Performing to an excellent standard at GCSE-level
e 40-49 Performing to a good standard at GCSE-level
Working towards a pass 0-39 Performing below a good standard at GCSE-level
Did not submit DNS No assignment received by The Brilliant Club

Any lateness 10 marks deducted

Some plagiarism 10 marks deducted

Moderate plagiarism 20 marks deducted

Extreme plagiarism Automatic fail

Name of PhD Tutor

Alexander Cowley
Title of Assignment

Name of Pupil
Name of School
ORIGINAL MARK / 100

DEDUCTED MARKS FINAL GRADE

FINAL MARK /100

If marks have been deducted (e.g. late submission, plagiarism) the PhD tutor should give an explanation in this
section:

Knowledge and Understanding Research and Evidence
Developing an Argument Critical Evaluation
Structure and Presentation Language and Style

Further Comment

Page | 3



Contents

Timetable and ASSIGNMENT SUDMISSION. ... 2
KS4 Programme — PUpil FEEADACK REPOIT ...t 3
COMTENTS .ottt 4
COUISE ROTIONQAIE .ottt 5
MOTK SCNEIME TG ...kttt 6
GlOSSANY OF KEYWOITS ..ottt sttt ss s e sse e s s s s ses s sensen 8
Tutorial T — Introduction to the Skin, INtrodUCTION 1O CONCEAL ..ot 10
Tutorial 2 = AN INTFOAUCTION TO PDT ...ttt 13
Tutorial 3 — A Closer Look at the PrinCiples Of PDT ... vesve s 16
Tutorial 4 — PDT ANA Cell DOATN ...ttt 19
TULOrIAl 5 = The SCIENTIFIC PrOCESS ..ottt 21
Tutorial 6 — Draft assignment feedback and refleCtion.........eseese s 25
Tutorial 7 — Final assignment feedback and refleCtion......... e 26
Appendix T — ReferenCIiNG COMECTIY ... e 27
APPENAIX 2 = USING TNE VLE ...t 28
INOTES oo 29

>age | 4



Course Rationale

Cancer is a topic that we have all heard of, but no one truly understands. It is a complex and diverse
range of diseases, some of which are more lethal than others. Each year, around 350,000 people are
diagnosed with some form of cancer in the UK alone. That is a figure three times the population of
Exeter. The number of people dying from the disease is slowly falling, but the number of diagnoses is
rising. An entire degree could be spent studying cancer in general, but for the purpose of these

tutorials we will look specifically at skin cancer.

Skin cancers are by far and away the most common types of tumour in the UK. In fact, some types of
skin cancer are so abundant that they are excluded from official cancer statistics. When thinking
about skin cancer, most people's attention turns initially to melanomas. This is understandable,
because melanomas are the most aggressive form of the disease..and potentially the most likely to
cause death. Other types of skin cancer shouldn't be overlooked though and these tutorials focus on

a specific treatment approach used to target these NON-melanoma skin cancers (NMSCs).

Photodynamic therapy — PDT — is used across the world to treat cases of NMSC, plus other skin
complaints such as psoriasis and even the most severe cases of acne. This series of tutorials will look
at the three components of PDT: the drug, the oxygen and yes, the light as well that must all be
present to cause cell death. There will be time to consider how we might improve this therapy in future
- to make PDT even more successful. If your interests lie in other topics outside medicine, there will be
opportunities to learn about physics, cell biology, chemistry, even a little bit of history thrown in for
good measure! Featuring data and results that | have collected from my own work so far, these will be
challenging but fascinating sessions that should inspire you to pursue your own ambitions over the

coming years.

Low Density Scale Bar= 100um  High Density Scale Bar = 100pm
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Mark Scheme Table

Your final assignment will be marked according to the mark scheme set out in this table. Try to read
through the list before starting and take on board all the advice below. This will help you achieve as high a
mark as you can from your work.

Skills

Knowledge
and
Understandin

9

Research and
Evidence

Developing
an Argument

Critical
Evaluation

1t(70-100)
All content included is
relevant to the topic
and to the specific
question/title
Thorough
understanding of all
the relevant topics.
Scientific terms are
clearly defined and

used accurately

throughout
Clear justification and

evaluation of how the
content included is
related to the specific
issues that are the
focus of the
assignment

2:1(60-69)
All content included is
relevant to the
general topic and to
the specific
guestion/title
Good understanding
of all the relevant
topics.
Scientific terms are
defined and used

accurately

throughout
Clear justification on

how the content
included is related to
the specific issues
that are the focus of
the assignment

2:2 (50-59)
Most of the content
included is relevant to
the general topic and
to the specific
question/title
Good understanding
of most the relevant
topics
Scientific terms are
used accurately but
not always clearly
defined.
Adeqguate justification
on how the content
included is related to
the specific issues that
are the focus of the
assignment

Inclusion of rich
sources of research
findings, data,
guotations or other
sourced material as
evidence for the
claims/ ideas
Compelling use of
evidence/calculation
s to support
claims/assertions/ide

as, consistently

Inclusion of well-
selected sources of
research findings,
data, quotations or
other sourced
material as evidence
for the claims/ ideas
Use of
evidence/calculation
s to support
claims/assertions/ide
as, consistently and

Inclusion of adequate
sources of research
findings, data,
qguotations or other
sourced material as
evidence for the
claims/ ideas

Use of
evidence/calculations
to support
claims/assertions/idea
s, mostly convincingly

clearly and convincingly
convincingly
Argument/proof Argument/proof well- Argument/proof clear

exceptionally well-
developed, well-

justified and
sustained throughout

developed and well-
justified

and well-developed
ond position justified

Consistent
assessment of the
value or significance
of what is described
Evaluative points are
consistently and
convincingly
explicit/systematic/re
asoned/justified
Effective critigues on
the reliability of
sources provided

Moved beyond
description to an
assessment of the
value or significance
of what is described
Evaluative points are
consistently
explicit/systematic/re
asoned/justified
Consistent attempts
to critique the
reliability of sources
provided

Mostly description but
some assessment of
the value or
significance of what is
described

Evaluative points are
mostly
explicit/systematic/re
asoned/justified
Some evidence of
critigues on the
reliability of sources
provided
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Structure and
Presentation

Language
and Style

Ideas are excellently
structured in
paragraphs and
arranged in a logical
order that is

appropriate for the
assignment

Ideas are presented
in paragraphs and
arranged in a logical
order that is

appropriate for the
assignment

Ideas are presented
in paragraphs and
arranged in an order
that is mostly

appropriate for the
assignment

Writing is_clear and
fluent with no_spelling,
grammar or
punctuation errors
Writing style is
focused and clearr,
appropriate for
scientific documents
and easy to follow
Accurate and
consistent use of
technical language
and vocabulary

No spelling, grammar
or punctuation errors
Writing style
consistently clear,
appropriate for
scientific documents
and easy to follow
Accurate and
consistent use of
technical language
and vocabulary

Minimal spelling,
grammar or
punctuation errors
Writing style mostly
clear, appropriate for
scientific documents
and easy to follow
Some attempts of

using technical

language and
vocabulary, but not

always accurate
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Glossary of Keywords

If there are any important words or phrases that you are not familiar with, add them to this glossary in the
table below.

Cancer

Epidermis

Non-melanoma skin
cancer (NMSQC)

Photodynamic
therapy (PDT)

Photosensitiser

Protoporphyrin IX
(PpIX)

Free radicals

Haem cycle

Aminolaevulinic acid
(ALA)

Definition

A group of abnormal cells that are
able to grow indefinitely. Also known
as a “tumour”.

In a sentence

At least 200 different types of cancer
have been identified, each one
affecting a different type of cell in the
body.

The outermost layers of skin.

The epidermis contains several
different cell types, older cells on the
surface, younger cells lower down.

Tumours that originate in different cell
types compared to melanomas.

Non-melanoma skin cancers have a
much better survival rate than
aggressive melanomas.

A type of treatment involving light,
oxygen and a photosensitiser.

Photodynamic therapy is widely used
the world, with a high success rate.

A molecule that can interact with
light to bring about changes in a
different molecule.

In photodynamic therapy, the
photosensitiser is protoporphyrin IX.

A naturally-occurring molecule that
interacts with light to cause cell
death during PDT.

Protoporphyrin X is the
photosensitiser that accumulates
within cancerous cells during PDT.

Sometimes known as “reactive
oxygen species”, these particles have
unpaired electrons that make them
more reactive.

Examples of free radicals are
superoxide and hydroxyl radicals.

The process that leads to iron-
containing compounds being formed
within nearly all cells.

Fortunately, you will not have to learn
the haem cycle off by heart!

One type of drug that occurs
naturally in the body and is used in
PDT.

Even though aminolaewvulinic acid is
commonly used in PDT, other
synthetic drugs have been created
with greater efficacy.
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Oxidative stress

Control

The processes that occur within a cell,
when the amount of reactive oxygen
species significantly exceeds the
amount of antioxidant molecules.

PDT works by inducing oxidative
stress in cells.

A type of experiment where the
amount or functional activity of a
compound (or analyte) is measured.

A range of protein assays are used in
biology and chemistry to determine
the amount of proteins present in
sample.

A variable or parameter that is kept
the same throughout an experiment
so that any change in the results is
known to be caused only by the
compound or treatment being tested.

Including a control in our experiments
helps us ensure that other factors are
not influencing our results and are not
affected by anything else.
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Tutorial T — Introduction to the Skin, Introduction to
Cancer

U Greetings! I’'m Alex and | will be guiding
you through these next six sessions with
an insight into cancer, specifically skin

cancer.

U As a first-year PhD student at the university of
Exeter, | enjoy my work. Having been through 01/1'//,”9 ,/7 J/Se/fand
four years of university before settling here in
Exeter, | know how daunting the prospect of

university life and study can be.

" 4

U You are sure to find these tutorials interesting

and these may lead to you perhaps

considering university study yourselves — U As was mentioned in the introduction
even if you didn’t think this would be a on page 6, skin cancers are not just
possibility before now. confined to melanomas. In fact, the

overwhelming majority of diagnosed
skin cancers are not melanomas.
These are the types of less severe
skin cancer that can be successfully

treated using photodynamic therapy.

U Photodynamic therapy is an
g alternative to chemotherapy, for use
% in non-melanoma skin cancers. Trying
to improve its efficacy is one of the

main aims of my PhD project.

‘:un S
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muscle S O Hopefully you will have a
Oil gland reasonable understanding
m:,’“ of the basic anatomy of
the skin. But let’s take a
Blood vessels closer look, this time at
Hair follicle { “ the epidermis in
Dudi of ‘ A Ciaria particular.
sweat gland _ /
Nerve ¢ : : 0O Learning about the
f | ! structure of the epidermis
Sweatgland " \ will come in handy when we
(produces - ‘ : look at PDT in the next
L — $ tutorial.
Subcutaneous
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Can you fill in the diagram,
labelling the main layers
and cell types within the
epidermis?
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G1/S checkpoint

Interphase

O  The cell cycle is an important concept to
understand in biology. Normally, cells are
kept in check by checkpoints and a range of
molecules to stop them dividing (proliferating)
uncontrollably.

S
DNA replicates

G2
growth, preparation for
cell division

2/S checkpoint

O  You should be aware ofthe stages of mitosis
(think ProMAT):

Ve Prophase
: > Metaphase
: >  Anaphase
»  Telophase
M checkpoint
2013 Creative Lc

O Below is a famous and frequently used diagram taken froma
paper by two highly respected molecular cell biologists. It
ilustrates effectively the features oftumours that distinguish
them from normal, healthy cells.

U Tohelp leam the six *halmarks ofcancer”, make sure you %% ":-‘
are comfortable with what the words and phrases mean. 7o |
Then think up a mnemonic to memorise them, Like SIRI ME: ang ,g:”stand the

Omal ceps 2! Vel ,
> Sustain @nceroys me /.
» Induce F
» Resist
> Immortality
» Metastasis
» Evade

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality
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Tutorial 2 — An Introduction to PDT

Basal cell
carcinoma
Squamous cell
carcinoma \| o\
Epideris
L Ve
Dermis

O Questions for consideration:

»  Why might the SW ofthe UK
have a higher incidence of
NMSCs compared to other
regions?

»  Why are fairer-skinned,
Caucasian individuals more
susceptible to skin cancer
generally?

Melanoma

Look at the diagrams
: illustrating the origins for
- ) different types of skin
cancer. Refer back to the
previous tutorial, looking
at the normal structure of
- human skin. Can you see
[ / how melanomas are
A K B \ more aggressive, more
lethal, than non-
melanoma skin cancers?

Non-melanoma skin cancer, England, 2006-2008

Directly standardised registration rate per 100000 per year
37.3-914

B 91.5-1185

Il 1186 - 1445

I 1446 -181.0

Northern & Yorkshire

B 181.1-3138
] Regional Cancer Registries
[__] Thames Registry (LAs)
North West
N
" ‘! . West Midlands ' Eastern

S
0 100 km
[ ]

South West
Thames
L4
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0 Toanswer this objective, let's break this topic into sub-questions:

»  What?

Photodynamic therapy (PDT for short) is a form of treatment for certain skin conditions. In
this project, | look at PDT in the context of non-melanoma skin cancer (NMSC), but it can be
used to treat psoriasis and particularly nasty cases of acne.

»  Why?

It is successful and, compared with chemotherapy and high-energy radiation therapy, PDT is
not associated with as many serious adverse effects.

»  Where?

PDT is in use around the world. Depending on the patents owned by companies licensed to
sell the treatment, as well as different regulatory authorities, the specific details may vary
slightly between country.

Skin around any part of the body can be targeted using PDT.

» When?

The principles of using light as a treatment strategy for dermatological conditions like
NMSCs and psoriasis have been known for decades. It was only relatively recently that
government agencies in the US, Europe and elsewhere finally approved PDT for use in a
limited number of disorders.

Like chemotherapy, PDT requires several visits to a hospital, and careful supervision by
qualified staff to ensure patients are not harmed during the procedure. Each session can
take an hour or more. As you can see from the before and after photos below, the results are
normally well worth this inconvenience.
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Q There are different photosensitisers,

depending on the type of PDT in use.
For my project, the photosensitiser is
protoporphyrin IX - or PplX.

PHOTOSENSITISER

Photodynamic
Therapy

OXYGEN

O In PDT, light interacts with a

photosensitising compound called
protoporphyrin IX (PplX). The light
stimulates PplX to a higher energy
level. This is crucial for the next
step of the treatment process,
involving oxygen.

0 Oxygen is of course vital forour
very existence. However, as we
shall see later on, oxygen is also
important in PDT because it
allows free radicals to generate.
This causes cell death in the
tumour cells, for reasons that will
become apparent in due course.

unpaired electron

P e O
[®)

et o O

donation =~ 0 \

g |

: o

o o

FREE RADICAL
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Tutorial 3 — A Closer Look at the Principles of PDT

A Tale of
O s, Two Compounds

O No prizes forguessing what the haem cycle is responsible for synthesising. Butitis a
complicated process, with just some of the stages outlined in this diagram.

O The first and last steps take place in the mitochondria — these are the “powerhouses” of
the cell that are responsible for generating energy.

O  One hallmark of cancer cells is their ability to upregulate processes, such as the haem
pathway. This makes it an attractive target foran intervention with PDT.

U  The two PDT-relevant compounds to remember in the haem process are aminolaevulinic
acid and protoporphyrin IX. Do not confuse these two. ALA is the drug that's
administered to patients. It causes PplX to accumulate in cells. PplX is the
photosensitiser that is stimulated by light.

»  ALA: this is the drug that is applied to a patient’s skin, the ointment that is rubbed
over the tumour or lesion. As you can see from the haem diagram below, ALA
also occurs naturally within cells, but adding it to tumours helps to accumulate
even more protoporphyrin 1X.

»  PplX: this is the photosensitiser that builds up within target cells. PplIX builds up
when ALA is given. It is the PplX that acts as the photosensitiser.

O Here's a question foryou to
find out in your own time
outside of the tutorial: What
name is given to the group
of disorders characterised
by a lack of functioning
enzymes in the haem

Succinyl CoA

pathway? -
== AMINOLAEVULINIC Intermediate
--" ACID (ALA) stepsin the
cytosol

Rate-Limiting Ste‘ps

-

~ =~ Photosensitiser
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The Oxygen
Y4 ey,
Paradox e o 01,

You should alreadybe familiar with concentration gradients: a fluid hasan
intrinsic tendencyto flow from an area whereit is in high concentrationto
aregion where it is less concentrated.

Without oxygen, we would suffocate and quickly die. Oxygen s vital in
aerobicrespiration, so without it cells are starved of energy and will not
function.

The atmosphere is made of a mixture of gases: oxygen s the second-
largest component of the air we breathe — making up about21%. If we
measure the mixture of gases in cells, the amount of oxygen will be less.
Much, much less. But this is fine: most cells are normally exposedto 2-
13% O,.

In fact, too much oxygen could pose a problem for cells. Look at the
followingwords, what do you think they mean? Hint, break each wordin
two and think about their meanings.

PhysioXi@: ........cccoeeeeeuee.. : O Howcan it be, that the .
HYpoXi@: .....ocoeeeeerrnan, | oxygen we need to sustain
| life and help fuel our
1 cells...is used so effectively
! in PDT that it kills cells?

Hyperoxia:............c........
ANOXiQ: ..o

Y VYV

Abnormal

Phenotypic O]

changes

o i undevsi o
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O Light is a spectrum of different

wavelengths. Photosensitisers — like
PplX — absorb light at a particular %%

wavelength and store it temporarily to Leay, abo,
become “excited. fo’eé'cz;b,xs., p Y redoy
/ &bﬁa erad'fba/
“OXiglg anty-
. Qox.
Excited State
+
_ O When they've had enough
5:\?2'”9 'Resting Level excitement for one day, they
release that EXCcess energy and
return to their resting state.
However...
|m——————————
O ...This energy has to go somewhere (Law of Conservation of 0 Make sure you are

happy with how the
three components

|
|
Energy — it is neither created nor destroyed), so it ends up knocking | :
|
|
| of PDT (that I
I |
|
|
I |
|

electrons off oxygen molecules.

“treatment triad”
from before) all link
together.

O These resulting “free radicals™ or “reactive oxygen species” may
have spare electrons that make the particle unstable and more
reactive.

O Some common reactive oxygen species are shown below. For
PDT, the most important one is superoxide.

0:0: O:0: :0:0:
Oxygen Superoxide anion Peroxide

= -2

HOOH OH OH
Hydrogen Peroxide Hydroxyl radical Hydroxyl ion
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Tutorial 4 — PDT and Cell Death

[ Cell death is a complicated topic. At
university, biomedical courses may
dedicate whole modules to the principles of Oveny,

cell death. It is an important topic to discuss Clation, ”deaz/,
though, especially where PDT and cancer Stress g, e
facqw- nd Py
treatment are concerned. EM’EO oy
IBC/bsxjg osls

O Oxidative stress: the free radicals and reactive oxygen
species we looked at previously are potentially cytotoxic in
large quantities because they damage various organelles
and biomolecules. In some cases where there is
sustained, excessive accumulation of ROS, cell death
pathways may ensue.

O Normally there are compounds that help to sequester
these oxidative species. They are called anti-oxidants.

O The balance between pro- and anti-oxidants must be kept
in check, otherwise a cell goes into oxidative stress.
Excessive oxidative stress can lead to cell death.

PRO- ANTI- OXIDATIVE DAMAGE

CELL TRAUMA AND INFLAMMATION

&

As with most areas of biology, the table of
differences between apoptosis and necrosis
is not black and white. The features of one
type of cell death are what we would
usually expect, but are not necessarily
found in every instance.

Normally affects individual cells at a time Clusters of adjacent cells may die together

© .

O There are many ways by which cells
can die. Apoptosis and necrosis are
two ofthe more common forms.
These are the types of cell death
referred to in the context of PDT.

No inflammation is observed An inflammatory response is stimulated

Cells shrink as their contents are degraded Cells swell significantly (consider the
analogy of a star enlarging to a red giant

before it dies)

DNA and associated proteins are broken
down in a controlled manner
Energy-intensive process

Cell structures contract into “apoptotic
bodies” and the membrane loses its typical
shape

The dead cell is taken up by nearby cells

Poorly regulated and random degradation of
nucleic acids
No energy required

Membrane integrity is completely lost as the
cell enlarges and bursts

Dead cells are scavenged by types of white
blood cell called macrophages

Page |
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MITOCHONDRIAL (INTRINSIC) DEATH RECEPTOR (EXTRINSIC)
PATHWAY

PATHWAY
[ ]
" Receptor-ligand interactions
*Fas
* TNF receptor

Cell injury
« Growth factor Adapter proteins
withdrawal ‘
* DNA damage P
iati Initiator
t(ngr::?‘f?::n' Bcl-2 family CHCREE S == caspases Phagocyte
* Protein Bociiles Pro- otic PR
misfoldin egulators apopt —_
(ER s(resgs) Bel-2 (Bel-2, Bel-x) proteins caspases

Endonuclease
activation cytoskeleton

Ligands for
phagocytic
cell receptors

Cytoplasmic bleb Apoptotic body
@© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

O Another form of cell death include autophagy, characterised by cell fragments forming self-
contained vesicles that merge with an organelle called the lysosome. Enzymes are secreted from
the lysosome into the vesicle, which degrade the proteins within the fragmented cell.

Even more types of cell death exist - some regulated, others less so. These are rarer but still

physiologically important in mammalian cells. Can you explore these different forms of cell killing
and understand the differences between them?

= Ferroptosis

= NETosis
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Tutorial 5 — The Scientific Process

O PDTis good, but it is not quite perfect. If it were, there wouldn’t
really be much need for me to study it at PhD level. The upsides

9es of >

>

have been explored extensively in previous tutorials. That said,
some of the drawbacks with PDT in patients are:

Sensitivity to light: if a patient has a skin lesion on their
head or neck that requires several rounds of PDT, the
light will be directed over the majority of their face. After
treatment, bright lights may cause discomfort.

Localised pain: where the ALA is applied to the skin,
blistering and tenderness may be experienced by the
patient. This tends to be temporary, but still causes
further suffering for the duration of treatment and for
several weeks afterwards.

Length oftreatment: for maximal efficacy, a course of
PDT would last about 6-8 sessions. Each session lasts
for up to two hours. Of course, this is worth it when the
results are so promising. However, as the picture below
shows, the intensity required to effectively kill cancer
cells is relatively high.

PDT Stress Intensity

Low dose PDT

High dose PDT

Cell
Damage

Cell Proliferation  Autophagy Cell death
Lethal stress
Threshold

Stress exceeds a critical duration or intensity
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The Science Process

i WO
Thirk abo, Find out what is currently known. :gent% and a;:lyse problem
Mo, U hoy, entify variables
7 oflned,heses are From observations,
and lesy, ask a question or
93990/}9@, leg) pose a problem Form an hypothesis
"levan, With Testable statement
€ o my Research question
worg 7 O Publish
\\-—/ Evaluate the experiment
e g Investigating Gonduct wias. Carry ou
Evaluate the findings in Scientifically measure and record data

relation to the hypothesis

Use science knowledge to dovobpw

explanations for pattems, trends or Organise data, calculate, construct graphs
relationships in data Analyse data: identify patterns or trends and
relationship bet variabk

> “Aha!” When Sir Isaac Newton was struck on the head by an apple in the 17t century
(allegedly), he made an observation. Something — not a squirrel — must have been responsible
for the fruit falling to the ground. Thus came the theory of gravity.

> “Eureka!” As Archimedes stepped into his tub fora casual bath one fine day in Ancient Greece,
the water level rose and overflowed. This led to the observation that volume or mass could be
measured using one’s knowledge ofdisplacement in a closed vessel.

O These moments in history are well-known, but today’s researchers generally go about discoveries in a
much more studious, less dramatic fashion. The flow-chart above demonstrates how an observation or
an idea is transformed into a question (or hypothesis). The hypothesis must be tested properly, using
validated experiments and controlling all necessary variables. The results are analysed, conclusions
drawn and findings disseminated to peers fortheir critical opinion. Thus the scientific process has been
refined over the centuries to ensure fair and accurate reporting of data forthe good of science and wider
society.

O For complicated legal reasons, | can’t include my own data in this handbook, but during the end of this
tutorial hopefully you will have an understanding of how my work ties into this Scientific Process.

O And finally...

What You Know vs How much you know about it

What You "
Know Undergrad

Everything Master's

Ph.D.

/ Oops! You overshot it!

. g Nothing

‘ / > ALitth Alot How much you

: $ e © know about it
3

WWW.PHDCOMICS.COM
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O Below are some example graphs from my own research. Listen to the method described during the
tutorial and refer to these figures. What do these figures tell you about the data | obtained? Is there
any way the graphs could be improved?

60- . " .
' X ' ] minus ALA
-:|- : . [ plus ALA
s 401 T
z T
X'
o
o
20 _ - - T
O T T T T
O Y 9 Q
q/Qflz Vv AN q/fl/

Oxygen Concentration During Incubation (%)

PplX accumulation in cells incubated at different oxygen tensions. Fluorescence values were calculated
from the standard curve for each assay, giving actual nanomolar concentrations. The difference
between ALA-treated cells at 20% oxygen throughout the experiment, and ALA-treated cells at
physioxia and temporary physioxia are significant (n=4, p<0.05).

AlSO'

- —— ALA (2% O,)
Lo - MAL (2% O,)
c

o

© 1004

c

[}
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PplIX Response to Increasing [ALA] & [MAL] Under Physioxia: A431 cells were seeded in microtitre plates, incubated at
2% oxygen for 48 hours before treatment with ALA or MAL. Post-incubation, the treated cells had their fluorescence
read with a spectrofluorometer (ex 408 nm/em 635 nm).
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Essay writing reflection

Use the checklist below to reflect on your essay writing ability at the moment. Read the statements for each
skill and then tick the box that most closely fits how you currently feel about your ability to do that skill.

You will use this to help your PhD tutor give you feedback in your next tutorial. They will give you specific
advice on how to improve these areas in relation to your draft assignment so be completely honest.

| can.. | con...
o identify what the title or question is asking e select evidence that supports my points
me to do e link evidence to my points and ideas
o select relevant information from the course ¢ clearly and convincingly explain how my evidence
to answer the title or question supports my points
e explain why the information | have used is * usereferences
relevant
Confident PO“.'O”V Not confident Confident POVF'O”V Not confident
confident confident
[ L] L] Ll [ [
Developing an argument Critical evaluation
| can... | can..
e include a point of view or position in e ensure | analyse events and information rather
response to the title or question than just describe them
e develop and explain my point of view e assess the relevance and significance of the ideas
e argue why my point of view or position is and examples | am writing about
correct
Confident PO“.'O”V Not confident Confident PO”?'O”V Not confident
confident confident
[ L] L] Ll [ [
Structuring Use of language
| can... | can..
arrange my points in to a logical order e minimise spelling, punctuation and grammar errors
e write paragraphs that focus on one idea or e ensure my writing makes the meaning clear and
point each easy to follow
e write an introduction that explains how | will  ®  write using and appropriate tone and level of
deal with the issues of the essay formality
e write a conclusion that sums up my main
points
Confident PO“.'O”V Not confident Confident qu’gqlly Not confident
confident confident
[ L] L] (| L] [

Page | 24



Tutorial 6 — Draft assignment feedback and reflection

What is the Purpose of Tutorial 6?

e To receive feedback on your draft assignment
e To reflect on your essay writing skills
e Toidentify practical ways to improve your assignment

What three things can you now do to improve your assignment and your essay writing ability?
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Tutorial 7 — Final assignment feedback and reflection

What is the Purpose of Tutorial 7?

e To receive feedback on final assignments.
e To write targets for improvement in school lessons.
e Toreflect on the programme including what was enjoyed and what was challenging.

Final assignment feedback

What | did well... What | could have improved on...

My target for future work is...

Reflecting on The Scholars Programme

What did you most enjoy about The Scholars Programme?

What did you find challenging about the programme? How did you overcome these challenges?
[ [ ]
[ [ ]
[ [ ]
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Appendix 1 — Referencing correctly

When you get to university, you will need to include references in the assignments that you write, so we
would like you to start getting into the habit of referencing in your Brilliant Club assignment. This is really
important, because it will help you to avoid plagiarism. Plagiarism is when you take someone else's work or
ideas and pass them off as your own. Whether plagiarism is deliberate or accidental, the consequences
can be severe. In order to avoid losing marks in your final assignment, or even failing, you must be careful to
reference your sources correctly.

What is a reference?

A reference is just a note in your assignment which says if you have referred to or been influenced by
another source such as book, website or article. For example, if you use the internet to research a
particular subject, and you want to include a specific piece of information from this website, you will need
to reference it.

Why should | reference?

Referencing is important in your work for the following reasons:
e [t gives credit to the authors of any sources you have referred to or been influenced by.
e [t supports the arguments you make in your assignments.
e |t demonstrates the variety of sources you have used.
e [t helps to prevent you losing marks, or failing, due to plagiarism.

When should | use a reference?

You should use a reference when you:
e Quote directly from another source.
e Summarise or rephrase another piece of work.
¢ Include a specific statistic or fact from a source.

How do | reference?

There are a number of different ways of referencing, and these often vary depending on what subject you
are studying. The most important to thing is to be consistent. This means that you need to stick to the
same system throughout your whole assignment. Here is a basic system of referencing that you can use,
which consists of the following two parts:

e A marker in your assignment: After you have used a reference in your assignment (you have read
something and included it in your work as a quote, or re-written it your own words) you should mark
this is in your text with a number, e.g. [1]. The next time you use a reference you should use the next
number

o eg.l2]

e Bibliography: This is just a list of the references you have used in your assignment. In the
bibliography, you list your references by the numbers you have used, and include as much
information as you have about the reference. The list below gives what should be included for
different sources.

e Websites — Author (if possible), title of the web page, website address, [date you accessed it, in
square brackets].

o e.g.Dan Snow, 'How did so many soldiers survive the trenches?’,
http://www.bbc.co.uk/guides/z3kgjxs#zg2dtfr [11 July 2014].
e Books - Author, date published, title of book (in italics), pages where the information came from.
o e.g.S.Dubner and S. Levitt, (2006) Freakonomics, 7-9.

e Articles — Author, ‘title of the article’ (with quotation marks), where the article comes from
(newspaper, journal etc.), date of the article.

o e.g. Maev Kennedy, 'The lights to go out across the UK to mark First World War's centenary’,
Guardian, 10 July 2014,
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Appendix 2 — Using the VLE

VLE username

VLE password

Please remember the following key details...

You are able log into the VLE either through the link on our website (www.thebrilliantclub.org) or
going directly to the VLE site at (https://portal.thebrilliantclub.org/sign-in).

Please update your profile with your full name and email address- this will allow you to retrieve
forgotten passwords or usernames

If you forget your log-in details you can request them to be emailed to you by clicking the link on the
VLE home page. (If you are still having problems you can email: schools@thebrilliantclub.org)

What is the VLE?

The VLE is a virtual learning environment for all pupils on the Scholars Programme it is used for:

messaging your tutor

submitting homework

submitting your final assignment

accessing resources for your tutorials

finding out more information about university and careers

How should | use the VLE?

The VLE is a professional academic environment in which pupils are able to message their PhD Tutor. Here
are a few things to consider:

Ensure you keep a professional tone in the messages you send to your tutors.
Ensure you always reply to your tutors in a timely manner.

Thank your tutor for the effort they are putting in to give you your feedback etc.
Submit all homework to your tutor on time.

IMPORTANT: Final assignment

When you submit your final assignment, please remember that you need to do so through the ‘My
Activities' tab and not as an attachment to a message.
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Notes
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