Reports from the RSC Secondary & Further Education Group — 5th
National Conference for Chemistry Teachers & Educators

Inspiring the Next Generation of Chemists
Report on exhibitors — DP
Report on Holly Carter — Apprentice of the Year JF
3. Report on Breakout Session— Lakshmi Hughes, RSC Careers — ‘How to use
RSC career resources to deliver Gatsby Career benchmarks.” JF
4. Report on breakout session — Space Chemistry TB
5. General Report by SW
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1. Report on exhibitors — David Paterson

A range of exhibitors attended the conference with interesting resources for teachers
and educators to peruse and discuss with the company representatives.

e DataHarvest had a set of their latest hardware, including pH and temperature
probes. Of particular interest was the backwards compatibility of some of the
modern BlueTooth sensors with previous generations of the data recording
hardware.

e The Association of Science Education has a range of books to peruse,
including the Teaching Secondary Science series and Language of
Measurements, and a Field Officer was on hand to discuss the benefits of
joining the organisation.

e Grundon, a waste collection company, had the most interesting freebie as a
pen holder in the shape of an oil barrel! The representative discussed the
range of collection services offered, including that of chemical and radioactive
waste.

e Better Equipped were present with a range of apparatus available from their
catalogue, including differently shaped plastic delivery tubes, balances,
glassware and data loggers.

e YPO had a very interesting range of scientific toys and games to increase the
learning and discovery in the classroom, including Knex STEM kits and
Educational Advantage’s Food Chains Game.

e TIMStar had a wide range of equipment to looks at and discuss, including
datalogging hardware, and a modern oscilloscope that is significantly simpler
and easier for teachers and students to use.

e Philip Harris had a wide range of equipment available to investigate and try
out, including an interested method for calculating the gravitational field
strength based on a falling magnet through coils of wire.
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2. Report on Holly Carter — Apprentice of the Year John Firnham

A comprehensive talk about her education, work experience background and the
advantages her more vocational approach had given her.

She studied the academic route to GCE A levels. Chemistry was her favourite
subject and she wanted to help people in the medical field. During her GCE A levels
she managed to get a work placement at Astra —Zeneca, decided to take a more



vocational approach instead of going to university and managed to secure an
apprenticeship at Astra-Zeneca in 2016. She continued to study at Manchester
Metropolitan on a chemical sciences degree course and her fees were paid for
through her apprenticeship scheme.

Her job involves catalysis and flow reactions, researching solubility in organic
solvents and she is currently working to enable Al robots to carry out the
experiments.

She is a STEM ambassador, spoken to MPs about her experience and gives talks
around the country.

Holly Carter — My Journey from School to Award Winning Apprentice of the
Year 2018

Introductory session

For those who are not so familiar with the apprenticeship route to a degree and a
career in the chemical sciences, Holly Carter gave an inspiring talk on her journey
from school to work at Astra Zeneca gaining ‘Apprentice of the Year 2018’ along the
way. What sparked her interest in chemistry? In her younger years’ influences
included a chemistry set, a site visit and work experience at Astro Zeneca. She
always enjoyed the practical aspects so an apprenticeship was ideal and gave her
the opportunity to achieve a degree in 5 years whilst also getting valuable work
experience. She discussed the advantages over the traditional university route in
that she could achieve a degree whilst being paid and without incurring the student
debt. As well as the in-company training, some work is by distance learning but she
also attends university for live lectures, seminars and practical lab. experience with
apprentices from other companies. Additionally, she has valued the wider experience
and opportunities it has given her, for example, she is a STEM ambassador involved
in outreach activities, has addressed a conference of around 250 people and has
been involved in training a robot!
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3. Afternoon Breakout Session — Lakshmi Hughes, RSC Careers — ‘How to
use RSC career resources to deliver Gatsby Career benchmarks.’

Lakshmi introduced the session by outlining the Gatsby benchmarks which all
schools and colleges will have to implement by 2020 and discussed the value of
good careers guidance in pupils achieving better outcomes and not ending up
without employment, education or training. She highlighted that the main challenges
are benchmarks 5 and 6 — the encounters with employers and experience in the
workplace. The delegates discussed ideas and Lakshmi challenged their
preconceptions about specific careers and the amount of science involved. There
was a wider discussion on what good careers guidance should look like and what
employers are looking for when taking on employees. She talked through the various
resources that are available from the RSC including teacher workshops run by the
Education coordinators, posters, other RSC publications and online resources.
Lastly, she explored various ideas and gave examples of what schools are doing. All
the delegates went away better informed and with lots of ideas to put into practice.



4. Report on Space Chemistry - Trevor Birt

Presented by Caroline Molyneux — Deputy Head, Sharple School, Bolton and Lead
Educator for the National Space Academy.

Caroline gave her presentation in an entertaining way and was very enthusiastic about
the topic. At the outset, and after a brief introduction, it was apparent that this session
was going to involve tasks and team work.

The content was linked to KS 4/5 science and relating current space exploration and
discoveries to chemistry, physics and biology. Several video clips were used
throughout.

Topics included minerals, tests for ions, volumetric analysis, organic compounds such
as amino acids, survival and states of matter.

The information provided by Mars rovers was discussed and we had to choose from
a list of minerals two that we thought would be useful and essential to astronauts when
they land on Mars. An informative handout was provided that gave a list of common
minerals and their uses on Earth. This brought in the tests for ions, and the expected
observations, to assist in the identification of these minerals.

How life may have started on Earth brought up the topic of amino acids and the Miller-
Urey experiments with ‘primordial soup’. It also looked at the Rosetta mission to
Comet 67P and the data sent back which recorded the detection of organic molecules
etc. A suggested practical exercise was to provide students with artificial comet
samples doped with amino acids and get them to carry out amino acids tests.

Looking much further into the future we considered the idea that Jupiter's moon
Europa might be a place for humans to inhabit. This gave an opportunity to compare
the states of matter of a variety of elements and compounds, such as water, nitrogen,
oxygen etc., as they are on Earth at 200C and Europa at -1600C.

The session ended with ‘particle motion’ in the different states of matter. We were
persuaded to get on our feet and mimic these movements. With the accompanying
music we were literally ‘dancing in the aisles’.

An excellent session.

Twitter @molymolyneux
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5. General Report by Sam Walker on the day-

PT of Videos

Also do videos on what is in the news/world cup etc.

Began with BD Shaw doing public engagement @ Nottingham, now award a medal
in his name to people involved in public engagement. Supercritical fluids on test
tubes site is where it all started.

Holly Carter — Apprentice of the year 2018

Lab scientist, 3-year foundation degree, 2 more years for top up to BSC. Salary,
RSciTech and uni fees paid too. FdSc Chemical Science. A lot of distance learning
using Moodle, one day a week in work dedicated to this watching webinars.

AQA Feedback from 2018 Exams



Comparable outcomes, E.g. 2018 Grade 5 will equal a 2022 grade 5.

The standard shouldn’t change but numbers of those reaching standard can change.
Lower grade boundaries for one particular spec doesn’t make it easy.

20-30% of questions are common between F and H. “chained equipercentile
equating” allows grade 4 on both tiers to be at the same standard.

At A level, there is a decrease in the overall A Level entries but Chemistry is
increasing.

Keynote — Helen Sharman

Helen was amazing, such an inspirational lady and very engaging. Related her time
in space in the early 90’s to modern space issues and everyday Chemistry.

Early in life she decided to study science as it opened more doors. In space all
elements are created. She worked in display screen technology being the only
Chemistry. The she worked for MARS in ice creams as research technologist
working on the new ice cream mars bar, developing flavour and sweetness
perception at low temperatures.

Then she moved to chocolate department and involved in tasting. Listening to the
car radio one day on her way home from work she heard an advert on the car radio
wanting an astronaut. UK government didn’t fund UK space flight at that time but
Russia had offered a seat. The mission was to be 2 years from the date of the
advert. Helen was excited by the prospect of the training but almost didn’t apply as
thought a military guy would get it. Timothy Mace (Army air corp) was also chosen
for training at Star City in Moscow. One would go up the other was back up. She had
3 months to learn Russian as all training was conducted in it. In 1989 she had
theoretical lessons, then 18 months of training and simulators. Helen and two
Russian planned to go up for 8 days, the Russians would stay and Helen would
return with returning crew. Flew up on Soyuz rocket fuelled by Kerosene with liquid
oxygen. Take 530s to use all the fuel (max 3.5G) to get 3.5km above the earth. 2.5
hours after leaving Earth they can removed their spacesuits. She felt congested and
her head was fatter due to lack of gravity. Body balanced out after a few days due to
expelling 2.5L of urine. This can cause problems as other chemicals e.g. Ca and K
also lost. Kidney stones and muscle loss is an issue. They think that ion exchange
through the muscles is messed up by weightlessness. Also, some drugs like
ibuprofen don’t have the same effect on the body in space. There are no convection
currents in space so you end up breathing in what you have just breathed out, so
CO2 conc increases and becomes dangerous so need to circulate and filer the air.

It took two days to get to the space station and in 1991 only method of
communication with Earth was via radio. Her role was to carry out some experiments
and looked at how potatoes grow in space. To this day they have still not managed
to grow potatoes or fruit from seed in space. Green chlorophyll pigment is affected
by radiation. Plants that don’t have hormones for their roots grow in all directions so
they had to use strong magnets to force the direction.

They can grow salad, e.g. basil though. Sense of taste diminishes in space.

She also looked at crystal growing, protein crystals. These are difficult to grow on
Earth but in space they grew bigger and better.



For water they condensed the water vapour on cold panels. They produced oxygen
by heating Lithium Chlorate. LiOH crystals were used to remove COz2. NH3, from the
breakdown of sweat, was removed by passing over charcoal filters, which also
removed CHa4. Heat passed into liquid NHs pipes on outside of station to radiate the
heat in to space. Space toilets were air flushed. You don’t want to waste anything in
space so they used reverse osmosis and distillation. Add Ag+ and then reheat so
urine can be drunk. Electrolyse the water to get O2 but the H2 was wasted and
vented in to space. Looking at ways today of how to use the hydrogen.

Current crew in space station are working on where do we go next = Mars.

Issues though are radiation could blind the astronauts and give them cancer, they
think they will develop drugs to prevent this. Also, growing fruit for Martian astronauts
not possible at mo.

iodic table | |

This was slightly disappointing for me though | don’t know what | expected. There
were some fabulous demonstrations but the talk was about the data behind the
periodic videos and how many viewers and videos etc. they had which was
interesting but not particularly useful.

GCSE 2018 reports breakout

Discussed how questions and mark schemes are written then about the fact that
AO2 is 40% and is a fundamental part of science, the ability to apply knowledge.
AO2 most maths skills are included in it.

Importance of being aware of the maths skills, listed in spec, was made. Then we
had discussions on some of this years issues.
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Welcome

2 Copyright © AQA and its licensors. All rights reserved. AQA



This meeting will be recorded

Exam boards have an Ofqual requirement to record event
audio.

Recordings are kept for the lifetime of the specification and
not shared as an accompaniment to session resources.

The recording will begin now.
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Outline for the session

 Mark schemes and how we apply them

« AO2-focused questions in GCSE sciences

* Maths-related questions in GCSE sciences

* Practical related questions in GCSE sciences

« Using exam questions to improve student performance

o~
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Mark schemes and how we apply them

 What is the mark scheme for?
 Our GCSE Science mark schemes
 Points-based mark schemes

» Levels of response mark schemes
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What 1s the mark scheme for?

« To evaluate the evidence from each student fairly

» To reward positive achievement

« To differentiate purely on evidence of subject
knowledge, understanding and skills

« To fully and consistently reflect the agreed interpretation
of command words

« To fully reflect the purpose of each assessment

* To credit appropriate responses that reflect the different
ways in which learners may demonstrate what they
know, understand and can do
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Our GCSE Science mark schemes

* The ‘Information to examiners’ section:
« general guidance on the parts of the mark scheme
 explicit guidance on what parts of the mark scheme
mean and how they should be applied
* marking levels of response questions
« exactly the same for all GCSE Sciences.

« Detailed mark scheme for each question:
+ specific guidance on what is/is not acceptable
* points or levels of response marked.
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Points-based mark schemes

« Marks given for each correct point a student gives

« Explicitly define correct (and incorrect) answers

 Emphasis is on the correctness of the response, not the
quality

« Usually used for lower-tariff questions (<10 marks)

 If well-written are very reliable
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Levels of response mark schemes

« Used for open questions where there is a variety of
ways for students to arrive at a mark

« Reward the overall quality of the answer

« Divide performance into chunks of marks (levels) on a
continuum

* Describe the performance at each level

* Generic level descriptors linked to specific command
words

« Same descriptors apply to all GCSE sciences

« Section of indicative content specific to each question
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AQO2-focussed questions in GCSE sciences

 What is AO27?

* Regulatory requirements

 How do we assess AO2?

« Common issues with AO2 questions in Summer 2018

o
10 Copyright © AQA and its licensors. All rights reserved. AQA



What 1s AO2?

AO2 is the skill of being able to apply knowledge and
understanding to provide meaning and explanation to
observed phenomena

It involves making links between theory and data to
make sense of observations

This skill is a fundamental part of science

It is not an ‘add on’ but something scientists do all the
time

11
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Regulatory requirements for AO2

GCSE Subject Level Guidance for Single Science (Biology, Chemistry,

Physics)

AO2: Apply knowledge and understanding of:
= scientific ideas

= scientific enquiry, techniques and

procedures.

Strands

Elements

Coverage

Interpretations and definitions

1- Apply

This strand is

understanding
of scientific
enquiry,

procedures.

knowledge and

techniques and

knowledge and a single
understanding element.

of scientific

ideas.

2 - Apply This strand is

a single
element.

= Full coverage
in each set of
assessments
(but not in
every
assessment).

Scientific ideas are aspects of the subject content. They include the

subject-specific requirements and the requirements for Working

Scientifically as set out in the Content Document — for example,

theories, models and the use of relevant mathematics.

Scientific enquiry, techniques and procedures encompasses, but

is broader than, knowledge and understanding of the core practical

activities. In the context of this assessment objective, it involves

applying such knowledge and understanding to a given context.

The emphasis in this assessment objective is on Learners applying

their knowledge and understanding to provide meaning or

explanation — for instance, to connect theory with particular contexts,

stimuli or materials. This application should relate principally to:

o novel situations that are not clearly indicated in the specification;

o developing further material that is covered in the specification;

o making links between such types of material, which are not
signalled in the specification.

Application of knowledge should also involve determining how to

make sense of connections and linkages within data, information

and detail — although not to the extent of drawing conclusions or

making judgements.

12
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Contexts and making links

* We must assess application of knowledge and
understanding gained by doing the required practicals
primarily in a context that is not given in the
specification

« Students need to develop further material that is given
In the specification

« Students need to be able to make links between
material in the specification, which are not signalled in
the specification
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What do we assess as AO2?

 Most maths skills: calculations, using equations or
formulae, plotting, interpreting and using graphs

« Applying knowledge from an area of the specification to
a context (which might not be a familiar one)

* Understanding the use of models and theories

* Practical skills such as reading scales or taking
measurements

« Understanding of variables, errors, uncertainties

» Using scientific vocabulary and terminology

« Using/interpreting specialist diagrams
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Maths-related questions in GCSE Sciences

 What is Maths in the context of Science GCSE?
» Regulatory requirements
« How do we assess Maths skills?

« Common issues with Maths-related questions in
Summer 2018
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What 1s Maths in the context of GCSE Science?

Assessment of mathematical skills

“The Content Document sets out the mathematical skills
which must form part of each GCSE Qualification in
Combined Science (the ‘Mathematical Skills’) in the ‘Use
of Mathematics’ sections and individual content statements
for biology, chemistry and physics, the mathematical forms
of Working Scientifically and the appendices addressing
different aspects of the mathematical requirements.”

Extract from Ofqual: GCSE Subject Level Conditions and
Requirements for Combined Science
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Regulatory requirements

On page 6 of the content document it is states:

“The mathematics [outlined in the Content document]
should be at levels up to, but not beyond, the requirements
specified in GCSE mathematics for the appropriate tier.”
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Regulatory requirements

In designing and setting the assessments for each GCSE
Qualification in Combined Science which it makes
available, or proposes to make available, an Awarding
Organisation must ensure that, taking the assessments for
that qualification together:

« the number of marks used to credit the relevant
mathematical skills is no less than 20% of the total
marks for the qualification

» those marks are allocated to questions and tasks

related to biology, chemistry and physics in a ratio of
1:2:3
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Regulatory requirements

» the questions and tasks used to target Mathematical

Skills are at a Level of Demand which:

* |Is appropriate to the subject

 will allow effective differentiation between a range of
attainments by Learners in relation to the subject
content being assessed

* in respect of assessments for the foundation tier, is

not lower than that which is expected of Learners at
Key Stage 3 as outlined in the ‘Mathematics

programmes of study: key stage 3, document
reference DFE-00179-2013

19
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Regulatory requirements

* in respect of assessments for the higher tier, is not
lower than that of questions and tasks in
assessments for the foundation tier in a GCSE
Qualification in Mathematics.

« Mathematical Skills are assessed at an appropriate
range of Levels of Demand in each set of assessments
and over the lifetime of the qualification.
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Content Document requirements

Appendix 3

Mathematical skills required for biology (B), chemistry (C), physics (P) and combined
science (CS)

Mathematical skills Subject
1 | Arithmetic and numerical computation
a | Recognise and use expressions in decimal form B|[C|P|CS
b | Recognise and use expressions in standard form B|C|P|CS
¢ | Use ratios, fractions and percentages B|C|[P|CS
d | Make estimates of the results of simple calculations B|C|[P|CS
2 | Handling data
a | Use an appropriate number of significant figures B|C|[P|CS
b | Find arithmetic means B[C|P|CS
¢ | Construct and interpret frequency tables and diagrams, bar charts B|C|P|CS
and histograms
d | Understand the principles of sampling as applied to scientific data B CS
e |Understand simple probability B CS
f Understand the terms mean, mode and median B P|CS
g | Use a scatter diagram to identify a correlation between two variables | B P|CS
h |[Make order of magnitude calculations B|C|[P|[CS
3 | Algebra
a |Understand and use the symbols: =, <, << >> > o ~ B|C|[P|CS
b | Change the subject of an equation C|P]|CS
¢ | Substitute numerical values into algebraic equations using C|P|CS
appropriate units for physical quantities
d | Solve simple algebraic equations B P|CS
4 |Graphs
a | Translate information between graphical and numeric form B|C|P|[CS
b |Understand that y=mx+c represents a linear relationship B|C|P|CS
¢ | Plot two variables from experimental or other data B|C|P|CS
d |Determine the slope and intercept of a linear graph B|C|P|[CS
e | Draw and use the slope of a tangent to a curve as a measure of rate C CSs
of change
f |Understand the physical significance of area between a curve and the P|CS
x-axis and measure it by counting squares as appropriate
5 | Geometry and trigonometry
a | Use angular measures in degrees P|CS
b | Visualise and represent 2D and 3D forms including two dimensional C|P|CS
representations of 3D objects
¢ | Calculate areas of triangles and rectangles, surface areas and B|C|P|CS
volumes of cubes.
r
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Practical related questions in GCSE sciences

» Regulatory requirements
« How do we assess practical skills?

« Common issues with practical related questions in
Summer 2018

o
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Requirements for assessment of practical skills

Assessment in relation to practical work:

 the number of marks is no less than 15% of all the
marks allocated.

« all three assessment objectives must be covered

« questions and tasks must draw on the theoretical and
practical aspects of experimentation

» students are required to show and apply:
knowledge and understanding of practical activities
scientific thinking
use experimental skills and strategies
analyse and evaluate information.
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How do we assess practical skills?

* Planning, explaining and evaluating procedures

 Knowledge and understanding of how to use apparatus
and techniques

« Understanding of sampling techniques
« Safety and risk management in practical contexts

« Understanding and appropriate use of scientific
terminology, eg accuracy, precision, variables,
uncertainty

 Reading scales or taking measurements
« Appropriate mathematical procedures and analysis
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Common 1ssues 1n Summer 2018
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Common 1ssues with AO2 in Summer 2018

« Confusion in using practical terminology

« Basic maths skills

« Choosing appropriate scales for graphs

« Basic graph plotting

* Lines of best fit

* Interpreting graphical data

* Applying knowledge and skills in an unfamiliar context
* Linking ideas across the specification
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Common 1ssues with Maths questions 1n
Summer 2018

« Basic maths skills

« Graphs and data manipulation

« Applying mathematical skills in an unfamiliar context

 Significant figures and decimal places

« Standard form and large numbers

« Lack of working, calculator errors

« Calculating percentages and percentage increases and
percentage decreases

« Substitution into and re-arrangement of equations
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Graph skalls

Graphs should be plotted and drawn with a sharp pencil
choosing an appropriate scale which uses most of the
paper — use crosses rather than dots (this is easier for
the examiner to see), check the scale of the axis when
reading values and plot all data points given.

Students need to make use of the data provided, either
In a table or in a chart or graph, to answer the question
which has been asked.

28
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Common 1ssues with practical questions 1n
Summer 2018

* Lack understanding about the science underlying the
practical's - model of osmosis cell and transects
chemicals that make a salt and electrolysis acceleration
and density.

« Didn’t fully understand why they had carried out each
step in the practical.

« Unclear why they had taken specific measurements and
the equipment needed to do this.

« Use of vague terms such as ‘amount’, fair’, ‘results’.
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Common 1ssues with practical questions in
Summer 2018

Areas of working scientifically in the context of the required
practicals:

* repeatable or its significance

* identify control variables and other variables

term ‘fair’ is always inadequate unless suitably qualified
types of errors

 how to improve accuracy - improves inaccuracy Is

insufficient for a type of experimental error, human error
Is insufficient.

30 Copyright © AQA and its licensors. All rights reserved. AQA



Using exam questions to improve performance

« Use as examples in the classroom

« Look at key points in the response that gain marks

* Discuss mark scheme requirements with students

« Students mark their own or each other’s work

« Group discussions on how a response could be
Improved to gain more marks

o
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Get 1n touch

T: 01483 477756
E: gcsescience@aga.org.uk

O®O
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AQAH

Realising potential

Thank you
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Incorporating good
career guidance
into chemistry
teaching

Lakshmi Hughes
Royal Society of Chemistry



In this session

1. Does good career guidance make a difference to
young people’s lives and choices

2. Outline of the Gatsby good career guidance i f

benchmarks ﬂ“
3. Careers resources from the Royal Society of W,(_;*' G AT S B Y

Chemistry linked to the Gatsby benchmarks
4. Some examples of what other schools are doing

Exploring ideas on linking curriculum learning to
careers (over to you)
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The value of good career guidance

Pupils more likely to

achieve better outcomes

Pupils are better in the labour market
motivated to

acquire skills and
qualifications

Pupils get a better

understanding of potential work
and progression routes

Pupils less likely to
become NEET

Diagram from report commissioned by Gatsby into costs and benefits of good career guidance Apr 2014
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Areas chemists work In

° Pharmaceuticals Energy and the environment —— Lifestyle and recreation

® E nVi rO n m e nt - C I e a n u p a n d p rOte Ct i O n Chemistry is helping us to cope with increasing : i From skincare to sport... chemistry is all around us.
. . pressures on energy, foor%. water and oﬂ.ler scarce Here are. some of the ways that chemistry makes life

® E ne rgy - ga S an d Ol Il a Ite rn atlve S, b atte ry natural resources and to live more sustainably. more enjoyable.

storage

. Materials sciences - nanomaterials
. Food industry

. Forensics

*  Cosmetics, household and personal-care goods  cremistyisnsbing toimprove and mantan human

health for all in a rapidly changing world.

*  Colour chemistry

Human health Something different

Love chemistry but have no idea what to do with a
chemistry qualification? Here's a range of people who
use their chemistry skills and knowledge in unexpected
ways.
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Where a chemistry qualification can lead

Analytical chemist: you check the chemical nature of Employers
substances e.g. blood at a crime scene

Laboratory Technician: you might collect samples, study and ) Privat(.e pharmaceutica-l, food, energy,
perform tests on chemicals, materials or products. materials, polymers, biotechnology, or

Medicinal scientist: you design and develop drugs to treat chemicals company
disease * Hospital

Production chemist: you develop and improve products made * Environmental agency
from chemical reactions, such as oil, cosmetics and fertilisers

Research chemist: you study chemical compounds to create > ComsuiEmey

and improve processes and products, from new medical * University

treatments to cosmetics, electrical goods and food and drink
* Government agency

Environmental chemist: you monitor what is in the air, water, .
and soil to find out what affects they have, and how human * Public health laboratory

activity affects the environment. e Testing company
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Become a

Where else a teacher

Help solve Advise on

chemistry qualification oty
can lead

Become a
science

it
From teaching and writing to the VISR Career

law and banking, employers value options
a chemistry qualification.

Become a
doctor

Sell Analyse
scientific data for

equipment reports

Help
people Work with
protect ERTELS
their ideas

ROYAL SOCIETY
OF CHEMISTRY
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THE BENCHMARKS
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The eight benchmarks are a simple list to
assess a school’s careers and enterprise
provision.

7 ROYAL SOCIETY
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A STABLE CAREERS LEARNING FROM CAREER ADDRESSING THE NEEDS LINKING CURRICULUM
PROGRAMME AND LABOUR MARKET OF EACH PUPIL LEARNING TO CAREERS
INFORMATION
ENCOUNTERS WITH EXPERIENCES OF ENCOUNTERS WITH PERSONAL GUIDANCE
EMPLOYERS AND WORKPLACES FURTHER AND HIGHER
EMPLOYEES EDUCATION

’ » ROYAL SOCIETY
o OF CHEMISTRY




The Vision Of Each Benchmark

1

Every school and college should have an embedded
programme of career education and guidance that is known and
understood by pupils, parents, teachers and employers.

2

Every pupil, and their parents, should have access to good-
quality information about future study options and labour-market
opportunities. They will need the support of an informed adviser
to make best use of available information.

3

Pupils have different career guidance needs at different stages.
Opportunities for advice and support need to be tailored to the
needs of each pupil. A school’s careers programme should
embed equality and diversity considerations throughout.

4

All teachers should link curriculum learning with careers.
Science, technology, engineering and mathematics (STEM)
subject teachers should highlight the relevance of STEM
subjects for a wide range of future career paths.

5. Every pupil should have multiple opportunities to learn from employers
about work and employment and the skills that are valued in the
workplace. This can be through a range of activities such as visiting
speakers, mentoring, enterprise schemes and a range of other
enrichment activities.

6. Every pupil should have first-hand experiences of the workplace
through work visits, work shadowing and/or work experience to help their
exploration of career opportunities, and expand their networks.

7. All pupils should understand the full range of learning opportunities that
are available to them. This includes both academic and vocational routes
and learning in schools, colleges, universities and in the workplace.

8. Every pupil should have opportunities for guidance interviews with a careers
adviser, who could be internal (a member of school staff) or external, provided
they are trained to an appropriate level. These should be available whenever

significant study or career choices are being made and should be expected for

¥ ROYAL SOCIETY
o OF CHEMISTRY

all pupils, but should be timed to meet their individual needs.



Careers resources from the
Royal Society of Chemistry
linked to the Gatsby benchmarks




Gatsby benchmarks the RSC can support directly

Gatsby Benchmark 2 Lea rning from career and Every pupil, and their parents, should have access to
. . good quality information about future study options and
labour market information: labour market opportunities. They will need the support
of an informed adviser to make the best use of available
information.
Gatsby Benchmark 4 Linking curriculum lea rning All teachers should link curriculum learning with careers.
For example, STEM subject
to careers teachers should highlight the relevance of STEM
subjects for a wide range of career pathways.
Gats by Benchmark 5 Encounters with em p|0ye rs Every pupil should have multiple opportunities to legm
from employers about work, employment and the skills
d nd em p|0yeeS that are valued in the workplace. This can be through a

range of enrichment opportunities including visiting
speakers, mentoring and enterprise schemes.

Gatsby Benchmark 6 Experience of Workplaces Every pupil should have first-hand experiences of
the workplace through work visits, work shadowing

and/or work experience to help their exploration of
career opportunities, and expand their networks. By
the age of 16, every student should have had at
least one experience of a workplace, additional to
any part-time jobs they may have

7® ROYAL SOCIETY
o OF CHEMISTRY



Learning from career and Labour Market

Information: benchmark 2 |
vital to inform information about jobs and career paths MR 2017 e

1. Biennial RSC report on employment
and job satisfaction

Information comes straight from working chemists

Includes salary medians by qualification and sector on
earning potential AFuture in Chemistry

2. Career information before and after GCSEs At School
3. EiC: News and analysis of career-related W
info, trends, landscape School

7® ROYAL SOCIETY
o OF CHEMISTRY




Addressing the needs of each student
benchmark 3

gathering accurate data for each pupil on their education

« EIC: articles highlighting issues of
inclusivity

* Regional careers events specific to
needs of local area

« Support for apprenticeships and technical
education in the chemical sciences

7 ROYAL SOCIETY
o OF CHEMISTRY



Linking curriculum learning to careers

Benchmark 4

1. Career profiles of real chemists linked directly to

exam board topics at A-level

Use case studies in lessons to:

- introduce topics: e.g. forensic scientist for

chromatography

- check for learning: acids and alkalis, use the

household goods scientist

2. Learn Chemistry Partnership events and
Education Coordinator consultations with teachers,
providing links to teachers to link curriculum

learning to careers

Director of IRC in Biomedical - Postdoctoral Research
Materials Chemistry Undergraduate Associate

Scientist, Engineer and o Senior Analytical Systems
Science Communicator Policy Researcher ] Technician
E -

NN MR

|
s\ PV e =
Tk YVl 5& f (

-
Forensic Scientist Medicinal Chemist [ K Chemical Industrial Placem
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o OF CHEMISTRY

(-



Encounters with employers and employees
Benchmark 5

1. We work with STEM Learning to connect RSC
members to schools (~800) through STEM
Ambassador programme

2. We incentivise RSC chemists to volunteer in schools
- “Giving back” attribute required for chartered
status for individuals and companies

3. RSC education coordinator network working directly
with teachers and members broker links between schools
and industry (varies per area)

4. Local section-organised events with schools (varies per
section)

¥ ROYAL SOCIETY
o OF CHEMISTRY



Experience of Workplaces
Gatsby Benchmark 6

Currently

Local section and education coordinators work
experiences between schools and member-employers

Coming up

« Work experience guidance: off the shelf available to
hosts, to facilitate meaningful work experience for
students and remove pressure for SMEs

 For T levels (in development) it's required to have work - _
experience ISl ' &

I
i
mHnHH“lIII
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What schools are doing: some examples

Benchmark 1: A Stable Careers Programme
o Career guidance and benchmarks are built into the appraisal and performance
review of staff at all levels, including headteacher. Excelsior Academy

Benchmark 2: Learning from Career and Labour Market Information

o The career leader reads the local economic plan documents produced by the
Local Enterprise Partnership (LEP) and/or the local authority to understand
labour market in the local area. Bishop Auckland College

Benchmark 3: Addressing the needs of each pupil

o We look at destinations data of former students. We saw that former students
take up apprenticeships. Now we have more support about apprenticeships and
the routes into them. Castle View Enterprise

Benchmark 4: Linking Curriculum Learning to Careers

Benchmark 5, 6, 7, 8

Benchmark 1
A stable careers programme

areas in benchmark 1

Your school has met 76% of the 17 assessment @

Show details v
Your previous score Apr 2018 76%
National Average 2017 4%

)

Benchmark 4
Linking curriculum learning to careers

100%
Your school has met 100% of the 4 assessment

areas in benchmark 4

Your previous score

Show details v

Apr2018  100%

National Average

2017 13%

| D

Benchmark 7

areas in benchmark 7

Your previous score

Encounters with further and higher education
Your school has met 50% of the 6 assessment

Show details v

Apr 2018 66%

National Average

2017 8%

Benchmark 2

areas in benchmark 2

Your previous score

Learning from career & labour market information
Your school has met 50% of the 2 assessment

Show details v

Apr2018  509%

L

National Average

2017 30%

)

(100% taking into account 2018/19 plans)

Benchmark 5
Encounters with employers & employees

areain benchmark 5

100%
Your school has met 100% of the 1 assessment

Show details v

Personal guidance

Your school has met 100% of the 1 assess
area in benchmark 8

Your previous score

Your previous score Apr2018  100%
National Average 2017 37%
—a )
Benchmark 8

100%

ment

Show details v

Apr2018 100%

National Average

2017 46%

Source: Gatsby Good Career Guidance

7® ROYAL SOCIETY
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Over to you: Linking careers to the curriculum
Benchmark 4

Form two or three groups
One person from each group to feedback on the discussion

Discuss and note down ideas for:
« What you do (or would like to do) to meet benchmark 4
 What RSC resources (if any) does it use
« What you think the RSC most usefully provide

7® ROYAL SOCIETY
o OF CHEMISTRY
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Practical work — a hard ask for students

1
Names of apparatus and
materials to be recognised Theory to be recalled
and associated
Skills to be recalled —— 1-—% Working memory New skills
New written instructions New verbal instructions
Input from the

experiment itselt

Information overload in a lab environment (from Education in Chemistry, 1982)

From http://michaelseery.com/home/index.php/2016/02/practical-measures-for-practical-work/; A. H. Johnstone, A. J.

B. Wham, The demands of practical work, Education in Chemistry, 1982, 19, 71-73



http://michaelseery.com/home/index.php/2016/02/practical-measures-for-practical-work/

Practical work —the pyramid model

Complex ‘Noisy’ start

Fig. 3. Class teaching often begins with a single idea which is elaborated (3a). Often
it seems that, in practical work, the pyramid is inverted (3b), obscuring the point
we are trying to make.

Different approaches in class work and practical work (Johnstone and Wham, from Education
in Chemistry, 1982)

From http://michaelseery.com/home/index.php/2016/02/practical-measures-for-practical-work/; A. H. Johnstone, A. J.
B. Wham, The demands of practical work, Education in Chemistry, 1982, 19, 71-73



http://michaelseery.com/home/index.php/2016/02/practical-measures-for-practical-work/

Working and Long Term Memory

Rehearsal

Sensory Encoding

information Sensory Attention Working -
Memory Memory

Retrieval

Forgetting Forgetting Forgetting

Atkinson=Shiffrin memory model (1968) / Baddeley (1992) for WM rather than STM




A model of memory

central
executive
Working
memory
= ‘Fluid
0 systems’
visuospatial . honological
P episodic buffer P &
sketchpad loop
Long term
semantics episodic procedural — | memory
(general E==p <> Crystallised
(events) (how to)
knowledge) systems’
Baddeley. A., The episodic buffer: a new component of working memory?, Trends in Cognitive Science, 2000, 4(11), 417-23 - =

http://www.sciencedirect.com/science/article/pii/S1364661300015382



http://www.sciencedirect.com/science/article/pii/S1364661300015382

Working Memory

Where you ‘consciously think’
Limited capacity

If it is overloaded, task completion/learning is
impeded




Working Memory — a test

Remember as many of the following as you can:

149 219 181 945 199 720 102 019




Working Memory — a test

Write down as many as you can remember.

How many did you manage?




Working Memory — a second test

Remember as many of the following as you can:

2019
1997 2010 2019



Working memory — a second test

Why was is easier the second time?

o Bigger ‘chunks’ of information

o Use schema (pre-existing knowledge) — famous
dates.

o Relies on prior knowledge —the more you know,
the easier it is to learn!

After Piaget 1923; Bartlet 1932




Long-term Memory: Schema

Encoding

Long

o
Memory 1S

Memory

Retrieval

Schema — ‘the

\ alphabet’ /




Heat 100 cm? of water to 50°C

& N

Long term Memory: A science schema

| I- |

XXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXX




Problem solving

| | strategy 1 shroftgiy
| strategy 4
M o strategy 2
o
o E
2 2
L Il ®
£ g
3 E
3
o
Q
2
-
younger older
age younger older
age

Figure 14.4 A graphical representation of children’s strategy Figure 14.3 A graphical representation of the overlapping

deve!opment > di.s ﬁnc.t sfe.ps or stages. This example represer-ﬁs . waves metaphor used by Siegler to describe children’s strategy use
the dlsthnct stages implied in the development of better strategies in over time, At any specific age children might be using two or more
tasks like the balance scale task. i

Source: Adapted from Siegler, 1996. Source: Adapted from Siegler, 1996.

Siegler, R.S. (1996). Emerging minds: The process of change in children’s thinking. New York: Oxford University Press




Cognitive Load Theory (CLT)

What are they thinking about in the Working Memory?

e complexity of concepts
¢ inter-relatedness of ideas

Intrinsic

e complexity of the instructional materials
e external influences

Extraneous

e building the mental models (schema)
about the concepts

Germane




Cognitive Load Theory (CLT)

COT?;?:V i == Intrinsic Extraneous Germane
9 (= load load load

load
f N 4 . g y 4 N
o Manage with Reduce with
L'm'te.d by ggod good oot ;
working instructional instructional R
memory # :
sequencing design
\ J \. y \. J \. y

Greer, D.L, et al, Cognitive theory of multimedia learning..., Journal of Education, 2013, 193(2), 41-50
https://www.researchgate.net/publication/269112838



https://www.researchgate.net/publication/269112838

Example: Titration

An intrinsically complex activity
o New equipment
o Recalling prior knowledge
o Making and understanding observations
o Accurate measurement
o Calculation




http://www.rsc.org/learn-chemistry/resources/screen-experiment/titration




Extraneous load - electrolysis

Collecting
enough gas

Spillages in | (.
setting up I - Getting the

the test test tubes
tubes | filled

Connecting ET 3 Getting the
powerpack . ‘ boss and
and getting it | clamp right

working




Simplifying equipment




Instructional design - progression

OO

http://www.ocr.org.uk/Images/311750-pag-activity-chemistry-electrolysis-suggestion-2.docx
I |



http://www.ocr.org.uk/Images/311750-pag-activity-chemistry-electrolysis-suggestion-2.docx

Extraneous load — the split-attention effect

Vena cava \

Key
Pulmonary A venacava
artery B aorta

C pulmonary artery
Pu.l AR D pulmonary veins

[ == E right atrium

F left atrium

G right ventricle

H left ventricle

Figure 2 The spatial contiguity principle: (a) reducing extraneous load by integrating labels with visualisation;
(b) extraneous load is increased when labels are not integrated with visualisation

Rebecca Torrance Jenkins, Using educational neuroscience and
sychology to teach science Part 1. SSR December 2017




Split attention —a demonstration

Time how long it take you to:
Write out all the numbers from 1 to 26 in order, left to right.
---THEN---

Write out all the letters from A to Z in order, left to right.

Make a note of how long that took.




Split attention —a demonstration

Without looking at your previous work...

Time how long it takes you to:

Write out Al, B2, C3 through to 226, in order, left to right.

Compare with your previous time.




Integrated Instructions — Deschri et al

1 1.0 mL N8232°3 with
concentration
0.25 M 0.50M 1.0M 2.0 M

1. Obtain four clean, dry test tubes. Pour 1.0 mL samples of
sodium thiosulfate solution (Na,S,0;) into the tubes as

follows:
L pHH ek
Tube 1 0.25 M Na,S,0, == o\
Tube 2 0.50 M Na,S,0,4 1234 _
Tube 3 1.0 M Na,S,0, Obtain four clean, dry test
) o tubes. Pour 1.0 mL samples of
Tube 4 2.0 M Ba80, sodium thiosulfate solution
(Na 8203) into the tubes as
follows:
Tube 1 0.25 M Nazszol
Tube 2 0.50 M NaSO,
Tube 3 1.0 M Naz 263
Tube 4 2.0 M Na;s;0,

Deschri et al (1997), J Res Sci Teach, 34(9), 891-904: Effect of a Laboratory Manual Design Incorporating Visual

Information-Processing Aids on Student Learning and Attitudes
——




Integrated Instructions

1. Add2cm3of 0.2 M sodium
chloride solution to a test tube.

2. Add 5 drops of 0.5 M nitric acid %)
to the same test tube.

5 drops of

3. Add5 drops of 0.1 M silver 0 nitric acid ©)
nitrate solution to the same test 2 em3of —
tube. sodium

chloride

4. Make and record your solution \[J

5 drops of
silver nitrate

observations.

@
T~




Split attention in practical work

Glass r0d a Add 20 cm3 of the 0.5 M sulfuric acid to the 100 cm3 beaker. Heat carefully on the tripod with a gentle blue
flame until nearly boiling.
- Boaker b When the acid is hot enough (just before it starts to boil), use a spatula to add small portions of
st copper(ll) oxide to the beaker. Stir the mixture gently for up to half a minute after each addition.

L+ ) copper (i oxoe

¢ When all the copper(ll) oxide has been added, continue to heat gently for 1 to 2 minutes to ensure reaction
is complete. Then turn out the Bunsen burner. It may be wise to check (using pH or litmus paper) that no acid
remains. If the acid has not been hot enough, excess acid can co-exist with copper oxide.

d Allow the beaker to cool slightly while you set up Stage 2.

Stage 2

e Place the filter funnel in the neck of the conical flask.

f Fold the filter paper to fit the filter funnel, and put it in the funnel.

g Make sure the beaker is cool enough to hold at the top. The contents should still be hot.

— h Gently swirl the contents to mix, and then pour into the filter paper in the funnel. Allow to filter through.
ihens i A clear blue solution should collect in the flask. If the solution is not clear, and black powder remains in it,
copper(ll) oxide

you will need to repeat the filtration.
Stage 3 (optional)
j Rinse the beaker, and pour the clear blue solution back into it. Label the beaker with your name(s). Leave

T B ! e the beaker in a warm place, where it won't be disturbed, for a week or so. This will enable most of the water
— to evaporate. would fill with toxic fumes.
on Filtrate . .
ofics romclion k Before all the water has evaporated, you should find some crystals forming on the bottom of the

beaker. Filter the solution. Collect the crystals from the filter paper onto a paper towel.

http://www.rsc.org/learn-chemistry/resource/res00001917/reacting-copper-ii-oxide-with-sulfuric-acid?cmpid=CMP00006703




Integrated-instructions in practical work

@ Filter copper

9 1.8-2.0g copper oxide. Add half and

sulfate solution (max
swirl, wait 1 minute, add the other half. 1 [

3 min) d

9 15cm? sulfuric acid
— wait 2 minutes d

--_-----
-

I
I
[
[
l
I
I
| R
' [ /
O i fil with just : e l 4(]
boiled wat M| n ! /
olled water I R R K R R A K ‘
O | *
4 | .
@ @ u I \\ @ Pour filtered
: J |I ~ heated copper
A sulfate into the
GCSE Chemistry: Making salts _ _ _ I 6 \ i dish:
:::::d.g;s:;: lime with practicals in AQA GOSE Chemistry § Combined Seisnes I Remove funnel, then genth,r \ evaporating aisn,
ol s os wieelcinlaoeiioanos || | heat solution (half-blue) for 3 \ |observefors
Setab oot | | minutes — DO NOT BOIL DRY U \ | minutes J




Student practical work




Data collection

uestions
Q Evaluation Response (thinking a
What ob ti did
at observation(s) di Overall, how easy/hard 1 2
you make that showed i ] _
did you find the practical Very very easy

you a chemical reaction

(circle one number)
had occurred?

How did the instructi
What was the purpose of ow did the instructions

help you understand what

step 5 — gently heating the )
you were doing?

solution for 2 minutes?

' How did the instructi
Describe the purpose of ow did the instructions

help your confidence in
completing the practical?

step 6.




Early data

Overall, how easy/hard did you find the
practical

.
o Year 9 teaching group (18 students) o
o Completed in 22 + 5 minutes iy
o 23 student questions (12 required : : . l R

additional guidance) = =

“[The inStI‘UCtionS] WEFrE Cleal‘, d’reCt and the Appropriateness of observations /
annotations helped to show what exactly we  Sphining purpose of practical steps
should do.” 5

“The pictures helped my confidence. | could
visualise what | was doing.”

LA

Number of responses
=)

Observations Purpose of step5  Purpose of step 6

=]

m Fully appropriate  m Partially appropriate = Not appropriate




Microscale neutralisation

Questions:
o 10 drops of 9 1 drop of
water |:| unwersal indicator D Describe the sequence of
sc}lutmn d observations — what

happened first, second etc.

9 A few crystals Q 9 A few crystals - What observatiqns did you
of citric acid solid of sodium carbonate make that solutions were

(spatula) O solid (spatula) formed?

J What observations did you
make that showed a

© careruuwy pusn @ CAREFULLY push a neutralisation has occurred?
a couple of crystals couple of crystals into

into the water drop the water drop
(toothpick) | (toothpick) d

9 Observe the
drop CAREFULLY for 2
minutes d




Distillation of crude oil

Questions:
O \viaxi . .
temp:;n::: J Describe the change in
temperature you observed as
+ 100cd you heated the crude oil.
+ 1s0c J What observations did you
» 200cd © . make that showed distillation
Collect fraction Was occurring?
and bung tube &
. 100°c ' J What was the purpose of the
0 tube between the boiling
« 150°C i
O Heat (half blue flame) tube and the collection test
. 200°cd tube?

g4 O 4




Properties of crude oil fractions

Questions:
0; drops on 3 ! drops on 4 Light with a splint - Dfscrlbs I:OW the VII:COSIty
the edge of a a watch glass change etween the
d O Q fractions.

watch glass oo
d4 O 4 / J Describe how the ease of
(D 1 setting light to the fractions

changed between the

B 1ime \--_—-_-——-/ i
fractions.

how long to
gft:f;rt':;;h: 1 Describe how the odour
00.00 & changed between the

—*aaaqQ fractions.




Student task completion and learning

o All students completed all practical

o On average only one in-practical question per two
students

o Most questions referred back to instructions

o Most students gave at least ‘partially appropriate’
answers to ‘observation’ questions

o Variable responses to ‘reason for practical step’ questions




Students’ opinions of integrated instructions

o All students ranks all practical 1-3 on the Likert scale for
‘how easy was the practical’

o Students like the ‘clarity’ of the instructions — they could
‘see’ what they were supposed to so.

o “It helped me do the practical without asking the teacher”

o “They gave me more confidence because | knew | was
doing the right thing”




My reflections at the time

o Allowed me to have a better overview of the whole
lab — less time dealing with ‘thoughtless questions’

o Students quickly started self/peer correcting by
reference to instructions — increased independence

o Gave a useful visual cue during and after the
practical




Other integrated instructions
bit.ly/integratedinstructions

9 Record the

volume before
adding the
object

QaQa

o Record the
object’s mass

Qooo <§

Illllllllll

Biology — food tests Chemistry — electrolysis Physics — density
(R. Kirsten, Aldenham School) (H. Lord, Haslingden High (B. Cook)
School)




Chemistry ‘Required’ Practical (AQA

e 1.8-2.0g copper oxige. Add half and
il wait 1 minute, add the other hait. O

© 15 sutturicacid

i

-

@ Fier copper
sulfate solution (max
3min) a

LU

NEOH (pipette)
oo

2R

! N
1

Q Filoooem © verre o

record volume

indicatar
u}

© 510 cropsof

oo

Swirl lask
Piace on cross

Start timer

© scop timer wnen
ross hs disappeared
— recora time

° ‘ 0 190 c0cm: 000
Agd 10cre 22D 1 e QDD

2cr® QD 200w Q0Q
30cw® QQAQ 100w 300
40cm® QD nocm000
50ecm Q20 water (measuring.

sodium thiosuffate
{measuring cylinder).

© 2q0 e 10D

acid (measuring cylinder)

cylinger)

© rourfineres °
heated copper
.
© remove funnel,then genty
heat solution (haif-biue) for 3 observe for 5.
minutes— DO NOT B0IL DRY O minutes O

e ———— ~,

© cuson

TEST: Agd 1cm? HCI

aoaao

© carsonaTETEST If
busdles, imewater test 0

IATE

'~

el NS

@ suirareresT:
* 3 arops nitricacid
‘1

0ooao

© o TEsT
« 3drops nitricacd

000

4

v
1

1

|| * 1o silver nitrate

1

1

1

1

]

DD<§

© ssaniso.

O sin

© Fouer packav
S minutes

oooo

negative electrode
and record
Qoooao

@ cuickw place bung

into conical flask AND
start the timer a © nieosure and
record volume every
105, for 1005

2

led water collected ()

© oamp bive
litmus poper gas
t

est
ooono

£ (@ oxene
positive electrade

aooono

[©coewe | © e Y [ cemae

o a s s c o U . 3

spots

= beaker a ‘I and draw the

O spcccocn H

encil =}

food colouring ,ﬁ’;‘:};";; P

inum: —
aQsQca )1)1 Honawpe @ 3\ —
pavn [ I S —

63t oy e

© ween emoy
evaporating dish and
record 0

© Useweter batn
0 evaporste water
sample D000

© kemove evaporating

«dish (TONGS), dry base

and weigh and record
oooo

All at http://bit.ly/integratedinstructions

©

@ siir until cemperature
stops changing - record
temperature

© 30 2ci0 (measuring

cylinder)

e Gy s

© s alkaii

D nepentsin @

S sy

[2
Ioop and
observe
colour

o o o o o

© repeat
unti 3 ol

e Clean
the loop
atalatala]



http://bit.ly/integratedinstructions

Physics ‘Required’ Practica\s AQA

;:;”f‘wwm; Density of regular solids SRSt |Density of irregular solids Density of liquids © Poneronat

12V - record
ammeter and
voltmeter readings

© submerge
oojectinvarer O

[ a
\ \ cylinder (Munop O w a cylinder (my) 3O
§> D= M= Margey
© vessure voume
of vater isplaced (V)
a

[t — [V == a ]

ooo
© vesure mass 8 vesureona © weasure mass
of emptymessuring | | volume of the liquig | [of full measuring @ Measure
temperature at 0, 1,
2,3.... 10 minutes
ooo

ammeter, heater in
oao

@ Measure current

© Cardboard lid
with hole

© Measure current
Measure current and and potential
potent a difference

Reverse the battery
© setop et -]

component= () O wires. Repeat @8 €&
component =10

© Measure

‘(7 temperature at 0, 3,

@ &ocm® hot _
water

@ Adjustrheostat to
ve different voltage

© Attach crocodile

oooo clip to 0cm end of

© Attach crocodile clip to
10, 20, 30..... 100cm point
on wire a

@ Tic 108
weight to car with
string, over pulley

@TicosN
weight to car with
string, over pulley

@ setuptrolley
at0cm mark and
HOLD

@ setuptrolley
at0cm mark and
HOLD

@ Clamp spring
9 Add mzss
@ Repeatsteps @ 9 © simultaneously
0masses 0 1mass release trolley

0 Clamp rulerso 0 cm is al
the mpanhe spring

@ set up circuit—
including protective
resistor (P) and

milliammeter (mA)

© Repeat with different © adda @ simultaneously | [ @) Press ‘Lap’ @ Repeat with different
weights 200gmassto | | release trolley button at each masses
‘amp sand to 2 masses 3 masses D AND start timer 10NO osNO the car AND start timer distance marker 200g0 300g0
h a 4 masses D 5 masses D oeNO o4nNO 220 400g0 50080
02NO 600g

@ Direct ray of light at.
intersection of N and
edgeofblock 0O

@ Adjust height of
lamp 50 waves are
visible on card

@ setupripple tank
to produce low
frequencywaves O

@ Attach string to
vibration generator, over

L
25
25

3

e

© Turn on ray box
oo

=]

ill with just © Place lid on cube
boiled water =]

pulley to slotted mass ] [
@ Measure IR
° O Draw round ed DTW ﬁhl“ . 1 1 emission from each
Calculate: s indicate paths of side

wavelength 0 uemlf;‘l;‘g‘"m‘l“;:z . block oa light rays {reflection Qh"'m Lestie cube @ mattblack O
frequency O Tisible ® and refraction) on heat resistant g shiny black O
wavespeed O © Measure the @ Repeat steps @O Qo shiny silver O

distance between 2 for different numbers of matt white O

nodes nodes @ Turn off ray box

2nodesD 3 nodes O

© Count the number
of waves passing mid-
point of card in 105 O

4nodes O 5nodes O and remove block

6 nodes O

oo




Biology ‘Required’ Practical

AQA

@ Make a labelled
drawing— annotate
vith total
magnification factor O

© Focus (use
fine adjustment
Q

@ Vove lowest
power lens (short
barrel) to just above

slide (use coarse
a
© Onion

adjustment)
\‘ onstage 0

’
1
[
]
1
1
1
1
1
1
1
1
1
1
]
1
]
1
]
1
1
1

2 e

@ Add a few drops
iodine solution 0

up Bunsen
burner water bath
a

D A

Sais

© Observe and

5

@ Label 3 petri dishes
with name + location

Clean & disinfect
ds and workspace O

central spots and your

@ Mark three segments,

@ Tape lid with two.
small piece of tape O

for 48 hours

@ Incubate plate at 25°C |
=}

OFRepet @O O for
remaining antiseptics O

© Place filter paper on
central spot aaa

Liftlid a minimum
Dip fiter paper circle stance facing away from e o
in antiseptic a you Qoo e e

@ Add a few drops.
ledwater  Q

© Add a few drops
ethanol a

@ Piace petri dishes in
;_i postions 200
Full sunlight o
Partial light a
Darkness

@ Leavefor1dayD00Q

Cotton wool soaked in
water aoa

© 10 mustard seeds
ooa |
@ Warm location to allow
germination 200

T K

© Measure height &
of seediings Q00

&

© Repeat @ and @ for
5 days Q0o

with a beaker

@ select random coordinates O

i
5
2
D

D) Measure and record £
licular diameters
of one O

core

|§ Extract five potato @ Adcd sugar solution ‘Add water @ Set up 11 labelled tubes in a 35°C @ Place
borer (measuring cylinder) | | (measuring cylinder) water bath L3 inA-
A s —0am® [=) 081082 083 Q84 O 8S5: 2cm? buffer start @) onviards
8-75cm Q B-25cm* 0O 051 052 Q53 Q54 Q55 dem’ starch when temperature
c-5m? a C-5cms a DO A: 10cm® amylase reaches35°C  Q
D-25cm? =} D-75em* Q0 s s s s i i _____;__;__ -
E-Ocm? a E-10m* Q R e o s s el X
‘Set up spotting tile — 1 drop 'Add 1 drop starch to Pour B1 into $1 and
© Add porato core to gm solution per well | 19 =] | ® =] |
each tube
Repeat @ to ‘Add 2cm* amylase (A)
raieh o.&?ﬁ -0 OO0 =3 I?Slandstir [=]
© Accurately measure fEquired dms 082852 OB3&S3 OO0 £
mass and length of each © Remove and blotdry BEES BRESS s i -azsm(xnﬁpgam
cres a OO0
@ Record time of first
© Accurately measure well to ot change colourQ
mass and length of each ©Rinsegiass | [@ A 10sadd one [t
@ core @ Repeat @@ every | |rodinwaterand | [dropto 2% well
oamneess SR ﬁ 10s until 110s (12 well) Q | |keepstirring Q| |withglassrod  Q

@ Add food sample:

& 7%

Q
@ Add 1cm*
N\ [Burerasoution O

\
5 X [©@rctem
1 Biuret B solution O
1
H @ shake mixture
1 gently a
|
]
]
i
|
\
\

Total area

eps = red aea X 01al counted organisms|

@ Calculate estimated

A
eps) Q

B Repeat for @ to @ for

10lecations Q0000
Qaaaa

© Count species. a 1’

oy ERE

e

@ Quadratat

Qom Q5m Di0m
Q15mQ20m Q25m
Q3om

Repeat @to@ for

remaining distances a

© stop timer and record ’
volume of gas collected a

4

@ Countandrecord total &S
number of bubbles Q

@ Start timer for 3minutes O

A
© Loy out 30 m tape.
measure from base of < 4>
weetoopenground O v
I T I T ]
© Countand record @ Repeat @ 10 @ or

all distances

a

s

B Person 2 Dropruler O @ Person 1-catchruler__ Q
© Person2
0 Vertical ruler
Q0 cm mark between
Person 1's thumb/first © Record numberonruler £
finger
Q “Prepare to catch”

@ Restand repeat @ 10 @
@reront several times =]
Q Dominant hand

above thumb a

Qsitting @ Swep Person 1and 2 over O
Q Good upright posture
0 Eyes across the room [Ore= @@ 0]
O Forearm across table e Changs the factor a
0O Hand overhanging table

[ R E]

7 cm? sodium carbonate Stand in water bath until at
7
solution 000 [~ temperature EEE]
©5 cmik aool 2 “Lcm? lipase AND start timer
7 oo
@ 5 drops Cresol red. ml\é‘uacr‘tu Q [ Frrrrr—
7 (purletoyeliow) 103
@ 5 clipase solution O ’q

@ Stop timer

© Repeat @ to @ atdifferent
temperatures EEE]

©0hawmendmis
e




Making integrated instructions

9 1.8-2.0g copper oxide. Add half and
swirl, wait 1 minute, add the other half.

Q
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ XX |

https://dave2004b.wordpress.com/2018/02/25/integrated-instructions-templates/




Making integrated instructions

educationinchemistry

=9 FEATURE

Improving practical work with integrated
Instructions

28 NOVEMBER 2018

Do your students struggle to follow written instructions?

https://eic.rsc.org/feature/improving-practical-work-with-integrated-

instructions/3009798.article



https://eic.rsc.org/feature/improving-practical-work-with-integrated-instructions/3009798.article

EQUIPMENT

Consider what the
minimum required
equipment Is

INSTRUCTIONS

Use clear numbering

Minimum text necessary

|se of arrows to direct
movement

|lse tick boxes so
students can track theair
progress

FLOW

Try to arrange instructions
clockwise or anticlockwise

PICTOGRAMS

Use of ‘ayes to
direct
observation

|lse of ‘clocks’
to indicate
timings

IN LESSON

Project the
diagram on
scresn

|ssue paper
coples to all
students




Now...

o Have a look at a couple of traditional vs
integrated instructions.

o Annotate your copies — good points /
constructive criticism.

o Any questions...




End notes

Plenty more at dave2004b.wordpress.com

W @dave2004b
davidjamespaterson@yahoo.co.uk




Space Chemistry

Caroline Molyneux

Lead Educator
National Space Centre, Leicester
Deputy Headteacher, Sharples School, Bolton

@molymemolyneux



The Mars Science .
Laboratory

The Chemistry on Board

- o







Your Mission...

* |dentify possible experiments on board
the laboratory

* Select possible useful materials that

might be found on Mars with reasons for
your selections

* Explain how the Mars Science Laboratory

might identify these materials once on
Mars



What do YOU think those ten
experiments could be looking

for?
THINK OF YOUR OWN IDEAS

NOW SHARE THEM WITH A PARTNER

DECIDE ON ONE TO WRITE ON A POST
IT NOTE



The MSL mission has four
scientific goals:

* Determine whether Mars could
ever have supported life

e Study the climate of Mars

e Study the geology of Mars
M+ Plan for a human mission to Mars




o~

What to look for?

Choose TWO substances to look for using the
MSL

Why would they be useful to us?

Use YOUR knowledge and the information
given to you

You must justify your reasons for looking for
these substances on Mars




* Using the reagents provided work out what
tests will need to be on board the MSL in
order to find out if your chosen substances are
on Mars



Equipment/Reagents

Nitric Acid (dilute 1M)
Hydrochloric Acid (dilute 1M)
Barium Chloride

Limewater

Silver Nitrate

Sodium Hydroxide (Dilute 1M)
Wire Loops for Flame Tests
Spatulas for solubility testing
Access to water

Test Tubes



Quantitative analysis of martian
Jell



ExoMars Rover - launch date 2018

Sample return mission 2020s

You? 2035




Rosetta Explores a Comet

European Space

Agency (ESA)

Launched 12

years ago, 5

Earth flybys to 4,
"2 save fuel and

. weight




Rosetta has been the Tirst mission :

— To orbit a comet nucleus.

—To flg( alongside a comet as it heads closer to
the Sun

— To observe from very close proximit hov¥1the
rozen cqmet nucleus is transformed by the
eat of the Sun.

— To send a Lander for cantrolled touchdown on
the comet nucleus surface.

— To qbtain images fr?m_ a comet’s surface and to
perrorm In-situ analysis

— To fly near Jupiter’s orbit using solar cells as
POWEr source.

—To clos,% %nfounter two asteroids of the
asteroid belt



The Rosetta stone (1799) was
the key to deciphering the old

hieroglyphics writing of
ancient Egypt.

Obelisk from Island of Philae

(1815)
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lhy 46°go to a'comet?

 Comets have always attracted the attention of mankind. The
apparitions are recorded in documents going back millennia.

* Comets appear suddenly and have been interpreted as good signs or
as bad omens announcing great disgraces.
Battle of Hastings (1066 AD)

TR
b

ISTEMIRANTL)




Are comet dangerous for us?.
What happens if a comet hit the Earth?.

Dinosaurs extinction event Chicxulub impact crater in Yucatan
(discovered 1991).




™y

a comet,

e Why#0 go to

A cometis a celestial body originating very far away from the Sun
— Oort cloud, far beyond Pluto (50000 AU)
— Kuiper Belt, beyond Neptune ( 30-100 AU)

e nucleus composed of
1ce, dust, of a size
between a few hundred
m up to a few km.
Carbon compounds.

Near the Sun it
develops a coma (~
100000 km), and

tails (dust, 10n) several
Mkm




W . e ' el 4
<VVhy 46 go. to a"'Comet?

* Scientist wants to study comets because these are what is left of the
“primitive cloud”. They are time capsules preserving the physical and
chemical conditions that existed when the planets were formed 4.5
billions of years ago.

 Comets could have provided water and organic material to the Earth.

* Comets can help to understand
conditions of formation of the
solar system







-/

/A

] .

Electrical spark
(lightning)

[' O O
H,0, CHg, NHg, Hy

Gases (early

<—I':[ B atmosphere)

|l Condenser
Cold water—n_‘i OL’ \%‘3
N

Direction of water vapour circulation

N
Cooled wi\\

(containing organic
compounds)

Water (ocean)

Heat source

Trap
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In 1969 a meteorite fell from the sky
above Australia. It weighed over 100kg.

* We have identified over 70 amino acids
on the fragments.

e Extraterrestrial seeding?



The organic molecules arrived
somehow, from what ever source.

These could have all been in the
seas

React together somehow to make
the first primitive cells.




Comet samples

1. Using a microscope

2. Using the biurets test for protein
3. Using the iodine test for starch

Is there any evidence of the building blocks of life?



— Giotto, 1986, 600 km,
68 km/s and comet Grigg-
Skjellerup, 1992, 200 km.
(ESA)

— VEGA-1 & VEGA-2, 9000
km, 78 km/s1986. (RUS)

— Sakigake & Suisei, 7 Mkm,
150000 km,1986. (JAP)

VEGA

Giotto




O S S
Comet67P 6r Churyurnov Gerasimenko (after WFf uﬁd 11:}'

T “‘7*7—




K '-..;'ﬁ%tde of ice (the ridges?) and fine dust from the birth of the solgr system
*  One of the blackest ob]ects in the solar system — stretched here so you can sec it

*>Lo  .‘ e < blagks7dust, platw o
. ﬁ e c,m'ss 1‘r.,;n. few hours/day, but if you walk faster than a house

fycu 11 put yourself in otbit! A

p~




Jetsl!

Ices in conyfrs vaporize as they approach the sun

ESA def8 not to put the lander in the “neck” region — why?




*. Philae-lander detached
from Rosetta L

o Demgned to secure 1and1ng e
with overhead rocket, = =~ $
screws on landing pads .

“and grappling hooks

* 10 instruments on board"
to study structure and.

. composition of the comiet










All landing systems failed! Philae
landed once (off image to far left),
was 1n the first bounce for 2

E
B
|

Seeond bounce just
off image to left,
then drifted (caught
by Rosetta imager)
to landing spot in

upper right.




DARK.

Philae rested right side up (1), 1s
now on a cliff (2 pads on, one

off), at a 30 degree angle, IN THE

N

=
viah 7 R
I PN
YRS
-

E§

Artist
rendition
with
actual
surface
images

¢  Batteries need the su»n.'.t;o charge,
only had 40 hours of life.

~ o P
o s
- x




ilae rested rightg
now on a cliff
off), at a 30 dg
DARK.

aced the sun to charge,
yours of life.

Artist
rendition
with
actual
surface
images

All TEN instruments ‘sea&hé’fr

data back before Philae went to

sleep. Now working through the .

results — looks like cliff 1s solid ice, “@ESA_Rosetta I'm

with organic (C-H) molecules. May . * feeling a bit tired, did

wake back up when the comet you get all my data? |

rotates into the sunlight! : | might take a nap...




What has Rosetta detected?

Amino acids have been found in meteorites that fell to Earth,

But Rosetta made the first measurement of the polymer-like compounds
on a comet. The signal detected by Rosetta indicates complex organic

molecules were abundant in the material that formed the comet’s
nucleusin ltaly.



Polymers



Isotopes

The ROSINA instrument on Rosetta measured the proportion of deuterium
— a form of hydrogen with an additional neutron — to normal hydrogen
in the comet’s water, according to ESA.

It turns out the deuterium to hydrogen ratio on Churyumov-Gerasimenko
is more than three times higher than the figure for water on Earth, hinting
that Earth’s oceans were seeded by many types of objects — not just a
certain kind of comet or asteroid.



Europa

* Smallest of the 4 large Galilean moons
of Jupiter

* Rock and a water ice crust

* Possibly a place for life to exist




Particles Dance



dS



solid



oxygen



gold



water



brick















Thank you for attending

c.molyneux@sharplesschool.co.uk




Darren Walsh
Associate Professor of Physical Chemistry

To celebrate the International Year of the Periodic Table, we described our Periodic

Table of Videos project (www.youtube.com/periodicvideos), a collaboration between

staff in the School of Chemistry at the University of Nottingham and video-journalist

Brady Haran (www.bradyharan.com). The Periodic Table of Videos began as a
collection of 120 videos (one for each of the 118 elements of the Periodic Table, plus
an introduction and a trailer). Quickly, it gathered momentum and by 15" February
2018 it comprised 649 uploaded videos, with 1.14 million YouTube subscribers and a
total of 193.3 million views in over 200 countries. In this talk, we explained how the
Periodic Table of Videos was conceived and suggested tentatively how the channel

came to be successful.


http://www.youtube.com/periodicvideos
http://www.bradyharan.com/
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