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Abstract

The aim of my special project was to plan and deliver a piece of
assessed coursework for the year 11 Additional Applied Science pupils,
allowing them to gain access to the higher mark bands. A brief ac-
count of previous tests which the pupils had carried out for this part of
their coursework is given, before a detailed outline of the planning and
delivery of my special project. The marks obtained by the pupils are
compared with those for their previous attempts, and an evaluation of
the coursework and its delivery is presented.

1 Background and Introduction

The Netherhall School and Sixth Form College is a comprehensive, main-
tained school situated 3 km south-east of the centre of Cambridge. Nether-
hall is a ‘High Performing’1 Specialist Sports College2 and Training School.
The school is split between two sites: the Lower School, catering for years
7–9, and the upper school, accommodating years 10–11 and the fairly small
sixth form of up to 250. The main entry points to the school are at 11+
(240 pupils) and 16+ (125 pupils).

I worked with a group from year 11, following the gcse Additional Ap-
plied Science specification at foundation tier (their provisional marks from
year 10 in their Science gcses are shown in Table 1). This specification3

comprises six modules (two broadly in each of physics, chemistry and biol-
ogy), of which the candidates study three for assessment. In the higher tier,
the Applied Science course is split 50:50 between coursework and examina-
tion, but for foundation tier candidates, the marks available at examination
are restricted, so that the balance is more like 60:40, making coursework
effectively more important.

1Awarded Training School designation as a ‘high performing’ school in 2006.
2Designated as a Specialist School and Sports College in 2001
3For further information on how this fits in with the new gcse Science structure, see

Appendix A.
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D 3
E 6
F 3
G 1

13

Table 1: Year 11, set 5 pupils’ results obtained in year 10
in GCSE Science. Note that these are provisional results,
since some coursework undertaken in year 11 can be double
counted towards their science mark, and re-sits are possible.
Despite this, an idea of the standard and range of attainment
of the 13 pupils, made up of 4 boys and 9 girls, is obtained.

During the term for which I worked with the class, they were training
for and completing coursework assessments, and my special project was
therefore to prepare and deliver a “suitablility test” as a piece of coursework
for the pupils to prepare for assessment near the end of the term.

2 Previous treatment of topic

Although this is the first year in which Netherhall has tried Additional
Applied Science with the lowest sets (in physics, the module A6: Materials
and Performance, was chosen), I was quite fortunate that during my
observation lessons in the first part of the term, I helped to deliver two
suitability tests, since the pupils were given three attempts during the term.

2.1 Fishing line

The mass of fishing lines was compared in this test, with strength and cost
also given on a datasheet. A reel with a known length of line had been
prepared in advance, from whose mass that of an empty reel could be sub-
tracted.

This first test was carried out with lots of guidance, and so much direc-
tion that the marks were only based on four of the five possible bands from
the assessment criteria. For example, pupils were given a template printed
report, on which to write their ‘answers’, and were led in detail through the
collecting and recording of their data.

In the lesson after the test, the pupils marked each other’s work, and
also a piece of sample coursework, against the assessment criteria in groups.
I led one group, and we explored how the marks might be improved on
subsequent suitability tests. Some of the pupils had quite a shock when
they realized that their scores in the coursework were very low indeed.

2.2 Yarn

Samples of various yarns had been prepared beforehand, along with a lami-
nated copy of the labels as background information, for comparison for their
suitability for use in clothing. A template report was used as for the fishing
line test.
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This test engaged the pupils much better than the test on fishing lines,
especially during the first lesson. They were also able to define their own
suitability criteria, with some guidance, and some groups focused on mea-
suring qualitative characteristics such as ‘softness’, rather than conducting
a measurement of tensile strength.

3 Planning

Previous tasks had intentionally restricted pupils’ marks by closely defining
the approach, and providing a ‘fill in the gaps’ style report, with a given
results table. My suitability test had to be more open-ended to allow the
pupils to access the higher mark bands by allowing them to choose their
own approach, and carry it out independently; to devise their own format
for observations, and decide which data to include or make reference to; and
to write their own report from scratch on A4 lined paper, rather than using a
pre-defined format. To do this, it would have to engage as many of the class
as possible (cf. the positive start of the yarns test), and be familiar enough
that they might be able to devise their own approach for an experiment.

Looking through the exam board’s suggestions in the specification4 and
the teachers’ guide, I found that two of the board’s suggested tests had
already been implemented, and some of the other tasks would either be too
unfamiliar, and impossible for the pupils to carry out without closely defined
guidance from a teacher, or would not engage the pupils in the class. For
example it would not have been feasible to attempt the test on lenses, since
the pupils had very little familiarity with optical phenomena, and I felt that
the test to compare the thermal expansion of metals would not be of interest
to the pupils in my class.

I seriously considered the test on soundproofing, especially since the
Cavendish undergraduate laboratory has a sound-proof box which might
have been borrowed. A recorder with an air pump could be placed in one
half of the box, and a microphone in the other half, with a screen in between:
pupils could prepare their own ‘sound-proof’ walls for testing. In the end I
decided that this would have to be demonstrated, and therefore rejected it,
since one of the aims of my project was to enable the pupils to carry out
the test independently.

The pupils had previously carried out a “standard procedure” (in which
candidates follow instructions to measure some physical property) to find
the stiffness of a tennis racket, and this gave the idea for a suitability test
on rods of various materials to find out which would be of use in making
beams for use in buildings. This test was not specifically outlined by the

4See Appendix F. Those in this module are “comparing the tensile strength of fishing
line”, “comparing the transmission of light or infrared radiation through glass and Perspex
acrylic” and “comparing the thermal expansion of two metals”.
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exam board, but had several advantages for my class:

• A similar technique had been conducted as a standard procedure,
meaning that the pupils could be expected to come up with the method
themselves.

• The pupils were familiar with the workplace context and the main
uses of beams (in fact, the school was undertaking an expansion pro-
gramme, so I-beams were in use in construction on site).

• The previous piece of coursework, on yarn, did not engage the four
boys in the group, and it was hoped that they might find a test on
beams more stimulating.

• Equipment and materials for the test were easily obtainable.

To find out whether results which allow materials to be compared can
be obtained, I sourced some materials from the technology department at
Netherhall, and carried out a crude test (see Appendix C). From this I
decided that an investigation to find materials suitable for use in beams
would make a feasible piece of coursework.

When I was writing the lesson plans, I decided to use a quite different
approach to what had gone before. Rather than starting out straight away
on the test, I first decided on a fairly lengthy classroom discussion about
beams, and how to conduct the test. This was to enable the pupils to help
each other with ideas, and then write their own introduction describing
how beams are used. I prepared a factsheet about beams and datasheet of
material properties (Appendix G), and a short slide presentation.

I went on to prepare samples of the same dimensions, so far as possible,
for each material, as outlined in Appendix D. I also made up a template
report as had been used previously, in case the pupils were unable to produce
adequately structured reports unaided.

4 Delivery

My time in the school culminated in the delivery of my special project: I led
three hour-long lessons for the pupils to complete the test for assessment.
The pupils tested materials’ stiffness in order to determine their suitability
for use as beams. To do this, they defined their own approach, but all
of them hung masses onto a long section of the material somehow, and
measured deflections.

The lessons at Netherhall are one hour in length, with a five minute break
in between, to allow the pupils to move between lessons. In the lessons which
I observed and helped in earlier in the term, I found that typically the pupils
would arrive two or three minutes late, and it would then take a further five
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minutes or so to get them to take their large outdoor coats off, get their
books out and sit down. I had to take this into account when devising
lesson plans (Appendix E).

In the final lesson on the coursework (which was also my last with this
class), I prepared a demonstration for the pupils, to reward them for com-
pleting their results graphs, and as a useful break in the middle of the lesson.
This was on the related topic of the use of laminates in the construction in-
dustry to improve material properties. Several layers of normally brittle ice
cream wafers were cross-laminated together using wood glue, and the final
beam produced was able to support a full bottle of water. Unfortunately,
not all went to plan (see evaluation section).

5 Evaluation

Overall, the piece of coursework which I delivered went well. Not only were
the main goals achieved (the pupils generally achieved higher marks on the
beams test, as shown on the graphs), but I also genuinely think that the
pupils gained something from working with me and learned more about
materials and how they are used.

In my lessons, generally I found it difficult to keep pupils focused on
the assessment task, even with less than thirteen pupils. They were easily
distracted by their mobile phones, and most of all by each other. A minority
of the class became disengaged with the task, and consequently produced
very little work. Also, I found it impossible to help one pupil who had been
absent from the first two lessons due to exclusion, as I had to focus my
attention on the others. I discussed these points with the link teacher, who
on the whole thought I handled the difficulties very well during the special
project.

I was pleased that the pupils did not need to use the template reports,
though much guidance was given on report structure. As I had hoped, the
pupils were also able to devise their own practical techniques (this led to a
split in the group between end-loaders and centre-loaders).

The first lesson, in which ideas were exchanged in the group by means
of a class discussion, went particularly well, and the pupils’ feedback made
it clear that my slide presentation engaged their interest effectively. Indeed,
one girl came and sat closer to the front to hear what I was saying! I
was also pleased that we kept to my lesson plan, and by the end almost
everyone managed to finish their introduction and had a plan for taking
measurements.
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Figure 1: The marks obtained by pupils on the yarns and beams suitability tests for
the class which I taught, plotted as a function of their mean performance in Cognitive
Ability Tests (cat), with best-fit lines. Note that only one pupil out of thirteen submitted
coursework for both tests, achieving 16 in yarns and 18 in beams, and that the sample
size is very small. No pupils submitted the fishing lines test (which was peer-marked).
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Figure 2: Marks obtained by pupils in one of the other classes studying Additional
Science. In this class all three tests were marked (though not all of the test were submitted
by each of the 21 pupils), and they are plotted here as a function of their mean coursework
mark. Lines of best fit are superposed onto the data. Note that the beams test was
completed last, and one might expect the marks to improve naturally with time; also that
the yarns task was more accessible or appealing for some of the pupils.
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The highlight of the final lesson was the demonstration on laminates,
which entertained and engaged the pupils. They particularly enjoyed it
when the ice cream wafer beam snapped in half, and the demonstration
helped the pupils to think a little more deeply about what they had learned
in the coursework, and how materials are used in buildings.

6 Conclusions

The following conclusions may be draw from my experiences during the
physics education

• Thorough preparation in advance is the key to keeping pupils under
control. It is important to know what the plan is without having to
think about it.

• Pupils will engage with something if it is made interesting to them.

• Much contact time is devoted to getting the pupils to jump through the
hoops of the coursework assessment criteria. I feel that more physics
could be learnt if this time were better used.
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A New GCSE Science structure

The structure of science gcse examinations has changed even since I did
them (2004). The new assessment structure for gcse science in the Na-
tional Curriculum arises from the perceived purposes of secondary science
education: both to be the first stage in the training of future scientists, but
also to comprise a preparation for life in a modern society for all candidates5

This has led to the development of courses with different content and dif-
ferent approaches to meet these two purposes (the former “Double Award”
science has been discontinued, as it tried to combine the different purposes
into a single course). The new scheme of assessment is called “Dual Science”
– two separate specifications, taught with different aims in view, and leading
to two independent qualifications.

At Netherhall, the Twenty First Century Science suite of specifications,
developed by the examination board ocr, is followed throughout the school.
The National Curriculum core requirement for science is a minimum of single
award science, which must provide a basis of “scientific literacy”, allowing
young people to understand the science behind major issues in modern so-
ciety. This is provided through the Science specification, which all pupils
take at the end of year 10 at Netherhall (see Table 2). The majority of
candidates are expected to learn more about science, and at Netherhall,
all pupils take one of the two alternative varieties of Additional Science –
Additional Science, which extends the work in the Science course, or Ad-
ditional Applied Science, which offers a more work-oriented approach,
focussing on the applications of science – in year 11.

Year 10 Tier Year 11
Triple award 29 30 H 32 26 Triple award

Science 27 28 H 27 26 Additional
Science 22 23 F/H 29 21 Additional
Science 21 20 F 21 19 Applied
Science F – 13 Applied

99 101 109 105

Table 2: Numbers of pupils in 2008–2009 at Netherhall School. Each year
is divided into two bands, with four or five sets in each. In the new 21st
Century Science scheme, pupils complete one gcse at the end of year 10,
and then go on to study for another in year 11. The group with which I
worked is marked in bold.

5These needs are identified in the report “Beyond 2000 – science education for the
future”, Robin Millar and Jonathan Osborne, eds, King’s College, London, 1998.
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B Worksheet

An extract from the short book which I wrote for the course. This was used along with a

sample exam question, for those who got ahead in lessons to do whilst the others caught up.

C
h

a
p

te
r

2

M
e
ch

a
n

ica
l

B
e
h

a
v
io

u
r

o
f

M
a
te

ria
ls

T
h
e

m
ech

an
ical

p
rop

erties
of

a
m

aterial
tell

u
s

ab
ou

t
w

h
at

w
ill

h
ap

p
en

as
it

is
p
u
sh

ed
,

p
u
lled

or
tw

isted
(its

m
ech

an
ical

b
eh

av
iou

r).
O

b
jects

u
su

ally
ch

an
ge

th
eir

sh
ap

e
(or

deform
)

to
som

e
ex

ten
t

w
h
en

a
force

acts
on

th
em

,
b
u
t

h
ow

m
u
ch

th
ey

w
ill

ch
an

ge
d
ep

en
d
s

on
th

e
size

an
d

d
irection

of
th

e
force

an
d

th
e

p
rop

erties
of

th
e

m
aterial.

2
.1

S
tre

tch
in

g
,

sq
u
a
sh

in
g

a
n
d

b
e
n
d
in

g

T
h
e

forces
on

m
aterials

aff
ect

th
em

d
iff

eren
tly

d
ep

en
d
in

g
on

w
h
ich

d
irection

th
ey

p
u
sh

in
.

S
om

etim
es

forces
act

to
stretch

a
m

aterial.
T

h
ese

are
called

ten
sile

forces,
an

d
p
lace

th
e

m
aterial

in
ten

sion
.

F
orces

w
h
ich

sq
u
eeze

a
m

aterial
are

com
pressive

forces,
w

h
ich

p
lace

th
e

m
aterial

u
n
d
er

com
pression

.
B

en
d
in

g
in

volves
a

com
b
in

ation
of

ten
sion

an
d

com
p
ression

.

ten
sion

com
p
ression

ten
sion

com
p
ression

�
-

-
�

3

4
C

H
A

P
T

E
R

2.
M

E
C

H
A

N
IC

A
L

B
E

H
A
V

IO
U

R
O

F
M

A
T

E
R

IA
L
S

2
.2

D
e
scrib

in
g

m
a
te

ria
ls

W
e

u
se

lots
of

w
ord

s
in

every
d
ay

life
to

d
escrib

e
m

aterials.
S
cien

tists
also

u
se

w
ord

s
to

d
escrib

e
h
ow

m
aterials

b
eh

ave,
an

d
som

e
of

th
ese

are
given

h
ere:

•
S

tiff
n

ess
an

d
fl

exibility
—

M
aterials

like
ru

b
b

er
w

h
ich

are
easily

d
e-

form
ed

are
fl

exible,
w

h
earas

m
aterials

w
h
ich

h
old

th
eir

sh
ap

e
w

h
en

a
force

is
ap

p
lied

,
like

glass,
are

term
ed

stiff
.

•
S

tren
gth

—
T

h
is

is
d
eterm

in
ed

b
y

h
ow

m
u
ch

force
is

req
u
ired

to
b
reak

th
e

m
aterial.

stron
g

m
aterials

req
u
ire

m
u
ch

m
ore

force
to

b
reak

th
em

th
an

d
o

w
eak

on
es.

T
h
e

stren
gth

of
th

e
sam

e
m

aterial
can

b
e

very
d
iff

eren
t

d
ep

en
d
in

g
on

its
sh

ap
e

an
d

h
ow

it
is

m
easu

red
,

so
n
orm

ally
w

e
m

easu
re

b
oth

com
pressive

an
d

ten
sile

stren
gth

.

•
H

ardn
ess

—
T

h
e

h
ard

n
ess

of
a

m
aterial

tells
u
s

h
ow

d
iffi

cu
lt

to
d
en

t
or

scratch
.

S
oft

m
aterials

h
ave

su
rfaces

w
h
ich

are
easily

d
eform

ed
.

•
T

ou
ghn

ess
—

B
rittle

m
aterials

su
ch

as
ch

in
a

h
ave

tin
y

crack
s

w
h
ich

can
sp

read
an

d
op

en
u
p
,

m
ak

in
g

th
em

sn
ap

clean
ly

an
d

sh
arp

ly.
T

h
is

m
ean

s
th

at
th

ey
can

often
fail

catastrop
h
ically,

w
ith

th
e

release
of

lots
of

en
ergy.

M
aterials

w
h
ich

resist
th

e
form

ation
an

d
sp

read
in

g
of

crack
s,

su
ch

as
steel,

are
tou

gh.

•
D

u
ctility

—
D

u
ctile

m
aterials

are
th

ose
w

h
ich

can
b

e
stretch

ed
,

an
d

th
e

term
is

n
orm

ally
u
sed

of
m

etals
w

h
ich

can
b

e
d
raw

n
ou

t
in

to
a

th
in

w
ire.

•
E

lasticity
an

d
plasticity

—
M

aterials
w

h
ich

retu
rn

to
th

eir
origin

al
sh

ap
e

after
a

d
eform

ation
,

like
ru

b
b

er,
are

k
n
ow

n
as

elastic
m

ateri-
als,

b
u
t

m
aterials

w
h
ich

are
p

erm
an

en
tly

d
eform

ed
,

like
p
lasticin

e,
are

k
n
ow

n
as

plastic
m

aterials.

•
D

en
sity

—
T

h
e

den
sity

of
a

m
aterial

tells
u
s

h
ow

h
eav

y
it

is
for

a
given

volu
m

e.
O

f
cou

rse,
if

a
m

aterial
is

stron
ger,

w
e

m
ay

b
e

ab
le

to
m

ake
it

th
in

n
er,

an
d

so
it

m
igh

t
tu

rn
ou

t
to

b
e

ligh
ter

for
a

given
p
u
rp

ose,
even

th
ou

gh
it

h
as

a
h
igh

er
d
en

sity.

2
.3

In
te

n
sio

n

M
ost

m
aterials

sh
ow

som
e

d
egree

of
elasticity

as
th

ey
are

stretch
ed

.
E

lastic
m

aterials
w

ill
retu

rn
to

th
eir

origin
al

size
if

th
e

force
stretch

in
g

th
em

is

9



2.3.
IN

T
E

N
S
IO

N
5

rem
oved

,
an

d
th

ey
w

ill
ex

ten
d

in
p
rop

ortion
to

th
e

stretch
in

g
force.

T
h
is

p
rop

ortion
ality

w
as

d
iscovered

b
y

th
e

E
n
glish

scien
tist

R
ob

ert
H

o
oke

1
(1635–

1703).
In

th
e

region
w

h
ere

th
e

ex
ten

sion
is

p
rop

ortion
al

to
th

e
force

ap
p
lied

,
th

e
m

aterial
ob

ey
s

H
o
oke’s

L
aw

,
ex

p
ressed

in
th

e
eq

u
ation

F
=
k
x

,
w

h
ere

F
is

th
e

force,
x

,
th

e
ex

ten
sion

,
an

d
k

is
a

con
stan

t
of

p
rop

ortion
ality

w
h
ich

d
ep

en
d
s

on
th

e
m

aterial.
If

a
sp

rin
g’s

p
rop

erties
are

b
ein

g
p
lotted

,
it

is
k
n
ow

n
as

a
sp

rin
g

con
stan

t.
In

th
is

region
,

th
e

en
ergy

stored
in

th
e

sp
rin

g
is

given
b
y
E

=
12 k
x

2.

1H
ooke

w
rote

U
t
tensio,

sic
vis,

m
eaning

“A
s

the
extension,

so
the

force”.

6
C

H
A

P
T

E
R

2.
M

E
C

H
A

N
IC

A
L

B
E

H
A
V

IO
U

R
O

F
M

A
T

E
R

IA
L
S

6

-

F
/N

x
/cm

e
x
te

n
sio

n
�
�
�
�
�
�
�
� �

� �

� �

� �

� �

� �
s

s
s

L
P

E
L

Y
P

m
ax

im
u
m

stress
@@R

m
aterial

b
reak

s

F
igu

re
2.1:

T
h
e

ex
ten

sion
of

a
ty

p
ical

d
u
ctile

m
aterial

in
ten

sion
is

sh
ow

n
on

th
e

grap
h

ab
ove.

A
s

th
e

m
aterial

is
ex

ten
d
ed

,
th

e
force

n
eed

ed
on

th
e

ob
ject

is
p
lotted

ou
t.

T
h
ere

is
an

elastic
(H

o
okean

)
region

,
w

h
ere

th
e

ex
ten

sion
is

d
irectly

p
rop

or-
tion

al
to

th
e

ap
p
lied

force,
b

efore
th

e
lim

it
of

proportion
ality

(L
P

).
A

fter
th

e
elastic

lim
it

(E
L

),
ju

st
after

th
e

lim
it

of
p
rop

ortion
ality,

h
as

b
een

p
assed

,
th

e
m

aterial
w

ill
retu

rn
to

a
sim

ilar
sh

ap
e

an
d

size
w

h
en

th
e

force
is

rem
oved

,
b
u
t

th
ere

w
ill

b
e

som
e

p
erm

an
en

t
ex

ten
sion

(it
w

ill
con

tin
u
e

to
retu

rn
to

th
is

n
ew

form
if

forces
are

ap
p
lied

)
–

th
is

is
sh

ow
n

as
th

e
d
ash

ed
lin

e.
J
u
st

after
th

e
elastic

lim
it,

th
ere

is
a

p
oin

t
called

th
e

yield
poin

t
(Y

P
),

at
w

h
ich

a
d
istortin

g
force

cau
ses

a
m

a
jor

ch
an

ge
in

a
m

aterial.
T

h
e

m
aterial

u
n
d
ergo

es
p
lastic

d
eform

ation
,

m
ean

in
g

th
at

in
a

d
u
ctile

m
aterial,

th
e

b
on

d
s

b
etw

een
m

olecu
lar

layers
b
reak

,
an

d
th

e
layers

fl
ow

over
each

oth
er.

E
ven

tu
-

ally,
it

w
ill

keep
on

ex
ten

d
in

g
w

ith
n
o

ad
d
ition

al
force,

an
d

even
if

th
e

force
is

red
u
ced

.
T

h
e

m
aterial

fi
n
ally

b
reak

s
at

its
ten

sile
stren

gth
.

T
h
e

w
ork

d
on

e
in

ex
ten

d
in

g
th

e
m

aterial
is

eq
u
al

to
th

e
en

ergy
stored

in
th

e
m

aterial,
an

d
is

given
b
y

th
e

area
u
n
d
er

th
e

cu
rve.
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C Initial investigations

The results below are those of a feasibility test which I conducted, to ensure
that a suitable range of data was obtainable safely by the pupils, and that
this would enable them to make suitable comparisons between the materials,
and draw conclusions about the materials’ suitability for use as beams.

These materials were obtained from the technology workshop at Nether-
hall school, and so were not of uniform cross section or length. I therefore
calculated the mass per unit length as a rather crude comparable variable
for this initial test. The materials were suspended between two tables set
50 cm apart, and the mass required to obtain a 2 cm deflection was recorded
for each sample.

height/mm width/mm mass/g length/mm defl mass/g material mass
length / kg m-1

4.0 9.0 19.9 957 440 pine 20.8
5.0 14.0 34.4 629 1200 pine 54.7
4.0 20.5 32.5 736 800 pine 44.2
4.0 14.0 34.8 852 1000 hardwood 40.8
6.0 8.5 29.8 787 500 MDF 37.9
3.5 49.0 74.8 611 430 MDF 122.4
0.5 18.0 130.4 843 300 steel 154.7
3.0 9.0 184.3 1060 2000 brass 173.9
6.0 6.0 178.7 800 8000 steel 223.4
2.5 19.0 571.0 1273 5400 steel 448.5
3.0 88.0 155.0 600 400 perspex 258.3
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D Preparation of materials

I spent a considerable amount of time in preparing the materials for the
coursework. Some of this was done at the school, using the tools and ma-
terials available in the technology department – samples of pine, hardwood
(oak), MDF and perspex were prepared in this way. For the metals, however,
I was fortunate to get help from the University of Cambridge Deparment of
Materials and Metallurgy, who loaned samples of steel and aluminium, and
cut them to a suitable cross section and length.

Figure 3: The store cupboard at the Department of Materials Science and
Metallurgy, from which the metal samples were obtained.

Figure 4: This machine was used to cut the samples down to size. These
images were included in the presentation which I gave to the pupils at the
start of the coursework, and aroused considerable interest.
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E Lesson plans

Below are the original lesson plans which I wrote for the delivery of the
coursework in three hour-long lessons. I have added references to the as-
sessment criteria in italics from my handwritten marginal notes, to make
it clear where I hoped to stretch the pupils into achieving the higher grade
criteria.

Lesson 1

• Discuss first two suitability tests as a group, revising the idea of testing
materials for suitability by measuring relevant properties and discuss
the tests used.

• Slide show presentation: Introduce into group discussion beams –
uses of beams (with particular reference to the construction industry
and bridge building) [Strand A (a): “detailed description of use and
. . . workplace context”], useful properties, problem properties [Strand
A (b): “full desription of desirable properties . . . , explaining why these
are necessary”], how to measure [Strand B (a): “more general brief”].

• Fill in sheets up to actual tests, make a plan [Strand B (a): “approach
defined by candidate”; Strand E (a): Structure and organization of
report; (b): full and correct use of scientific vocabulary ].

Lesson 2

• Start by discussing properties to measure [Strand C (a): “appropriate
degree of precision”; (b): “relevant range, with values well-chosen”]
& plans from last time [Strand B (b): “explaining how [test] relates
to criteria for suitability”]. Note safety arrangements – e.g. limit to
maximum mass to prevent breakage of samples.

• Practical time, in which test to measure flexibility (NOT ultimate
tensile strength: this is in a table on the datasheet) is carried out
[Strand B, (a): “carried out independently”; (b): “skilfully carries out
a complex task”; Strand C (c): Quality of data].

• Results tables should be filled in by the end of this lesson [Strand C
(a): “devises own format and correctly records data”].

Lesson 3

• Quick recap on the suitability test and what was done last time.
Graphs are drawn [Strand C (a): “correctly records data”] to represent
the data gathered in the last lesson (the graph can be teacher-defined
with no loss of marks).
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• Suitable conclusions are drawn by the pupils individually [Strand D
(a): “draws correct conclusion from pattern”].

• Demonstration on laminates as reward, and since it is final lesson.

• Group discussion on the various methods employed, limitations [Strand
D (b): “describes in detail and explains improvements”].

• Write evaluation sections before the end of the lesson [Strand E (a):
Structure and organization of report; (b): full and correct use of sci-
entific vocabulary ].
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F Assessment criteria

Below are the exam board’s assessment criteria and suggested “suitability tests” for the

coursework, and in more detail from the teachers’ guide.

 64
 

G
C

SE A
dditional A

pplied Science Second Edition 

M
arking C

riteria – S
uitability Test 

 

M
ark 

A
spect of 

P
erform

ance 
2 

4 
6 

8 
 Strand A

 Purpose of the test 

(a) The use or 
purpose of the 
m

aterial, procedure 
or device to be 
tested, related to its 
w

orkplace context. 

M
akes som

e 
reference to its 
use or purpose.  

G
ives a lim

ited 
description of both 
its use and som

e 
aspect of the 
w

orkplace context. 

G
ives a 

reasonable 
description of both 
its use and som

e 
aspect of the 
w

orkplace context. 

G
ives a detailed 

description of both 
its use and 
relevant aspects of 
the w

orkplace 
context. 

(b) The criteria for 
‘suitability’ of the 
m

aterial, procedure 
or device 

G
ives som

e 
description of its 
desirable 
properties or 
characteristics. 

G
ives a full 

description of its 
desirable 
properties or 
characteristics. 

G
ives a full 

description of its 
desirable 
properties or 
characteristics, 
explaining w

hy at 
least one of these 
is necessary 

G
ives a full 

description of its 
desirable 
properties or 
characteristics, 
explaining w

hy 
these are 
necessary. 

Strand B
 C

arrying out an appropriate test  

(a) S
tudent 

autonom
y &

 
independence 

The approach is 
based on specific, 
task-related 
structured 
w

orksheets w
ith 

further guidance 
from

 the teacher at 
m

ost stages. 

The approach is 
closely defined by 
the teacher, and is 
carried out w

ith 
further guidance at 
several points 
during the testing. 

The approach is 
closely defined by 
the teacher, but is 
carried out w

ith 
little further 
guidance. 

The approach is 
defined by the 
candidate from

 a 
m

ore general brief, 
and then carried 
out independently. 

(b) C
om

plexity and 
appropriateness of 
the test 

C
arries out a 

sim
ple 

m
easurem

ent or 
com

parison task. 

C
arries out a task 

of lim
ited 

com
plexity. 

S
kilfully carries out 

a com
plex task. 

S
kilfully carries out 

a com
plex task, 

explaining how
 it 

relates to the 
criteria for 
‘suitability’. 
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M
ark 

A
spect of 

P
erform

ance 
2 

4 
6 

8 
 Strand C

 C
ollecting data or observations 

(a) R
ecording the 

data 
P

artially records 
data or 
observations in a 
given form

at. 

Fully records data 
or observations in 
a given form

at. 

D
evises ow

n 
form

at and 
correctly records 
data or 
observations 
including all units 
of m

easurem
ent. 

D
evises ow

n 
form

at and 
correctly records 
data or 
observations to an 
appropriate 
degree of 
precision. 

(b) R
ange and 

quantity of data or 
observations 

D
ata or 

observations are 
lim

ited in am
ount, 

covering only part 
of the relevant 
range. 

A
n adequate 

am
ount or range 

of data or 
observations. 

A
n adequate 

am
ount and range 

of data or 
observations, w

ith 
repeats or checks 
for reliability. 

D
ata or 

observations 
collected cover the 
relevant range, 
w

ith values w
ell-

chosen across the 
range. 

(c) Q
uality of data  

D
ata generally of 

low
 quality. 

D
ata of variable 

quality, w
ith som

e 
operator error 
apparent. 

D
ata generally 

good quality – 
adequately precise 
and reliable. 

D
ata has a high 

level of precision 
and reliability. 

Strand D
 Evaluation of suitability  

(a) C
onclusion 

about suitability, 
draw

n by 
appropriately 
linking data or 
observations to the 
purpose of the 
test, and 
aw

areness of any 
lim

its to the 
conclusions. 

D
raw

s som
e 

conclusion, but 
data or 
observations not 
linked back to the 
purpose of the 
test. 
 

D
raw

s a correct 
conclusion from

 
individual results 
or sim

ple pattern 
in results, by 
linking these to 
the purpose of the 
test. 

D
raw

s a correct 
conclusion from

 
overall pattern of 
results, by linking 
clearly to the 
purpose of the 
test. 

D
raw

s a correct 
conclusion from

 
overall pattern of 
results by linking 
clearly to the 
purpose of the test. 
D

iscusses any 
lim

itations, such as 
range over w

hich it 
is suitable.  

(b) E
valuation of 

testing procedure 
used 

M
akes a relevant 

com
m

ent about 
how

 the data w
as 

collected. 

C
om

m
ents on any 

problem
s 

associated w
ith 

the apparatus and 
techniques used. 

S
uggests 

im
provem

ents to 
apparatus or 
techniques, w

ith 
little practical 
detail. 

D
escribes in detail 

and explains 
im

provem
ents to 

apparatus or 
techniques. 
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G
C

SE A
dditional A

pplied Science Second Edition 

M
ark 

A
spect of 

perform
ance 

2 
4 

6 
8 

 Strand E Q
uality of scientific com

m
unication 

(a) The structure 
and organisation of 
the report 

The report has 
little or no 
structure or 
coherence, or 
follow

s a structure 
provided by 
w

orksheets. 

The report has an 
appropriate 
sequence or 
structure. 

Inform
ation is 

effectively 
organised, w

ith 
contents listing of 
key elem

ents and 
page num

bering.  

C
onsiderable care 

has been taken to 
present the 
inform

ation clearly to 
a chosen audience. 

(b) G
eneral quality 

of com
m

unication 
U

ses little or no 
relevant technical 
or scientific 
vocabulary. 

U
se of 

appropriate 
vocabulary is 
lim

ited. 

U
ses an adequate 

scientific 
vocabulary. 

M
akes full and 

correct use of 
scientific vocabulary 
achieve effective 
com

m
unication. 

A
ppropriate suitability tests include: 

• 
com

paring the suitability of different devices for m
easuring body tem

perature; 

• 
com

paring different m
ethods of m

easuring blood glucose; 

• 
com

paring different w
ays of m

easuring a person’s physical capabilities, such as strength, 
pow

er, or flexibility; 

• 
testing a grow

th m
edia such as soil, peat-based com

post, peat-free com
post for seed 

germ
ination rate; 

• 
com

paring different types of flour by m
easuring their gluten content and/or the quality of bread 

m
ade from

 them
; 

• 
testing a device w

hich m
easures the hardness of a tom

ato; 

• 
identifying features of a sam

ple using the naked eye and a light m
icroscope; 

• 
com

paring different solvent system
s w

ith paper chrom
atography to separate the dyes in ink; 

• 
com

paring the effectiveness of either an active ingredient or a form
ulation for its specified 

purpose e.g. antacids to neutralize acids, or acids used to rem
ove lim

escale; 

• 
com

paring the quality of signal transfer w
ith and w

ithout earth shielding; 

• 
com

paring the frequency response for different types of m
icrophones or loudspeakers; 

• 
testing an electrical or electronic product against its specification; 

• 
testing the tensile strength of fishing line; 

• 
com

paring the transm
ission of light or infra-red radiation through glass and P

erspex acrylic; 

• 
com

paring the therm
al expansion of tw

o m
etals. 

 

 G
C

SE A
dditional A

pplied Science A
 

32

A
6 M

aterials 

In som
e of these tests, individuals could collect enough data to m

ake a com
parison (S

trand C
) but 

could also share data to help in evaluating their results (S
trand D

).  V
ery w

eak classes could 
collect a lim

ited am
ount of data but could use shared data together w

ith a w
riting fram

e to support 
w

ork for the E
valuation. 

Find the m
ost suitable type of fishing line by com

paring tensile 
strength and stiffness  
S

afety considerations m
ay restrict m

easuring tensile strength to a 
dem

onstration, but data from
 this could be shared and used together 

w
ith data on stiffness to form

 a conclusion. 

A
ctivity A

A
6.3 

C
hoose elastic for clothing by com

paring its stiffness and elastic 
behaviour  
D

ata on extension can be supplem
ented by m

easurem
ents of length 

w
ithout the load, to check the load at w

hich the behaviour becom
es 

plastic. 

A
ctivity A

A
6.4.3 

Find w
hich m

ortar m
ixture has the highest com

pressive strength 
• 

W
hen planning, rem

em
ber that the m

ortar requires tim
e to set. S

pare 
sam

ples m
ay be needed for absentees and disasters. 

• 
A

 clear labelling system
 is needed. 

• 
This could be used w

ith low
 ability candidates if safety can be 

guaranteed. 

A
ctivity A

A
6.8 

Find the best m
aterial for a crum

ple zone 
This could be used for low

 ability classes, generating very sim
ple data 

such as the num
ber of layers needed before the m

agnet falls off. 

A
ctivity A

A
6.7  

(could count layers or 
m

easure thickness of 
crum

ple zone m
aterials) 

Find the m
ost suitable lens pow

er for correcting an eye defect  
Lenses of different pow

ers can be used to form
 an im

age on a screen.   
The im

age distance should be recorded for each lens.  The m
ost 

suitable lens is the one w
hich gives an im

age closest to 5 cm
 from

 the 
‘eye lens’. 
This w

ould be suitable for higher-ability candidates. 

A
ctivity A

A
6.26 

(using an ‘eye lens’, a 
screen to locate the 
im

age and lenses of 
different pow

ers) 

Find the best m
aterial for soundproofing a room

  
This could be used for low

er ability classes.  It could be done as a 
dem

onstration, but the m
arks for data collection w

ould be low
.  For 

S
trand C

, candidates could describe the loudness of the sound by the 
height of the oscilloscope trace, w

hich m
ight need to be qualitative.  

Q
uantitative data could also be given to help w

ith the evaluation.  
This S

uitability Test could be helpful w
here class m

anagem
ent issues 

cause problem
s. 

A
ctivity A

A
6.24 
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G Datasheet and Factsheet

This is the datasheet which I distributed amongst the pupils during the
coursework, for additional data to base their comparisons on, and on the
next page is a factsheet which I handed out in the group discussion at the
start of the coursework. This allowed them to write introductions to the
coursework with fuller knowledge of how beams might be used in the real
world.

Density

Material ρ / kg m−3

Pine 560
Oak 730
Perspex 1190
Steel 7850
Aluminium 2700

Strength

Material σf / MPa
Pine 40
Oak 60
Perspex 75
Steel 2000
Aluminium 600

Melting Point

Material Tm / ◦C
Pine –
Oak –
Perspex 130
Steel 1370
Aluminium 660

Cost

Material Cost / £ kg−1

Pine 1.423
Oak 2.730
Perspex 4.520
Steel 0.614
Aluminium 0.931
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Beam Factsheet

Introduction

Beams are used widely in the construction industry to
build structures such as buildings and bridges. A beam
can be made of any material if it is made into a long and
thin extended structure. Beams are a good way of span-
ning gaps in buildings, since they go a long way without
becoming too heavy.

Figure 5: A simple log bridge in the mountains
in France

Properties

Engineers and builders who use beams everyday need to
understand their properties. This helps them to make sure
that structures will be safe by using a beam which will be
strong enough to support the required load. Beams of
various materials and dimensions are tested before being
used in a real building. In modern construction, beams
are typically made of steel, reinforced concrete, or wood.

Figure 6: A beam supported at both ends bend-
ing under a uniform load.

Shape

Beams can also be made in special shapes, which make
them stiffer, and less likely to bend – in steel-frame build-
ings and bridges, steel I-beams are often used, which have
an I-shaped cross section. These beams are light and very
resistant to bending for their weight, since this is the most
efficient shape for loading in one direction only. Efficiency
is a measure of how little deflection a beam will have for
the same cross sectional area of beam and the same load.

A universal I-beam is only the most efficient shape in
one direction of bending: up and down looking at the pro-
file as an I. If the beam is bent side to side, it functions
as an H where it is less efficient. The most efficient shape
for both directions in 2D is a box (a square shell) however
the most efficient shape for bending in any direction is a
cylindrical shell or tube. But, for unidirectional bending,
the universal (I or wide flange) beam is king. Other com-
mon beam profiles are the C-channel, the hollow structural
section beam, the pipe, and the angle.

Bridges

Figure 7: This bridge in Japan has the longest
span of any in the world.

Figure 8: Two beams are used cleverly in the
construction of this bridge in the Swiss Alps.
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