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The testing of student performance in the Natural
and Processed Materials strand of science was
conducted in September 1997 by Monitoring
Standards in Education (MSE). This was one aspect
of a broad testing program aimed at monitoring the
performance of Years 3,7 and 10 students in the
Science Learning Area. The other strands of science

tested were:

* Investigating Scientifically;
* Earth and Beyond;

* Energy and Change; and
* Life and Living.

The testing of student performance in each of the
strands of science was designed to gather
information about the skills and understandings
demonstrated by students in terms of the Science

Student Outcome Statements.

Student activity in this strand develops an
understanding that different materials have
different properties and these properties relate
to their uses; that the structure of materials can
explain their behaviour and properties; and that
interactions occur between materials and
materials can change. From an understanding of
different uses of materials, their properties, how
they change, and how these are interrelated,
they develop an understanding of the
microscopic structure of materials and models,
concepts and principles that explain features and
changes. At later levels, they understand how
science is used to develop and assess the use of
new materials.

(Student Outcome Statements: 1998, p.5)



Curriculum experiences for Year 3 students in this strand are designed to allow them to begin to explore more
abstract concepts, such as the properties of the various states of matter. Activities investigating the different
properties and uses of different materials provide the basis for students to develop a more complex

understanding of the concepts associated with this strand.
Evidence of this type of development in Year 3 students is reflected in their responses to these questions.

The following question proved to be the least difficult for Year 3 students. Students were asked to identify an

object in the question which is soft (level 2).

Exemplar |

Circle the picture that shows a soft object.

A correct response to the following question most closely reflects the mean performance of Year 3 students.
They were asked to identify the most appropriate material for wrapping clothes to keep them dry (level 2).

Sixty-eight percent identified plastic as the most appropriate material for this purpose.

Exemplar 2

Melanie was going on a bushwalk.

She wanted to wrap some clothes up to keep them dry
if it rained.

Tick (¢ ) which one of these would be best to use
to wrap her clothes in.

paper

cotton

\/’ plastic

cardboard




The following question was the most difficult for Year 3 students. They were asked to explain why the spokes
and rims of a bike wheel are made of a solid material (level 4). Twenty-three percent indicated that a solid
material will not change its shape easily, so the wheel will stay round, while 57% gave an incorrect response, and

20% did not respond.

Exemplar 3

The parts of a bike are made of different types of material.

The frame, the rims of the wheels and the wheel spokes
are made of solid materials.

The tyres are filled with air.
The oil on the chain is a liquid.

Explain why the rim and spokes of the wheels are made
of solid material.
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Monitoring Standards in Education

Year 3 Subgroup
Performance

Subgroups of Year 3 students were identified in the 1997 system-
level assessment of student performance. The random sample
was stratified to ensure that appropriate numbers of Aboriginal
students were tested to allow valid conclusions to be drawn

about their performance. The performance of Year 3 subgroups

is shown in Table 2, Figure 2, and the associated Exemplars below.

Figure 2 — Subgroup Performance in Year 3
in Natural and Processed Materials in 1997
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Table 2 — Subgroup
Performance for Year 3 in
Natural and Processed
Materials in 1997

no of standard
students (level) deviation

ALL | 754 327 (2) 83

Female 849 329(2) 82

Male 898  325(2) 84

LBOTE 292 314 (2) 82

ATSI 98 270 (1/2) 84

Legend

= mean performance

ATSI

Female
Male
LBOTE

PERFORMANCE

LEVEL SCALE
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The difference in the mean performance of Year 3 male and female students is not statistically significant.

There were, however, differences in the patterns of male and female responses to particular questions.
Year 3 males found it relatively easier to:
Relate the features of a material to its function

The following question asked students to identify the most appropriate material for making the handle of a

saucepan (level 4).

Exemplar 4

Look at this table which shows some properties of different

materials.
heat can flow
Material through easily cost
aluminium v cheap
wood E cheap
plastic 3 expensive
copper v expensive

If you didn’t have an oven mitt or a cloth to pick up
a saucepan, which material would be the best choice
for making the handle of a saucepan?

__warod

Give two reasons for your choice.

H’B C‘\ ean .
Y And heat daent o7 thes e




Relate the characteristics of a material to its molecular structure

The following question asked students to relate the physical characteristics of the milk and marble in relation to

being a liquid and solid respectively (level 2).

Exemplar 5

Milk can easily change its shape when it is moved
from one container to another.

Why can the milk easily change its shape,
but the marble can't?

Explain your answer.

Mf[( \ ( Ln‘?rr‘a’
dMerlbly ¢ solid




In contrast, females found it relatively easier to:
Identify changes to a material as being permanent or temporary

The following question asked students to explain whether the changes to the cling wrap caused by rolling it

into a ball could be reversed (level 2).

Exemplar 6

Sally found a new piece of plastic cling wrap on the bench.
The piece of cling wrap had just been taken off a roll.

She used the piece of cling wrap to make a ball for her cat to
play with.

When the cat finished playing would Sally be able to put the

piece of cling wrap back exactly the way it was before
she made the ball?

No.She wiouldnl  because
when ching wap Gfls scrundhed

up N s\\c\«s \oo&’mef and %{’.’fs
\l("m\&\i’_d \JP. J

The difference in the mean performance of Year 3 ATSI and non-ATSI students is statistically significant, with
non-ATSI students outperforming ATSI students. There were no differences in the patterns of ATSI and

non-ATSI responses to particular questions.

The difference in the mean performance of Year 3 LBOTE students and students with English Speaking
Background (ESB) is statistically significant, with ESB students outperforming LBOTE students. There were no
differences in the patterns of LBOTE and ESB student responses to particular questions.



Year 7 students are encouraged to apply their analytical and intuitive thinking to deal with a range of concepts,
particularly in relation to the changes which occur in the properties of materials and the cause of the changes.
However, most Year 7 students still find it difficult to comprehend abstract concepts, such as that assessed in the

question below providing Exemplar 10.

Evidence of this type of development is reflected in responses to the following questions included in both the

Year 3 and Year 7 testing program.
Year 7 students find it easier to:
Identify changes to a material as being permanent or temporary

The following question asked students to explain whether the changes to the cling wrap caused by rolling it
into a ball could be reversed (level 2). Fifty percent of Year 3 students and 80% of Year 7 students indicated

that the changes to the cling wrap were likely to be permanent.
See Exemplar 6.
Relate the features of a material to its function

The following question asked students to indicate whether cloth or rubber gloves should be used to keep
hands dry when washing dishes (level 2). Forty-six percent of Year 3 students and 79% of Year 7 students
indicated that rubber gloves would be most appropriate due to their water proof characteristics. A further
41% of Year 3 students and 21% of Year 7 students gave an incorrect response, while 3% of Year 3 students

did not respond.
Exemplar 7

2 Gloves can be made of rubber or of cloth.

Which type of glove would be best to use to protect your hands
when washing the dishes?

Explain your answer.

Rubbee - becdurse tdees not

absorb wates and cloth

alowe s ol -




The question in the previous section about plastic wrap proved to be the least difficult for Year 7 students.

See Exemplar 6.

A correct response to the following question most closely reflects the mean performance of Year 7 students.
Students were asked to describe the changes to wool after it had been processed (level 3). Forty-seven
percent indicated that the wool would start oily and dirty and would become clean and non-greasy after

processing.

Exemplar 8

Wool is processed at a woollen mill.

When the wool arrives at the mill, it contains grease from the
sheep’s body and dust and grass.

The first step in processing the wool is called scouring.

The wool is passed through a series of tubs which contain soapy
solutions.

Describe what the wool would feel like before and after it has
been scoured.

Before - Oi\\; ity &  cnarce

Aicr - scfy , clean, waevy
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The following question was the most difficult for Year 7 students. Students were asked to explain why the
boiling point of natural gas made it suitable for use as a cooking fuel (level 5). Less than 1% indicated that the
boiling point of natural gas causes the substance to be a gas at normal ambient temperatures, allowing it to be

transported easily through pipes and appliances.

Exemplar 9

16 Refer to this table for information on materials that can be obtained

from crude oil.
Material Typical Boiling Point °C Common use
natural gas -161 cooking gas
petrol 120 automobile fuels
lubricating oil 300 lubricants for automobiles and
machines
asphalt more than 400 road surface

a) Explain why the boiling point of natural gas makes it
suitable for its use.

Becnusz v bl als ve/f:} lo/
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Monitoring Standards in Education

Year 7 Subgroup Performance for Year 7 in

Perform ance Natural and Processed

Materials in 1997

Subgroups of Year 7 students were identified in the 1997 system-

mean
level assessment of student performance. The random sample no of NS standard
students (level) deviation

was stratified to ensure that appropriate numbers of Aboriginal
students were tested to allow valid conclusions to be drawn ALL | 404 430 (3) 67

about their performance. The performance of Year 7 subgroups

in this strand is shown in Table 3, Figure 3, and the associated Female 714 A2 () 64

Exemplars below.
Male 690 431 (3) 71

.Flgure 3 — Subgroup Performan.ce |.n Year 7 LBOTE 177 410(23) 73
in Natural and Processed Materials in 1997
ATSI 91 369(/3) 90
800 —
el
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750 —| 3 .
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The difference in the mean performance of Year 7 male and female students is not statistically significant.

There were, however, differences in the patterns of male and female responses to particular questions.
Year 7 males found it relatively easier to:
Relate the features of materials to their function

The following question asked students to choose the most appropriate material for making electrical wiring and

then to explain their answer (level 4).

Exemplar 10

Refer to this information table:
electricity flows melting point
through easily temperature
Solid Material (conducts electricity) Q)

sodium chloride no 801
diamond no >3350
mercury yes -39
copper yes 1084
* Room temperature is about 25 °C

Which material is most likely to be used for electrical wiring? Why?
o_luﬁ_-i?__ll%‘_#ms_w ua;-é;u .




Explain the features of a substance in terms of its molecular structure

The following question asked students to identify the gas which would escape most quickly from a balloon,

given the relative size of the molecules of the gases (level 5).

Exemplar |1

A molecule of hydrogen gas has the formula H,.
A molecule of methane pas has the formula CH,.

Balloons have very small (microscopie) holes in them through
which small molecules can move.

If two balloons are filled to the same size, cne containing hydrogen
gas and one containing methane gas, which balloon would go
down quicker? fj L

Explain your answer.

| hnhk 'Hﬁ‘ H'Lg /:é‘n{ergnd
mll.&',‘de& ol cwallec =0 ”‘eﬁi

@n %cj‘ cu[ eosie -

In contrast, females found it relatively easier to:
Choose an appropriate material for a particular function

The following question asked students to identify the most appropriate material for keeping clothes dry in the

rain (A) and then to explain their answer (B) (level 2).
Exemplar 12

Melanie was going on a bushwalk.
She wanted to wrap some clothes up to keep them dry if it rained.

a}  Tick (#” ) which one of these would be best to use to wrap
her clothes in.

paper

cotton
plastic.”/
cardboard

b)  Explain your choice.



The following question asked students to identify the most appropriate material to make a parachute and then

to explain their choice (level 2).

Exemplar 13

Fabrics are made from different types of fibres.

Use the information in this chart to answer the question.

Properties of fibre
ability to
Type of fibre strength absorb water warmth fire resistance
wool weak high warm burns slowly
cotton strong high cool burns rapidly
nylon strong low cool melts

Which fabric would be the best type to make a parachute from?

Explain your choice.

Nylon b it 0
l‘?(' dnt.s_n'i‘ abroco water.

Identify changes in materials which occur over time

The questions providing Exemplars 6 and 8 asked students to explain whether or not plastic wrap would return
to its original form after it had been rolled into a ball (level 2), and to explain the changes to wool after it has

been processed (level 3).



Monitoring Standards in Education

Aboriginal and Torres Strait Islander Student Performance

The difference in the mean performance of Year 7 ATSI and non-ATSI students is statistically significant, with
non-ATS| students outperforming ATSI students. There were no differences in the patterns of ATSI and
non-ATS| responses to any questions.

Language Background Other Than English Student Performance

The difference in the mean performance of Year 7 LBOTE students and students with English Speaking

Background (ESB) is statistically significant, with ESB students outperforming LBOTE students. There were

no differences in the patterns of LBOTE and ESB student responses to particular questions.
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Year 10 students are required to use their scientific understandings and generalisations to interpret the world.
They apply generalisations to suggest uses for materials, such as in exemplar |7, which Year |0 students found
hardest. Year 10 students tend to think more logically and analytically and use scientific concepts to explain a
range of situations. This is demonstrated in their ability to apply their understanding of physical and chemical

concepts to analyse systems, as in the question on the refinement of crude oil.

Evidence of this type of development is reflected in responses to the following questions included in both the

Year 7 and Year |0 testing programs.
Year |0 students are more likely to:
Identify the features and characteristics of various chemical substances

The following question asked students to identify an element in the reaction given (level 4). Eleven percent of
Year 7 students and 42% of Year |0 students identified zinc or hydrogen as elements, and explained that this
was because there is only one type of atom present in their structure. A further 28% of Year 7 students and
39% of Year 10 students correctly identified an element but did not give a reason for their choice, while 32% of

Year 7 students and 10% of Year 10 students gave an incorrect response.

Exemplar 14

Hydrogen gas is used to fill weather balloons and to
manufacture ammonia.

Hydrogen is produced in the laboratory according to the
following reaction:

zinc + hydrochloric acid gives zinc chloride + hydrogen
The substances in the reaction are either an element ( substance
made of only one type of atom) or a compound ( substance made

of atoms of two or more elements which are chemically joined).

a) Name one substance in this reaction which is an element.

g




The following question asked students to identify the gas which would escape quickest from a balloon, and to
explain their choice in terms of the chemical structure of the gas (level 5). Eight percent of Year 7 students and
28% of Year 10 students identified hydrogen as the gas which would escape quickest from the balloon because
of the smaller size of its molecules. A further 229% of Year 7 students and 24% of Year |0 students identified

hydrogen but did not explain their answer, while 70% of Year 7 students and 48% of Year |0 students did not
provide a correct response.

Exemplar 15

A molecule of hydrogen gas has the formula Hj.
A molecule of methane gas has the formula CHy.

Balloons have very small (microscopic) holes in them through
which small molecules can move.

If two balloons are filled to the same size, one containing
hydrogen gas and one containing methane gas, which balloon
would go down quicker?

T}Y Ond lewiﬁq X

— J

Explain your answer.

Py 1 Madu q\l} L odod unda (oM
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The following question asked students to explain why the boiling point of natural gas makes it appropriate as a
cooking fuel (level 5). Less than 1% of Year 7 students and 3% of Year |10 students indicated that the boiling
point of natural gas causes it to be a gas at room temperature and pressure, thus making it suitable for use as a

cooking fuel.

See Exemplar 9.

The following question was the least difficult for Year 10 students. They were asked to identify the substance
most appropriate for making electrical wiring (level 4). Seventy-two percent indicated that aluminium would be

most appropriate because it is a solid that conducts electricity.

Exemplar 16

Refer to this information table:
Solid, liquid or

Heat flows Electricity flows gas at room

Material through easily through easily temperature
mica no no solid
aluminium yes yes solid
pyrex yes no solid
mercury yes yes liquid

Which material would be used to make electrical wiring?

Explain your answer.

Quurnniony  Becaute alecédo.l«g Flows

Pough B easig_ang_ it i

SO\id gt c66rm ey,




The following question proved to be the most difficult for Year 10 students. They were asked to describe a
situation in which the neutralisation reaction between hydrochloric acid and sodium hydroxide would be useful
(level 6). Two percent indicated that such a reaction would be useful for the adjustment of pH in pools or fish
tanks, or in the neutralisation of either of the two substances in a spill. A further 47% gave a response which

was incorrect or inappropriate, while 51% did not respond.

Exemplar 17

Jessica wanted to investigate the way in which hydrochloric acid
(HC) reacts with various substances.

What would Jessica expect to happen when the hydrochloric
acid reacts with sodium hydroxide (NaOH)?

a) Give a word equation for the reaction.

BéL Hudvaonlone_acid S_ndium voxige —>
Na Sediwvt Chivide 4+ T.O\woder”

b) Give a balanced chemical equation for the reaction.

KA+ NoOHt —= ANoC) ¢ H%Q

c) Describe a situation where this reaction would be useful.

v neuvalizivg o el .



Monitoring Standards in Education

Year 10 Subgroup
Performancé

Subgroups of Year |0 students were identified in the 1997
system-level assessment of student performance. The random
sample was stratified to ensure that appropriate numbers of
Aboriginal students were tested to allow valid conclusions to be
drawn about their performance. The performance of Year 10
subgroups in this strand is shown in Table 4, Figure 4, and the

associated Exemplars below.

Figure 4 — Subgroup Performance in Year 10
in Natural and Processed Materials in 1997
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Table 4 — Subgroup
Performances for Year 10 in
Natural and Processed
Materials in 1997

no of

students

mean

standard

score

(level)

ALL

I 579

deviation

461 (3/14) 98

Female

8

5

469 (3/4) 91

Male

753

455 (3/4) 103

LBOTE

226

441 (3) 105

ATSI

84

382 (23) 89

Female

Male

Legend

mean performance

i
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-

ATSI

PERFORMANCE

LEVEL SCALE
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The difference in the mean performance of Year 10 male and female students is not statistically significant.

There were, however, differences in the patterns of male and female responses to particular questions.

Year |0 males found it relatively easier to:

Relate the molecular structure and characteristics of materials to their features and functions
See Exemplars 9 and 15,

The following question asked students to explain, in terms of molecular structure and boiling point, how the

various substances in crude oil are separated as they are cooled in the fractional distillation tower (level 6).
Exemplar 18

Crude oil is made up of many types of molecules.

These molecules are different sizes and can be separated in a
fractionating column as shown in the diagram. A fractionating
column works by disiilling substances at different points up the
column depending or their boiling peint.

The crude cil is heated to turn it into gases.

Hot crude oil enters the base of the colutnn in the form of a
mixture of gases.

The heaviest melecules condense (change from a gas to a liguid)
as lubricating oil immediately.

The other molecules separate further up the column

The temperature at which a substance condenses is its beiling point.

Fraction  Baojling Point Range (*C)
coolest iemperatmre [_’ e PO
A l

_| gasoline 30- 180

110 - 195

—|£ rouse

heating ol 260 - 350

_1 ’_: kobricating oil 300 - 370

crude oil pm—
beated to 370°C

hottest ieoperanme

Soures: Adapted from Figure A1, page 181 in The Top Fifty Industrial Chemimals.
Raymond Chang, Wayne Tikkanen Random House, 1988,



Explain how this process of separation relies on the differing
boiling points of the substances to be effective.

Indicate what happens to the molecules of each substance as
they reach their boiling point.

'AJ‘ 0 Q\J“N en el P%’C’Lm; 0 substance

'Ub’_iu eiw\@vv’ condlense, (in S~ NS

-ﬂ’muofx} 04 Sjrct‘\wt Wt By m d’
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ol sane  temp hen Al

talecule veadmbeiling pant |
it condenses, C%cmg\?f/\&j Cycn
Ljets = \'\CLAA{C\\

In contrast, females found it relatively easier to:

Relate the physical characteristics of a material to its function

See Exemplar 6.



Identify the various components of a chemical reaction based on their molecular structure

In part (a) of the following question, students were expected to identify zinc or hydrogen as elements in the
reaction given, while in part (b) students were expected to identify hydrochloric acid or zinc chloride as

compounds, and to explain their answer in both cases (level 4).

Exemplar 19

Hydrogen gas is used to fill weather balloons and to

manufacture asmmonia.

Hydrogen is produced in the laboratory according to the
following reaction:

zinc + hydrochloric acid gives zinc chloride + hydrogen

The substances in the reaction are either an element { substance
made of only one type of atom) or a compound ( substance made
of atoms of two or more elements which are chemically joined).

a) Name one substance in this reaction which is an element.

yA S

Explain your answer.
T U W OSSOt o
Yo Yhon one dype of atom

b) Name one substance in this reaction which is a
compound.

ndfarnione Ao

Explain your answer.
nydfech\one Acid Decause 14
oS more ¥an 2 types of
Qionns




Monitoring Standards in Education

Aboriginal and Torres Strait Islander Student Performance

The difference in the mean performance of Year 10 ATSI and non-ATSI students is statistically significant, with
non-ATS| students outperforming ATSI students. There were no differences in the patterns of ATSI and
non-ATS| responses to any questions.

Language Background Other Than English Student Performance

The difference in the mean performance of Year 10 LBOTE students and students with English Speaking

Background (ESB) is statistically significant, with ESB students outperforming LBOTE students. There were no

differences in the patterns of LBOTE and ESB student responses to particular questions in this strand.
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