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Practical skills to be assessed in written papers

Overall, at least 15% of the marks for all A-level Biology, Chemistry and Physics courses will require the assessment of practical skills. In order to be able to answer these questions, students need to have been taught, and to have acquired competence in, the appropriate areas of practical skills as indicated in the tables of coverage below.
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Biology ATs
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[bookmark: _Toc1179864093]2022 A-level Science practical questions

[bookmark: _Toc2007720406]Questions about methods or techniques

Biology P1 Q6.3 
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Commentary

Needs reference to time for MP2. Accept set time, but not period of time (as this could vary). Must say, weight before and after (or similar wording). Uptake is not enough - must refer to mass or length change and lower WP for MP4.


Chemistry P1 Q4.4
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Commentary 

No MP1, MP2 awarded, MP3 contradiction.


Physics P3 Q2.2 
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Commentary 

MP1 awarded. An explicit statement that L (by itself and not in combination with other properties) is constant, must be seen for MP2. Plenty of MP3 evidence. Although m was varied multiplying by g to get F is acceptable for MP4. 1/gradient not gradient in expression for E loses MP5.


[bookmark: _Toc31450218][bookmark: _Int_i1cr5YEa]Understanding the science

Chemistry P3 Q4.1
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Commentary 

MP1 large amount not enough, not relative amount.


Physics P3 Q4.5
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Commentary 

Gradient calculation is fine but no minus sign with result so loses MP1. Can condone constant = log 1.685 but don’t allow log V = m^-1 x log p + log 1.685 so loses MP2. Need more than ‘gradient is constant’ for MP3.


Biology P3 Q3.5 (Suggest)
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Commentary 

‘Different fields of view’ is rejected.
Physics P3 Q1.3 
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Commentary 

Although ‘wave’ is ok for ‘waveform’ ‘longer wave’ is not quantitative so deny MP2. 
Decrease/change time-base for MP4.

Chemistry P3 Q3.7
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Biology P2 Q4.2 

[image: ]

[image: ]

Commentary

‘Pressure in apparatus increases’ disqualifies MP3.


[bookmark: _Toc1444939905]Calculate/deduce questions

Biology P2 Q4.5
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Physics P3 Q1.2 
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Chemistry P2 Q9.2 
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Commentary

To get MP2 they should have divided by 2.
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Competency Practical mastery

3. Safely uses a range of practical equipment
and materials

(a) Identifies hazards and assesses risks
associated with those hazards, making safety
adjustments as necessary, when carrying out
experimental techniques and procedures in the
lab or field.

(b) Uses appropriate safety equipment and
approaches to minimise risks with minimal
prompting.

4. Makes and records observations

(a) Makes accurate observations relevant to the
experimental or investigative procedure.

(b) Obtains accurate, precise and sufficient data
for experimental and investigative procedures
and records this methodically using appropriate
units and conventions.

5. Researches, references and reports

(a) Uses appropriate software and/or tools to
process data, carry out research and report
findings.

(b) Cites sources of information demonstrating
that research has taken place, supporting
planning and conclusions.
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ATa |use appropriate apparatus to record a range of quantitative measurements (to include
mass, time, volume, temperature, length and pH)
ATb | use appropriate instrumentation to record quantitative measurements, such as a
colorimeter or potometer
ATc | use laboratory glassware apparatus for a variety of experimental techniques to include
serial dilutions
ATd |use of light microscope at high power and low power, including use of a graticule
ATe | produce scientific drawing from observation with annotations
ATf |use qualitative reagents to identify biological molecules
AT g |separate biological compounds using thin layer/paper chromatography or electrophoresis
ATh  |safely and ethically use organisms to measure:
« plant or animal responses
« physiological functions
AT |use microbiological aseptic techniques, including the use of agar plates and broth
AT |safely use instruments for dissection of an animal organ, or plant organ
ATk |use sampling techniques in fieldwork
AT1 |use ICT such as computer modelling, or data logger to collect data, or use software to

process data
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Apparatus and techniques

ATa | Use appropriate apparatus to record a range of measurements (o include mass, time,
volume of liquids and gases, temperature)
ATb | Use water bath or electric heater or sand bath for heating
ATc | Measure pH using pH charts, or pH meter, or pH probe on a data logger
ATd | Use laboratory apparatus for a variety of experimental techniques including:
« titration, using burette and pipette
« distillation and heating under reflux, including setting up glassware using retort stand
and clamps
« qualitative tests for ions and organic functional groups
« filtration, including use of fluted fitter paper, or filtration under reduced pressure
ATe | Use volumetric flask, including accurate technique for making up a standard solution
ATE Use acid-base indicators in titrations of weak/strong acids with weak/strong alkalis
ATg | Purify:
« asolid product by recrystallisation
« aliquid product, including use of separating funnel
ATh | Use melting point apparatus
AT Use thin-layer or paper chromatography
AT Set up electrochemical cells and measuring voltages
ATk | Safely and carefully handle solids and liquids, including corrosive, irritant, flammable and
toxic substances.
ATI Measure rates of reaction by at least two different methods, for example:

« an initial rate method such as a clock reaction
«a continuous monitoring method





image6.png
Apparatus and techniques

ATa use appropriate analogue apparatus to record a range of measurements (to include
length/distance, temperature, pressure, force, angles, volume) and to interpolate
between scale markings

ATb use appropriate digital instruments, including electrical multimeters, to obtain a range of
measurements (to include time, current, voltage, resistance, mass)

ATe use methods to increase accuracy of measurements, such s timing over multiple
oscillations, or use of fiducial marker, set square o plumb line

ATd use stopwatch or light gates for timing

ATe use calipers and micrometers for small distances, using digital or vernier scales

ATE correctly construct circuits from circuit diagrams using DC power supplies, cells, and a
range of circuit components, including those where polarity is important

ATg design, construct and check circuits using DC power supplies, cells, and a range of
circuit components

ATh use signal generator and oscilloscope, including volts/division and time-base

ATI generate and measure waves, using microphone and loudspeaker, or ripple tank, or
vibration transducer, or microwave / radio wave source

AT use laser or light source to investigate characteristics of light, including interference and
diffraction

ATk use ICT such as computer modelling, or data logger with a variety of sensors to collect
data, or use of software to process data

ATI use ionising radiation, including detectors
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4.2 Assessment objectives

Assessment objectives (AOs) are set by Ofqual and are the same across all AS and A-level Chemistry
specifications and all exam boards.

The exams will measure how students have achieved the following assessment objectives.
 AOT1: Demonstrate knowledge and understanding of scientific ideas, processes, techniques and
procedures.
« AO2: Apply knowledge and understanding of scientific ideas, processes, techniques and procedures:
« ina theoretical context
 ina practical context
« when handling qualitative data
« when handling quantitative data.
 AO3: Analyse, interpret and evaluate scientific information, ideas and evidence, including in relation
to issues, to:
« make judgements and reach conclusions
« develop and refine practical design and procedures.
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0]6].[3] The higher rate of transpiration at high tide shows that the mangrove tree is absorbing
waer fiom the sea waler surrounding is foots.

\
Describe an experiment that you could o to investigate whether the mangrove root

calle have a lowar water potential than soa watar. -

You are given:
= a piece of fresh mangrove root \
« sea waler

« acoess to laboratory equipment
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Mark in groups, either 1t0 4 OR 5to 8

1. Record mass/length before and after;

2. Place in sea water for (specified/equal) time;

3. Method to remove surface water;

4.Increase in mass/length shows water has been
absorbed by osmosis
OR
Increase in massflength shows cells have lower
water potential;

OR

Put tissue/cells on (microscope/glass) slide;
Add seawater (and leave)

Observe under (optical) microscope;

If cells become flaccid they do not have a lower
‘water potential than seawater

OR

(1f cells become) turgid cells show water is
absorbed by osmosis

OR

(1f cells become) turgid cells show cels have a
lower water potential

OR

(1f cells are) not flaccid/plasmolysis cells show
‘water is not lost by osmosis

OR

(Determine) percentage plasmolysis;

®Noo

(4x
AO3)

Accept ‘weight for
‘mass’.

Accept ‘diameter’ for
“length’.

2. Ignore period of
time

2. Accept seawater in
a dilution series
Ignore blot dry before.
initial mass.
measurement

Reject size’ once
then allow ECF.

3. Accept eg use
tissue paper to dry
OR biot dry

4. Accept

root/mangrove for
cells

8. Accept description
of turgid (cells)
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State how a buffer solution can be made from solutions of potassium hydroxide and
ethanoic acid.

Give an equation for the reaction between potassium hydroxide and ethanoic acid.
State how this buffer solution resists changes in pH when a small amount of acid is

added.
[3 marks]

How buffer solution s made _ MUX _equad aﬂﬁgg % ‘

e solwbion

Equation

. . "
KO« (Hy0d —> (0@ + 0

How buffer solution resists pH change wL\LV\ M aad. added,

W ceacks sifa (H3C00, forning nsie # €
OoH to ddssoak
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044

add excess ethanoic acid to KOH
or

add enough KOH to the ethanoic acid so that the acid is partially
neutralised

or

‘add enough KOH so that the acid contains a mixture of ethanoic acid
and ethanoate ions

KOH + CH;COOH ~ CH:COOK + H:0

CH{COO- (from salt) reacts with (added) acid/H*

allow KOH + CH:COOH — CHiCOO™K* + H:0

ignore equilibrium shifts
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‘ [072].[2] itcan be shown that N
wgl®
Mo 13-
e 2
Euwt ™| * |
where: - ¢ x5
I3 Y, — o SRR 1
L is the distance between the free end of the unl trip and the blocks:

\;,,( _~wis the width of the strip and is approximately™T cm ./~ (()

N, tis the thickness of the strip and is approximately 1 mm .~

" Eis the Young modulus of the steel.

e
A student is asked to determine £ using the arrangement shown in Figure 5 with the
following restrictions: o=

| « only one steel strip of approximate length 30 cm is available
« m must be made using a 50 g mass hanger and up to four additional 50 g
| slotted masses ol
| « the experimental procedure must involve only one independent variable
‘ « agraphical method must be used to get the result for £.

Explain what the student must do to determine £.
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022

valid strategy using apparatus in Figure 5:

¥ (as the dependent variable) measured (or wtte) for
different values of one independent variable (only L or m
are acceptable) 1v

identifies the correct control variable (besides w and 7) 2v

for 1v" must refer to variables only using the
symbols and/or terms given on page 8;

accept ‘weight’ / mg as independent variable

condone mock table as intent / y = ‘extension’

for ;v L = control variable if 72 = independent
variable OR = control variable if L =
independent variable;

if L is being varied and m =250 g is stated,
this can be taken as m = control variable and
therefore known;

take a similar approach if m is being varied
but in this case L must have a quoted value
that is <30 cm;

for more than one independent variable,
eg variation of both m and L 12%* but allow
ECF for 4 as long as plot is valid, eg y
against mL?

2xA01

suitable measuring instruments for L OR w OR 7 3v"

ANY ONE of the following (for more than one
response mark as LIST)

for L: use ruler;

for w: use (any type of vernier) callipers;
accept micrometer (screw gauge);

for #: use micrometer (screw gauge);
accept digital / electronic (vernier) callipers

AO1
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02.2
continued

analysis:
suggests valid plot 4v

identifies correctly how E can be found from a valid plot 5v*

for 4 plot must involve y [by itself or
combined with another factor] on one axis
and their independent variable [by itself or
combined with another factor] on the other
axis; do not insist on y as ordinate

for sv' E must be the subject; some examples

include:
ordinate | abscissa E=
4xPxg
v " wx® xgradient
. 4xL° xgradient
e ° wxt?
Axmx
v i 373
wxit xgradient
4xD mxg
¥y wxt3 gradien’
4xgxI®
logy|logm | —
Axmxg
logy logZ T3 <l gntercep

2xA03
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[0]4].[1] Explain why the reaction is fastest at the start.
[2 marks]
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04.1

M1

M2

Higher/est concentration of / more H202/ particles / molecules
| reactants

More frequent successful collisions

Alternative approach
M1 Lower/est concentration of / fewer particles

/ molecules / reactants as time goes on

M2 Less frequent successful collisions
(look for both ideas even if separated)
Ignore ‘chance’ / ‘probability’

1
(2 x AO1)
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[0141.[5] Figure 13 shows data obtained using the apparatus in Figure 12.
Figure 13

1.7\,“ o T
16 \ :
N

L5

log(V/ em?) 14t N :

-09 -08 -0.7 06
log(p/ MPa)

Explain why the gradient of the graph in Figure 13 confirms that the air obeys Boyle's
Py gt % Soe’
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04.5

gradient from A log(7/ em?) divided by A log(p / MPa);
evaluated to > 3 sf result between —1.05 and —1.01 1v*

relevant algebra enabling comparison with y = mx + ¢ 2v°

why gradient ~ =1 confirms Boyle’s Law 3v°

don't insist on large steps / read off accuracy

accept result that rounds to 3sf between —1.05
and —1.01: sign essential

for »v" (eg Boyle’s Law written as)
log 7 =—log p + constant

condone variation based on Ideal Gas Law in
which case must establish that (nR)T / (Nk)T is
constant (which then implies Boyle's Law)
(recognisable data book symbols only)

OR
(Figure 13 shows)
log ¥ = gradient X log p + constant;

accept (log) £, (log) ¢ etc as recognisable
symbols for the constant;

condone (any) numerical value given for the
constant eg 1015%;

accept m as recognisable symbol for the
gradient

for 3v" allow gradient is / equals / should be -1

if v not given accept ‘gradient
demonstrates inverse proportion or wtte

1xA02
2xA03
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[0731.75] Other students in the class followed the same method, but calculated different mitotic
indices.

Apart from student errors, suggest two explanations why.

1 Thoy prebohly e o dibeeut
Fw of Vitw |, whie mot o1 ) cdly g
ot ableh be viuad

2 by probebly snlema (sbnkd parts
od ok ol oy gw whe @l whita ih
A Bud s vinw givtn i M qusken an
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[2 marks]
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03.5

. (Garlic roots) are a different age

OR

(Garlic) grown in different conditions;

. (Root tips) from different (garlic)

plants/bulbs/species;

. Single field of view is not representative of a

root tip
OR

(Other) students may have looked at more
fields of view

OR

(Other) students may have calculated a
mean;

. (Different fields of view are from) different

parts of the root tip;

. Cells/roots undergo mitosis/cell division at

different times/rates;

2 max
(2x AO3)

. Accept suitable

descriptions of
conditions, eg in
different
temperatures

. Accept ‘samples’

for ‘fields of view’

. Reject different

sized fields of
view

. Reject different

number of cells
(per field of view)
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[0T47.[3] A student repeats the experiment using a steel rod of twice the length.
Explain: |

* how using the longer rod affects the waveform displayed
* any changes needed to get an accurate result for the speed.

You shouid include numerical detail. ‘
[4 marks]

\lﬁg_ %LNL\MW MM

wtnt A s Tolf pane flegs f\-qd.'-v\i,_‘
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01.3

quantitative effect on (contact) time v

quantitative effect on waveform v

waveform extends beyond screen / scale or wite 3v°

for 1+ expect ‘(contact) time is doubled’ / ‘600
ns'
for »v" expect ‘double the number of cycles

‘would be produced’ / ‘would require 12
divisions’;

accept ‘waveform extended horizontally x 2"
‘waveform is twice as long’ or wite;

condone ‘number of wave(length)s doubled’;

reject ‘trace is twice as long’ / ‘wavelength
doubled’ / ‘waveform stretched’;

allow ‘increased (contact) time so more

waves / longer waveform seen’ for 1ov" = 1
MAX

for 3v" consequences eg waveform could not
be (fully) displayed / would not fit;

only penalise ‘trace’ once

Max 2

2xA01

adjustment to time-base control 4v

t0 0.1 ms (div!) 5v°

for 4 allow (any) change time-base;
allow ‘time (per) div’;

condone ‘X-scale’

for sv CAO

2xA03
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A student compares the rates of hydrolysis of 1-chiorobutane, 1-bromobutane and
1-iodobutane.

The suggested method is:
« add equal volumes of the three halogenoalkanes to separate test tubes

« add equal volumes of aqueous silver nitrate to each test tube
« record the time taken for a precipitate to appear in each test tube.

State and explain the order in which precipitates appear.
[2 marks]

Order in which precipitates appear  BKMQAUBGR =N
brmadonsivenwtide  Silver {odide, silver bravide,
 fowervodebe  S.\vec cnloade -
Explanation _Re Couov® tiheir @riasdisant podor
feducing power decrears doumn e grovp.
So loding (n mMosk eaxniuy Oxidied fo
__fpann suwvesicdudlo
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03.7

Silver iodide then silver bromide then silver chloride

bond strength C-I < C-Br < C-CI

‘Allow yellow then cream then white
Allow iodide/Agl then bromide/AgBr then
chloride/AgCl

Allow iodo(butane) then bromo(butane) then
chloro(butane)

Ignore iodine then bromine then chiorine
Ignore incorrect formulae

Allow carbon-halogen bond strength decreases
down the group / from Clto |

1
(2xA03)
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[0T4].2] During the 48 hours, the coloured liquid moved to the left.

Explain why.
[3 marks]

Oxyoen toreM up 10 Unes o [Fnel AeUNON accpVer
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042

1. Oxygen/Q, taken up/used (by seeds);

2. Carbon dioxide/CO; (given out) is absorbed
by solution/potassium hydroxide/KOH;

3. Decrease in pressure/volume (of air inside);

3
(3xA02)

3. Ignore ‘negative
pressure’ but reject
reference to
vacuum.

3. Accept ‘air pressure
higher than inside’
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[0]4].[5] The student calculated that during the 48 hours, 6.2 x 10~ cm? of oxygen was

absorbed by 40 g of seeds.

Calculate the oxygen uptake in cm?g~' hour~!
6w

«g

11 mark]

om?g-" hour-!
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04.5

Answer in the range 3 x 10-to 3.33 x 107;

(AO2)

Accept equivalent
answers in this range
which are not in
standard form.

Accept 3.0 x 107

Ignore any numbers
after 3.33.
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[0T1].[2] The distance between L and R in Figure 1 i 5 0.870 m.
Deduce the speed of sound in the steel rod.
j0-§ waves [3 marks]

£A

be z Fx soxoég
3. Sx107 " seconols -

7]
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01.2

use of (transit distance) = 2 X 0.870 v

use of (contact time) = 6 + 0.2 major divisions x 50 X 10~
v
2

speed in range 5600 to 6000 (m s~') using valid speed
calculation 3v*

speed correct from valid calculation earns
123V

for v allow 1.74
for »v" allow POT error in time-base value;

allow 2.9, 3(.0) or 3.1 (x 10~*s) seen in
working

for 3v" no credit for ¢ = f X 1 approach;

speed in range 2800 to 3000 (m s™!) from
0870 award ;v'13v =2;

3107

speedin range 1120 to 1200 (m s™') from
valid calculation (using minor divisions) eg

2x0870
———— award 1v23v =2
535107 e

for speed = length of rod + (0.5 Xtime-base)
1V2%3%

valid calculation eg

no credit for speed = length of rod + time-
base

3xA02
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[0T9].[2] calculate a suitable mass of olive il to transfer to the volumetric flask using your
answer to Question 0.1 and the structure of Y.
Assume that the olive oil contains 85% of Y by mass.

(If you were unable to calculate the amount of bromine in the target titre, you should
assume it is 8.25%10* mol. This is not the correct amount.)

Gzt 05

B 2 [
MW#‘ rdle vam;ﬂ%u”b

t ey — [5 marks]
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09.2

Ratio Y :bromine
M1 1:5

M2nY in 25 cm? oil 5x10%

= 75x10%
5
If no ratio must state n Y for M2

M3nYin 250 cm® = M2 x 10 = (1.5 x 10-%)
M4 Mass = M3 x 880 = (1.32g)

M5 Total mass oil needed = M4 x ®gs = 1.55 g

Alternative calc using supplied answer

nYin 25cm?®oil = 6.25x 10 = 1.25 x 10~
5

nYin 250 cm? = 1.25 x 10 x 10 = (1.25 x 109
Mass = 1.25 x 10-2 x 880 = (1.1g)
Total mass oil needed = 1.1 x "®/ss = 1.29g

If wrong ratio used treat as AE and mark ECF

M1

M2

M3

M5
(3xA02,
2xA03)
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8.3.1 Independent thinking

PS1.1

Practical skill
Solve problems set in practical contexts

PS1.2

Apply scientific knowledge to practical contexts

8.3.2 Use and application of scientific methods and practices

Practical skill

PS 2.1 Comment on experimental design and evaluate scientific methods

PS22 Present data in appropriate ways

PS23 Evaluate results and draw conclusions with reference to measurement
uncertainties and erors

PS2.4 Identify variables including those that must be controlled

8.3.3 Numeracy and the application of mathematical concepts in a

practical context

Practical skill

PS3.1 Plot and interpret graphs

PS32 Process and analyse data using appropriate mathematical skills as exemplified in
the mathematical appendix for each science

PS33 Consider margins of error, accuracy and precision of data

8.3.4 Instruments and equipment

PS4.1

Practical skill

Know and understand how to use a wide range of experimental and practical
instruments, equipment and techniques appropriate to the knowledge and
understanding included in the specification
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8.4.2 Criteria for the assessment of practical competency in A-level
Biology, Chemistry and Physics

Competency Practical mastery

In order to be awarded a Pass a student must, by
the end of the practical science assessment,
consistently and routinely meet the criteria in
respect of each competency listed below. A
student may demonstrate the competencies in
any practical activity undertaken as part of that
assessment throughout the course of study.

Students may undertake practical activities in
groups. However, the evidence generated by
each student must demonstrate that he or she
independently meets the criteria outiined below in
respect of each competency. Such evidence

+ (a) will comprise both the student's
performance during each practical activity
and his or her contemporaneous record of
the work that he or she has undertaken
during that activity, and

+ (b) must include evidence of independent
application of investigative approaches and
‘methods to practical work.

1. Follows written procedures (a) Correctly follows written instructions to carry
out experimental techniques or procedures.

2. Applies investigative approaches and (a) Correctly uses appropriate instrumentation,

methods when using instruments and apparatus and materials (including ICT) to carry

equipment out investigative activities, experimental
techniques and procedures with minimal
assistance or prompting.

(b) Carries out techniques or procedures
methodically, in sequence and in combination,
identifying practical issues and making
adjustments where necessary.

(c) Identifies and controls significant quantitative
variables where applicable, and plans
approaches to take account of variables that
cannot readily be controlled.

(d) Selects appropriate equipment and

measurement strategies in order to ensure
suitably accurate results.
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AQA

Realising potential




