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Practical skills assessment in
relation to AO1

AO1 practical questions require students to show understanding of scientific techniques, skills, apparatus and materials and awareness of safety aspects. For example:
· describe procedures stated in the specification
· identify types of variable in a required practical
· identify a zero error from an image with a reading
· draw or label common practical apparatus correctly.

AO1 examples from 2022 assessments
Here are a couple of examples from the summer 2022 Combined Science papers; first clearly in context of required practical – osmosis.

The second one, although the context is not necessarily one students know, use of a quadrat is one of the RPAs (Field studies).

Both were questions that students struggled to answer well.

Example 1: 2022 Combined Science Synergy 1F Question 10.1
[image: ]
[image: ]
Example 2: 2022 Combined Science Trilogy Biology 2F Question 2.1
[image: ]
Practical skills assessment in relation to AO2

Practical skills are very likely to be assessed in the context of a practical students haven’t seen before – it may be something totally new, or a variant on what they may have done in a required practical. They need to use the skills and understanding they should have gained by doing practical work to do the things that are listed here.

Students need to use the skills and understanding they have gained doing practical work to, for example:
· identify control variables in an unfamiliar practical where the variables are given in the question
· identify dependent and independent variables in an unfamiliar practical
· make a prediction or a hypothesis based on information in the specification
· take readings from scales on apparatus
· use diagrams to communicate experimental methods
· plot graphs and carry out calculations.



AO2 examples from 2022 assessments

Example 3: 2022 Combined Science Trilogy Biology 2F Question 2.4

[image: ]

Same context as Example 2. Very low demand understanding of the variables, which are given in the method. It’s likely to be an unfamiliar context. Students need to identify that the number of buttercups is the dependent variable.

Example 4: 2022 Combined Science Trilogy Chemistry 1F Question 5.1
[image: ]
The chemistry example is asking students to predict what they would see in this reaction; one they might not have done in a practical session. NB they have to prepare a salt but not necessarily this one.

Example 5: 2022 Combined Science Synergy 4F Question 10.1
[image: ]
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A few marks in each series test ability to read a scale; many students do struggle if the scale is not given in an obvious way eg like this one. They can usually manage to read something like a thermometer, but as soon as something slightly unusual appears they are unable to do to; taking readings on a burette also seem to cause problems.

Practical skills assessment in relation to AO3

Practical skills are very likely to be assessed in the context of a practical students haven’t seen before – it may be something totally new, or a variant on what they may have done in a required practical.  They need to use the skills and understanding they should have gained by doing practical work to do the things that are listed here.

· In the context of AO3 questions will take an analytical form such as suggesting limitations of a particular method. 
· Students will also be expected to be able to adapt, modify and enhance experimental procedures, but not to develop their own procedures.
· ‘Experimental procedures’ encompasses but is broader than the core practical activities.
· For example:
· identify control variables in an unfamiliar practical
· identify anomalous results
· give reasons for anomalous results
· identify specific sources of error
· consider the validity of methods in justifying conclusions
· design/plan a practical procedure to test an idea, answer a question or solve a problem for a non-required practical.

AO3 examples from 2022 assessments

Example 6: 2022 Combined Science Trilogy Biology 2F Question 2.7

[image: ]
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Students need to look at the method given and suggest improvements; unfamiliar practical.



Example 7: 2022 Combined Science Synergy 4F Question 10.2
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This question is based in the context of a rate of reaction practical, but asking for understanding of why an error might be caused.



Example 8: 2022 Combined Science Synergy 2H Question 5.3
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Testing understanding why a particular method is not valid.

Example 9: 2022 Combined Science Synergy 4F Question 5.3
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Suggesting a method to solve a problem. 


Example 10: 2022 Combined Science Synergy 4F Question 4.3 and 4.4
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Understanding about anomalous results and plotting lines of best fit.

[image: ]
This question is about being able to identify the type of error that causes an anomalous result.



What is Brandon’s Matrix?
  A simplified 2 × 2 matrix based on two questions:
· Are we testing a hypothesis, or making observations and measuring parameters?
· Are we changing (manipulating) variables, or not?
[image: ]

The importance of the matrix is that it challenges the traditional linear model of the scientific method in the science curriculum. A fairly typical depiction in school of how science is done involves the so-called ‘scientific method’, which is described as a process through which scientists produce robust evidence by applying procedures such as experimentation and observation. According to this model, scientists begin with a question they want to answer. They then design an experiment and, by carefully tracing independent and dependent variables, they produce findings that help them answer the question. However, such a stepwise and linear description of the scientific method is simplistic and hardly a realistic representation of how scientists actually do science. Rather, scientists engage in a wide array of methods some of which include hypothesis testing, and some other approaches including those where there is no manipulation of variables (Erduran & Dagher, 2014).

A contemporary example about Brandon’s matrix involves the Covid-19 pandemic (Erduran, Childs & Baird, 2020). Scientists collect data on how the virus might be influencing a patient’s breathing over a period of time. Such observation is simply based on the recording of parameters where there is no manipulation of variables in the sense of an experimental design. Sometimes the data might be subjected to hypothesis testing about the correlation between incubation period and extent of lung disease, but without an experiment resulting in non-manipulative hypothesis testing. Scientists may conduct randomised control trials in which a drug could be treated as a variable in interventions that also include control groups to test the placebo effect. All of these different approaches are used in science, and there is no one single method but rather a diversity of scientific methods.

Extracted from the Project Calibrate website Project Information | Project Calibrate (ox.ac.uk)Erduran, S. Dagher, Z. R. (2014) Reconceptualizing the Nature of Science for Science Education: Scientific Knowledge, Practices and Other Family Categories, Springer Netherlands
Erduran, S., Childs, A. & Baird, J. A. (2020). Practical science and pandemics [Blog post]. Retrieved from https://www.bera.ac.uk/blog/practical-science-and-pandemics, April 20th.
Applying Brandon’s Matrix to Required Practicals

Biology RPA7
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Chemistry RPA3
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Physics RPA3
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Contact us

Our friendly team will be happy to support you between 8am and 5pm, Monday to Friday.

Tel: 01483 477 756
Email: gcsescience@aqa.org.uk  alevelscience@aqa.org.uk
Twitter: @AQA

aqa.org.uk
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Students investigated the effect of different concentrations of salt solution on the
mass of pieces of potato.

This is the method used

1. Cut three pieces of potato, each with a mass of 2.00

2. Place the pieces of potato into a salt solution with a concentration of 0.2 molidm?
3. After 30 minutes, measure the mass of each piece of potato

4. Calculate the change in mass.

5. Repeat steps 1 to 4 for five other concentrations of salt solution.
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-[T] Give two control variables the students should have used in the investigation.

Do not refer to mass or time in your answer.
[2 marks]
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[Tz

On a school field:
« one area of the soil was usually wet
« another area of the soil was usually dry.

Students investigated the effect of water in the soil on the number of buttercup plants.
growing in each area.

On the field the students marked out:

« anarea of 10 mby 10 m on the wet soil

« anarea of 10 mby 10 m on the dry soil

Describe how a quadrat can be used to measure the size of the buttercup population
on the wet soil area
[4 marks]
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[0]2].[a] Complete the sentence.

Choose the answer from the box.
11 mark]

acontrol the dependent the independent

In this investigation the number of buttercups in each quadrat was

variable.
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‘This question is about salts.

‘Green copper carbonate and sulfuric acid can be used to produce
blue copper sulfate crystals.

Excess copper carbonate is added to sulfuric acid.

Give three observations you would make.

[3 marks]
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Figure 22

Conical flask

Hydrochloric adid

Magnesium
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.[1] What volume of hydrogen gas has been collected in the measuring cylinder
in Figure 227
[1 mark]

Volume = em?
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In a laboratory another group of students investigated the effect of soil acidity on the
growth of beans.

This is the method used.
1.Put soil with a neutral pH in two large boxes.

2.Add acid to the soilin one box.

3. Plant some bean seeds in each box

4.Water the seeds over 3 weeks.

5. After 3 weeks, measure the height of the bean plants in each box

6. Calculate the mean height of bean plants in each box.
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Give two improvements the students could make to the method to give:
more valid resuits.
[2 marks]
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Magnesium reacts with hydrochloric acid

A student investigated the effect of changing the hydrochloric acid concentration o
the rate of this reaction.

Figure 22 shows the apparatus.

Conical flask

Hydrochloric adid

Magnesium

Figure 22

Measuring cylinder

Stopper,

This is the method used.

1

Add 50 cm? of hydrochloric acid to the conical flask.
Add a3 cm strip of magnesium to the hydrochioric acid in the conical flask
Fit the stopper and delivery tube to the top of the conical flask and start timing

Record the volume of hydrogen gas collected in the measuring cylinder
‘every 20 seconds for a total of 100 seconds.

Repeat steps 1 to 4 with a different concentration of hydrochloric acid.
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-[2] The stopper and delivery tube were fitted to the conical flask in step 3.

Explain why the time taken to fit the stopper and delivery tube may cause an error in
this investigation.
[2 marks]
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The student placed insect traps in the ground in field A and in field B.

The insect traps were used to estimate the total number of insects in each field.

Figure 7 shows the position of the insect traps in each field

Figure 7
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Figure 8 shows the insect trap the student used.

Figure 8

Two stones to
hold lid up

Plastic cup
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This is the method used

1. Place the insect traps in the fields as shown in Figure 7 and Figure 8.
2. Leave for 12 hours.

3. Count the number of insects of each species in each trap.

4. Repeat every 2 days for 6 days.
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[0T5]-[3] The method for estimating the total number of insects i field A and field B
may not give valid result.

Suggest two reasons why
[2 marks]
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[0T5].[3] Sugar solution X and sugar solution Y have different concentrations.
A student investigated which solution had the higher concentration.

The student evaporated sugar solution at a temperature of 40 °C unti only
sugar remained

Figure 13 shows the equipment used

Figure 13

dish oylinder

Plan a method to show If sugar solution X or sugar solution Y has the
higher concentration.
[6 marks]
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Figure 11 shows the line of best fit drawn by each student.

Figure 11
StudentA Student B
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[3] Explain why student B's line of best fitis correct.
[2 marks]




image20.jpg
[4] What type of error will have caused the point at 2 V to be above the line of best fit?
[1 mark]
Tick (+) one box.

A random error

A systematic error

Azero error
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Changing variables

Manipulative hypothesis testing

Testing a hypothesis by changing
independent and dependent variables.

Testing a
hypothesis

Not changing variables

Non-manipulative hypothesis testing

Testing a hypothesis via a situation that
can't be manipulated.

Manipulative description or parameter
measurement

Investigation to measure the effects of
changing conditions or variables on
outcome(s).

Making
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Non-manipulative description or
parameter measurement

Explaining, observing, classifying,
categorising, tracking, measuring.
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Plan and carry out an investigation into the effect of a factor on human reaction
time.

In this practical you will:
« decide which factor you want to investigate that will have an effect on human reaction time

« work with a partner to use the ruler drop test
« use your results to calculate your reaction time before and after you made the change.

Apparatus

« ametre ruler

« achair

« atable

« any further equipment needed depending on the factor you are changing.
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Method for standard human reaction time test

1. Work with a partner to do this test. Choose who will be person 1 and who will be person 2.

2. Each of you should use your dominant hand to do this experiment. If you are right handed then
your dominant hand is your right hand.

3. Person 1 sits down on the chair, with good upright posture and eyes looking across the room.

4. Person 1 puts the forearm of their dominant arm across the table with their hand overhanging
the edge.

5. Person 2 holds a ruler vertically with the bottom end (the end with the 0 cm mark) in between
person s thumb and first finger. They wil tell person 1 to prepare to catch the ruler.

Person 2

6. Person 1 catches the ruler with their thumb and first finger as quickly as possible when it drops.
7. Record the number on the ruler that is level with the top of person 1's thumb.
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8. Have a short rest, then repeat the test several times.
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9. Record your results on a table.

Drop test
attempt

Ruler measurements in cm

Reaction times in seconds

Person
1
Before

Person
2
Before

Person
1
Before

Person
2
Before

Person
1
After

~

w

9

10

10. Repeat the test with Person 2 catching the ruler and Person 1 dropping it.

11. Record Person 2's results on the table.
12. Use a conversion table to convert your ruler measurements into reaction times.

13. Make the change that you are investigating to change human reaction time.

14. Repeat steps 1-0 for each person and record the results in your data table.
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Investigate what happens when two different agueous solutions are electrolysed
using inert electrodes.

In this practical you will:

« use alow voltage power supply and carbon rod electrodes to pass a current through two
different salt solutions.

« identify the element formed at the positive and negative electrodes for each solution.

« add extra detail to the basic electrochemical diagram provided.

Apparatus .
copper(ll) chioride solution
sodium chioride solution

100 cm® beaker

petri dish lid

two carbon rod electrodes

two crocodile / 4 mm plug leads
low voltage power supply

blue ltmus paper

forceps.

Method
1. Pour approximately 50cm® copper (1) chioride solution into the beaker.

2. Add the petri dish lid and insert the carbon rods through the holes. The rods must not touch
each other.

3. Attach crocodile leads to the rods. Connect the rods to the dc (red and black) terminals of a
low voltage power supply.
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Anode —

 Cathode

Copper(il
chloride solution

4. Select 4 V on the power supply and switch on.
Look at both electrodes and record your initial observations in the table below.

6. Use forceps to hold a piece of biue litmus paper in the solution next to the anode (positive.
electrode) and identify the element?

Write all your observations in a table like this one.

Positive electrode (anode) Negative electrode (cathode)
Solution Eroment Etomont
5 mer . ment
Observations | “M | state | Observations | - *"T | State
Copper
(1
chloride
Sodium
chloride

Care - switch off the power supply after 5 minutes.
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7. Rinse the electrochemical cell apparattis and collect a new set of electrodes.

Repeat steps 1-8 using the other solution sodium chloride and complete the following tasks to
show your understanding of the chemistry of electrolysis.
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Resistance

Factors that affect the resistance of electrical circuits:

length of a wire at constant temperature
combination of resistors in series and parallel.

In this practical you will:
Activity 1:

set up a circuit which can measure the potential difference and current across a wire at
different lengths along the wire

calculate the resistance for different lengths of wire and state the relationship between
resistance and length.
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Activity 1: How does the length of the wire affect the resistance at a constant temperature?

Apparatus

a battery or suitable power supply

‘ammeter -
voltmeter

crocodile clips

resistance wire attached to a metre ruler

connecting leads.
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Method
1. Use the circuit diagram to set up and connect the circuit.

. Ruler
Resistance wire

2. Connect a lead from the negative side of the ammeter to the crocodile clip at the zero end of
the ruler. Connect a lead from the other crocodile clip to the negative side of the battery. Use
this lead as a switch to disconnect the battery between readings.

3. Decide the interval distance (eg 10cm) you willinvestigate and connect the first distance to be
tested between crocodile clips A and B.

4. Measure the readings on the voltmeter and ammeter at this distance.
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5. Record your results in a table like this:

Length of wire Potential difference | Current Resistance
incm in volts inamps in ohms

10

6. Move crocodile clip B and record the readings for the different lengths of wire eg 20cm, 30cm
etc.

7. Calculate the resistance for each length of wire using the equation:

potential difference in V

resistance in @ = -
currentin A

8. Plota graph of resistance against length of wire.

9. You should be able to draw a straight line of best it although it may not go through the origin.
Why might this be the case? .

What type of relationship is there between resistance and length?
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