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Introduction  

 

Section 1 - Physics 

 
This examination originally tested the skills of learners in using a given 

method (Part A) to set up an investigation and then processing the results 

obtained. Part B Section 1 used questions to test processing, analysis and 

interpretation of data either from the investigation or from related topics. 

Section 2 was in this series a Biology topic which covered planning an 

investigation and evaluation of results. 

 

As it was not possible for learners to carry out investigations due to 

government restrictions and reduced time available during the pandemic, 

Part A of the examination was changed. The Part A in the January 2021 series 

gave a method for an investigation with a circuit diagram, a pictorial 

representation of the apparatus and results. Learners were given Part A to 

study and make notes for 45 minutes before starting Part B.  Part B Section 

1 started with the same two questions as on previous papers, but learners 

were given a set of results to put into a table, the results were processed to 

produce a graph. 

 
 

Introduction to the Overall Performance of the Unit 
 

Learners adjusted well to the difference in format but still found it difficult to 

produce a properly organised table of results from which a graph could be 

plotted. Learners usually showed working for calculations and were often 

able to successfully rearrange an equation. Giving limitations of the method 

and suggesting improvements proved to be challenging but learners were 

generally able to describe at least two of the requirements needed to test 

reproducibility. 
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Introduction  
 

Section 2 - Biology 

 
Section 2 of this paper consists of two questions which are taken from a 

different scientific discipline to the questions in Section 1. 

In this paper, Section 2 is based on the Biology that is indicated in section D: 

enzymes in action of the essential content of Unit 3, focussing on D3 Factors 

that can affect enzyme activity. The questions are designed to test two parts 

of the specified content for the examination these being section A ‘Planning 

a scientific Investigation’ and section C ‘Drawing conclusions and evaluating’. 

 

Introduction to the Overall Performance of the Unit 

 
Question 4 tests the ability of the learner to plan a scientific investigation. 

This includes the development of a hypothesis, the selection and justification 

of equipment, techniques and standard procedures, health and safety and 

methods of data collection including, quantities to be measured, number and 

range of measurements to be taken, how the equipment is to be used, 

control variables and a brief method for data collection and analysis. 

Unfortunately, the majority of the learners did not seem familiar with the 

practical and designed their plan to use iodine as an indicator similar to 

Universal Indicator or phenolphthalein where a colour change could be 

observed over time. However learners were able to give independent and 

dependant variables and justification of their selected equipment and so 

marks could be awarded holistically for the response and practical 

knowledge could be credited. 

 

Question 5 gives a description of the method, results and conclusion of an 

investigation and tests the ability of learners to use this information to make 

recommendations to improve the method, determine possible sources of 

error, consider the reliability or otherwise of data and evaluate the 

conclusions given with respect to the results given for the investigation. Most 

learners commented on the lack of detail in the given method and gave 

sensible suggestions to improve the repeatability and reliability of the 

experiment. Most learners commented on the need for repeats. Some 

suggested that the result at pH 2 could have been anomalous and suggested 

repeating this reading. Fewer learners questioned the accuracy of the 

conclusion and those that did suggested investigating values between pH 1 

and 3 to find a more accurate optimum. The vast majority of learners were 
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able to attempt this question, suggesting an improvement with time 

management throughout the paper, as previously a number of scripts did not 

include a response to Q5. 

 

Individual Questions 
 

Physics 

 
Q1a  

An acceptable form of the table is shown below. 

 

 
 

However, there are several ways of completing the table which would still 

gain 3 marks, one of these is shown below. 

 

 
 

The following tables only gained two marks. The first because the averages 

of the current were given to three decimal places. As the results are to two 

decimal places the averages should also be to two decimal places. The 

second table because there is no overall heading of current or a unit of 

current. The inclusion of the unit of voltage after each reading, but not in the 

heading for the column is acceptable. 
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Q1b  
For the graph a scale should be chosen so that plotted points cover more 

than half the grid both horizontally and vertically. An example of a graph that 

gained 3 marks is shown below. This shows a suitable scale with the axes 

labelled with quantities and units, correctly plotted points with the current 

taken to two decimal places and a curve of best fit which shows an even 

spread of points on either side of the curve. The second graph also gains 3 

marks as the scale is correct and there are correct axes labelled and units. 

The plots are also correct when three decimal places are used for the 

average. The learner has assumed the graph should pass through the origin, 

which is ignored and then drawn the best straight line through the points, 

with the points evenly distributed about the line. 
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Q1c  
The majority of learners could describe the trend of the line drawn on the 

graph which would gain a mark. However, it should be noted that for the 

curve the gradient changes or that the current increases at a decreasing rate 

or the change is non-linear to give the second mark. If the learner showed a 

straight line as the graph, then it should be noted that the gradient is constant 

to gain the second mark. Below are two examples of responses that gained 

2 marks for describing the curve. 
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Q1d  
Almost all learners were able to identify that the lamp got brighter during the 

investigation. 

 

Q1e  
Most learners were able to identify one control variable and a significant 

proportion identified the lamp, ammeter or power supply to gain both marks. 

 

Q1f  
Many learners were able to identify the independent variable as the voltage output 

and the dependent variable as the current through the lamp. 

 

Q1g  
Only a few learners were able to gain two marks for the answer to this question. 

Learners were generally not able to identify that the switch being open leaves a 

gap in the circuit and therefore there is no current in the circuit. However, many 

learners did give the expansion point that this prevents overheating of apparatus 

in the circuit. Below is an example of response that gained two marks. 

 

 

 

Q2ai   
A significant number of learners were unable to draw a voltmeter placed in parallel 

with the resistor in the circuit.  Either due to not recognising the circuit symbol for 

a fixed resistor or not knowing how to show a voltmeter in parallel in a circuit 

diagram. A correct response is shown below. 
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Q2aii  
Most learners were able to predict the potential difference to complete the table 

and found it to be 3.08 V. 

 

Q2aiii  
The relationship between current and potential difference was described as ‘the 

potential difference increases as the current increases’ or ‘current and potential 

difference are proportional’ by many learners and this gained one mark. This 

needed to be extended to gain the second mark as for example ‘the increase is 

constant’ or for both marks ‘the potential difference increases by 0.44 V for every 

increase in current of 0.2 A’. Two marks were also given for stating that the 

relationship is directly proportional. This can be seen as current and potential 

difference are proportional and both start at zero. Below are two examples of 

responses that gained two marks. 
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Q2aiv  
Most learners showed their working but were not able to gain both marks for this 

calculation because they did not select the correct potential difference from the 

table. An example with the correct evaluation is shown below. 

 

 
 
 

Q2bi 
Many learners were not able to suggest that the most likely reason for a systematic 

error in a meter was that it was either not calibrated, wrongly calibrated or that 

there was a zero error. 
 

Q2bii   
A considerable number of learners were not able to calculate a percentage error 

in the meter reading correctly and even using the correct values. There were many 

power of ten errors in the final evaluation. Below is an example of a correct 

calculation. 
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Q2ci   
For this calculation the equation was given but milliamps had to be changed to 

amps and the equation had to be rearranged to find the voltage.  Most learners 

showed their working so marks could be awarded for correct substitution even if 

the units had not been changed. The most common mark was 3 out of 4 because 

learners had substituted, rearranged the equation correctly, but not converted 

milliamps to amps, giving a power of ten error. Below is an example of a correct 

calculation that gained four marks. 
 

 
 
 
 

Q2cii   
For this calculation again the equation was given, and it did not require units to be 

changed. Many learners were able to gain one mark for correct substitution and if 

only the rearrangement was incorrect and the evaluation from that point was 

correct two marks were given. Below is an example of a correct calculation that 

gained three marks. 
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Q3   
All the parts of this question refer back to the investigation which was detailed in 

Part A of the paper. 

 

Q3a  
Learners were generally able to give one strength of the method. This was usually 

that repeats were taken or occasionally that there was a good range of voltage 

outputs or the use of a circuit diagram was included. Below is an example of a 

learner response that gained two marks. 

 

 
Q3b  
The majority of learners were only able to gain one mark for this question giving 

the limitation as ‘the readings were only taken to 12 V’ or ‘the readings were only 

taken every 2V’ but learners did not continue and give the possible improvement. 

The example below shows a learner response which gained four marks. 

 

 

Q3b    
Many learners were able to gain a mark for knowing that to test for reproducibility 

the experiment must be carried out by another person and then the results 

compared, but were less familiar with the idea that the same method must be used 

or a different set of apparatus. The response below gives all the main points in the 

mark scheme and gains three marks. 
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 To improve their mark on Section 1 Part 1 of this paper learners should: 
 

• practice completing a table to show quantities, units and averages to the same 

number of decimal places as the raw data 

• practice putting scales on graph paper to ensure, the points plotted cover at least 

half of the graph paper vertically and horizontally 

• practice drawing curves of best fit 

• learn how to completely describe relationship between two quantities on a graph 

or in a table 

• learn the symbols used in circuit diagrams and how to put meters in parallel and 

series. 

• learn to calculate percentage errors 

• learn the possible causes of systematic and random errors 

• learn how to convert units e.g. milliamps to amps 

• practice rearranging equations 
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Individual Questions 

 

Section 2 - Biology 
 

Question 4 
This was a 12 mark extended open response question. 

 

This question required the learners to write a plan with a hypothesis, 

equipment, health and safety, method, variables and data analysis.  The vast 

majority were able to provide a plan with all the required sections, but the 

responses are taken holistically. For example, the control variables can be 

included in the step by step method and so do not necessarily have to be 

listed separately. 

 
Learners were generally able to give a basic hypothesis, the majority 

identifying that the rate of reaction would increase with increasing 

temperature, very few references to the optimum temperature or 

denaturation were seen unless part of a band 4 response. Stronger learners 

included details of higher energy levels and higher temperatures, more 

successful collisions, more enzyme substrate complexes, denaturation of the 

enzyme at higher temperatures. 

 

Where an equipment list was present, the majority of learners were able to 

justify use. It was evident that the majority of learners had not had the 

opportunity to experience this practical, or similar, and so the majority of the 

responses implied that iodine could be used as an indicator and a colour 

change would be observed, similar to Universal Indictor for pH, rather than 

describing the need to take samples of the enzyme-substrate mixture at 

intervals for testing. 

 

Most candidates gave a method which mixed amylase and starch before 

heating (iodine was commonly added here as well). Several responses were 

seen where learners had mixed only two of these and were looking for a 

colour change. Very few used a spotting tile to test samples from the 

enzyme/substrate mixture. A large number of learners were timing until the 

iodine turned blue/black. Leaners provided a range of methods to describe 

the breakdown of starch which included different foods with carbohydrates 

present, i.e. potatoes. In this this case learners would often get a bit confused 

and also change the concentration/size of the starch as well as the 

temperature. The majority used Bunsen burners instead of water baths to 

obtain a temperature higher than room temperature. The majority used the 
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Bunsen to directly heat test tubes containing enzyme, or substrate, or iodine, 

or all three. 

 

Most of the learners provided a brief risk assessment to the practical, some 

including generic and non-relevant risks such as electric shock. Better 

answers tended to have health and safety in a table format with details of 

hazard, risk and precaution. Most were able to discuss care when using hot 

water and Iodine. 

 

The majority of learners, including the weaker students, were able to 

correctly state the variables involved, but a few mentioned controlling the 

temperature as a control variable not realising that this was the IV. 

 

Despite being unfamiliar with the expected method, the vast majority made 

an attempt finishing with doing repeats of the method and at different 

temperatures. Most learners had a table with room for repeats and an 

average and those that drew a graph drew an ‘n-shape’ graph. 

 

In spite of the lack of knowledge of the expected method, a lot of learners 

were still able to produce a well-presented plan. 
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Level 1: 3 marks 

 
The learner has given the very basic hypothesis without reference to 

optimum or the ideas of denaturing at high temperatures. They have given 

an equipment list, but without justification. Health and safety are brief and 

there is a list of quantities to measure without specific details. The range of 

temperatures has been given. The method is brief with major omissions - as 

iodine is not included and so the end point would not be determined. An 

incorrect control variable has been given - as temperature is the independent 

variable.  

 

Overall, this is a level 1 response, with 3 marks awarded. 
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Level 2: 6 marks 

 
The learner has followed the bullet points given in the question- and may 

have ran out of time or space with their response as it does start well but 

does not include a method for data collection. However, the level descriptors 

in the mark scheme have several bullet points and so the response should 

be considered holistically. The learner could frame their response in a 

number of ways - including diagrams - and marks can be awarded - they do 

not have to follow the bullet points in the question - i.e. we may have to look 

for details in their method for number and range of measurements or 

consider a list of measurements as detail about their step by step method. 

Here the learner has provided a hypothesis and does hint at the knowledge 

of an optimum.' A range of temperatures to cover and equipment to be used 

has been given. The justification of the equipment and how the equipment 

may be used provides some insight into the plan that would yield some 

results - the independent variable, a suggestion of a control variable, 3 

repeats, calculating an average, use of iodine and the importance of 

controlling some variables ("could affect the results") can be seen in the 

response. 

 

Therefore, this is a 6 mark response. 
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Level 3: 9 marks 

 
The learner has given an incomplete hypothesis - there is no reference to 

optimum. Suggestions of volumes have been given which indicates the 

investigation could be repeatable and is a description of parts of their 

method. The learner has given health and safety information for their 

practical. The learner has given a logical method that is likely to yield results 

- but with some errors/omissions- this is a level 3 step by step method. The 

amylase, starch and iodine have been mixed together and then the learner is 

timing for the colour change, but they have said they will wait for the 

blue/black colour and so are unclear about iodine. Learners would not be 

expected to know that the iodine would affect the enzyme action and so we 

are not "penalising" their response for this idea - they are using the iodine as 

an indicator. The learner has given correct variables, indicated a range of 

temperatures ("increase the temperature of the water bath by 10oC") and 

indicated that there will be 3 repeats, with a mean calculated and anomalies 

considered. Overall, 9 marks can be awarded. 
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Level 4: 11 marks 

 
The learner has supported their hypothesis with scientific understanding - 

this is a level 4 feature. The equipment list gives some justification of the use 

and some details of temperatures and volumes. The method also included 

details, covering a range of temperatures, in a logical sequence and could 

lead to a set of results being collected. The only "omission" really is to wait 

for a colour change in the whole enzyme-substrate mixture, rather than 

taking samples and testing with iodine at time intervals. It seems this practical 

has not been completed this year by the learners and so iodine is being used 

as an indicator - we are not heavily penalising this idea. The learner has 

indicated that they will carry out repeats and analyse their data with a results 

table and expected graph (which further supports their understanding in the 

hypothesis). The variables are given and correct, and safety is considered. 

This is a good level 4 style response and 11 marks have been awarded. 
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Question 5 
This was an 8 mark extended open response question. The experiment 

referred to in the question investigated the effect of pH on enzyme reaction. 

 

The majority of learners were able to identify at least some of the problems 

in the method. The most commonly highlighted points observed were the 

lack of stated volumes in regard to the buffer/enzyme/substrate and the 

absence of a stopwatch. However, some learners were able to link these to 

the flaws in the conclusion. Higher level learners were able to discuss 

intervals between pH 1-2 and refer to specific pieces of equipment e.g. 

pipettes and even using indicator to show that the substrate had broken 

down. Some learners discussed the lack of a hypothesis, variables and health 

and safety procedures. Only a small number referred to the fact that the 

enzyme and substrate had not been identified. 

 

Many learners identified the need for repeat readings, and some discussed 

the idea of repeatability would be difficult due to the lack of detail in the 

method. Many learners were able to identify the need for repeat readings to 

get an average and ignore any anomalies. A common response was to 

suggest that a line of best fit should have been drawn on the graph- which 

for this data is incorrect as a dot to dot line should be used. A significant 

number of learners suggested that a results table should have been included 

as it was difficult to get an accurate reading. 

 

Learners who scored well on this question generally referred to the optimum 

pH being between 1-3 and went on to state that more readings were needed 

around these pH values – poorer responses tended to want to extend the pH 

range beyond 5. Learners commonly stated that the given conclusion was 

correct as that was the lowest time in the graph. A few learners stated that 

pH2 was anomalous as it didn’t match the “linear” hypothesis. 

 

Considering this was the last question there were few ‘blank’ answers, 

suggesting that time management has improved since the previous series in 

which several learners had left this question blank. 
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Level 1: 2 marks 

 
The learner starts well giving a brief evaluation of the method. They state that 

the method lacks the detail of "how much" pH buffer solution, substrate and 

enzyme is added. They also highlight that the method doesn’t tell us how to 

determine when all the substrate is broken down. After this the response 

becomes generic and vague. The lack of title isn't really an evaluation of the 

graph as the labelled axes indicate what the graph represents. The fact that 

the conclusion doesn't contain an explanation is also insufficient to be fully 

creditworthy. Therefore, overall, this is a level 1 response with 2 marks 

awarded. 
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Level 3: 6 Marks  

 
The learner has provided relevant comments about the method, results and 

conclusion. However, some key points have been missed about the 

conclusion. The learner has stated that the method doesn't specify "how 

much" (i.e. volumes) buffer, substrate of enzyme are used. They have 

commented that the method is brief and lacks detail, such as using a stop 

clock. The learners comment about checking every minute which could mean 

that they miss the time the substrate has been broken down, is a good 

evaluation point about this method. The learner implies that the results are 

accurate as there is a relationship between pH and time taken to break down. 

The learner has also suggested that to make the results more reliable they 

should be repeated. Overall, this can be awarded 6 marks. 
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Level 3: 8 marks 

 
The learner has given a number of points about the method - they have 

talked about time intervals and calibration to check the pH. They have 

included reference to volumes. They have suggested that the experiment 

should be repeated to calculate an average. A description of getting a more 

precise conclusion by using pH1.5 and 2.5 is given. They have used the graph 

to support the conclusion and so have missed some points from the 

indicative mark scheme that there is little difference between pH 1 and 2 - 

but not all points need to be covered for maximum marks to be given. Each 

response should be considered against the levels in the mark scheme and 

this is an 8 mark response. 
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Summary 
 
To improve their mark for this section of Unit 3 learners should: 

 

Question 4 

 
• Establish the correct hypothesis from the information in the question and 

where possible support the hypothesis with scientific knowledge 

• State when the investigation has minimal risks or give a detailed risk 

assessment 

• Give a step by step method that would produce valid results 

• Consider the repeatability of the investigation by including detail such as 

volumes, temperatures. This would also indicate the control variables which 

are being considered 

• State if repeats would be needed and why repeats can be useful, for 

example highlighting anomalous results, which would then be discarded for 

the mean or repeated 

• Give suggestions for data analysis - such as calculating means, plotting a 

graph, any statistically analysis that could be carried out 

 

 

Question 5 

 
• Comment on any positives or good practice given in the method or evident 

in the results 

• Note if the investigation is looking for a trend or specific results 

• Consider the information any graph, table or diagram provides as well as 

the text 

• Look to see if the results could be extended if there is correlation or if 

smaller increments of the independent variable would enable an optimum 

to be found 

• Evaluate the conclusion which is given - by stating if they think the 

conclusion is correct, incorrect or partially supported 

 

 
The specification and/or sample assessment materials (SAMs) located 

on the BTEC Nationals qualification webpage located here. 

 

  

https://qualifications.pearson.com/en/qualifications/btec-nationals/applied-science-2016.coursematerials.html#filterQuery=category:Pearson-UK:Category%2FSpecification-and-sample-assessments
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