
 BTEC Unit 3  (year 13) 

A Planning Investigations 

1. Developing hypothesis.  

Hypotheses are made as a starting point for an investigation. 

A hypothesis is a prediction (often an assumption based on current knowledge and evidence) of 

what you expect to see in your results. A null hypothesis is a prediction (where you might not expect 

to find a particular trend or pattern) which states that any recorded/observed differences between 

two or more data sets is due to chance. A null hypothesis is tested by analysing results statistically. If 

the null hypothesis is rejected, this indicates that there is a statistically significant difference (which 

can be explored/explained with science and a hypothesis).  

In planning a hypothesis is always written in the form. ‘as you increase the independent variable, 

then the dependent variable increases/decreases’ It must then have a comment about the science 

which links to the context you are given to gain more marks. 

2. Selecting equipment, techniques and standard procedures.  

Accuracy – the accuracy of equipment is dependent upon the percentage error. This can be 

calculated using the following formula:  % error = absolute error x 100 

                                                                                         measurement 

Absolute error is an accuracy equal to +/- half of the smallest unit marked on the scale of the 

measuring device. (A ruler measuring only in 1cm intervals is less accurate than a ruler measuring in 

1mm intervals – 1cm = 0.5cm or 5mm is absolute error, 1mm = 0.5mm is absolute error)  

When planning - For higher marks all equipment must be named stating what it’s for (this can be in 

the method or as a list). Resolution should be acknowledged too. If you want 1g of solid you can 

state 1.00g measured with a balance. 

Boiling tubes are used for 30- 80cm3, test tubes 5-30 cm3.  

Beakers are used for 80cm3 or more. 

Use a stirring rod for things that need mixing. 

Filtering uses a filter funnel and filter paper. 

If you need to filter or collect liquid use a conical flask to collect in. 

Scales or balance are used to measure masses. Include 0.01g resolution. A spatula is used to move 

solids. 

Volume of liquids can be measured with measuring cylinder or pipettes or syringes. Thicker liquids 

should be measured using measuring cylinders or syringes. If you measure 5cm3, use a 5cm3 

measuring cylinder. If you measure 25cm3, use a 25cm3 measuring cylinder to introduce better 

accuracy. Resolution is usually 1cm3. Smaller volumes than 5cm3 can measured using syringes. 

Resolution is usually 0.1 or 0.2cm3 

Any water based liquid or water should be measured using glass pipettes to improve accuracy. 

Resolution can be 0.01cm3 so it can be over 10x more accurate. 

Concentrations are measured in mol/dm3 (or M). Don’t put different volumes down as a change in 

concentration. Enzyme solutions or mineral solutions for growth can be measured as a % dilution of 

a 1 mol/dm3 concentration stock solution. 

Rulers are used for measuring lengths. Calipers can be used to measure high resolution length. 

Stopwatches are used to measure time. 



Quadrats are used for field sampling. 

Ammeters or multimeters are used to measure Current in Amps to 0.01A 

Voltmeters or multimeters are used to measure Voltage in Volts to 0.01V 

Multimeters are also used to measure resistance in Ohms to 0.01Ω 

Basic things needed for circuits. Cells or Power pack to provide energy. Wires complete circuits, 

unusual components can be connected using crocodile clips to the wire. Power pack can be set and 

current varied using a Variable resister. 

Other specific electrical components list is later. 

 

 

3. Health and safety.  

Must include chemicals as well as other risks. Should always be a quick table or hazard, risk and 

action to minimise risk. 

Hazard – something that has the potential to cause harm. Risk – the level of harm that could be 

caused by a hazard, AND, the chances of it happening (this depends on the method). Risk 

assessment – identifying hazards, describing the risk, describing precautions. 

 

4. Variables.  

Independent – The variable chanced by the scientist  

Dependent – The variable affected/changed by the independent variable and the variable measured. 

Control – The variables which need to be kept constant as they would others impact on the 

dependent variable 

There will also be variables which will inevitably have an impact on the dependent variable and 

which can’t be easily controlled.  

In planning without an independent variable to test only low scores can be given. The variable that is 

hardest to control with have the most effect on accuracy. The variable with the highest % error will 

have a big effect on accuracy. 

 

5. Method for data collection.  

The method must lead to data being collected. 

Methods should always be step by step and include equipment with resolutions. Always check 

liquids have a volume and a concentration. Always check solids have a mass value.  

Check for an independent variable with a range, a dependent variable that has a specific 

measurement (e.g. plant growth is not a variable – plant height in mm is) and finally check for 

repeats to calculate a mean. 

 

  



B Data Collection and Analysis 

1. Collection of quantitative and qualitative data  

Taking measurements – it is important to know how the dependent variable is going to be measured 

(the equipment), where it’s going to be recorded (in a results table) and what range/intervals are to 

be taken. 

Accuracy – the accuracy of results depends on the equipment/technique used to record/observe 

them. You need to use equipment correctly to get accurate results – i.e. reading volumetric values 

from the bottom of the meniscus and at eye level. Reliability and Anomalous results – the reliability 

of data collection depends on taking repeat readings for each independent variable interval. If two 

readings are the same they are reliable. If they are not the same, a third (repeat) reading is needed. 

A result which does not lie consistently with the rest is an anomaly (an anomalous result) which can 

be discarded/ignored. The results that are consistent can be used to make a reliable mean/average. 

Qualitative data – Observations are often qualitative (descriptive) and give categorical data (where 

there is a set amount of possible outcomes). Quantitative data – Measurements/readings/recordings 

are quantitative (numerical) and give continuous or discrete data (where there is no set amount of 

possible outcomes). 

Tabulating data – tables are used to record: 1. Raw data (both qualitative and quantitative data can 

be recorded in tables but must be in separate tables if collected together in one experiment). 2. 

Processed data (quantitative data that has been mathematically/statistically manipulated. 

Example of table  

Yeast 
(enzyme) 
conc 
(mg/cm3) 

Time taken to collect 30cm3 of oxygen (s)  

Repeat 1 Repeat 2 Repeat 3 Mean time 
taken (s) 

5 33 33 32 33 

9 24 26 25 25 
14 17 20 16 18 

18 13 13 15 14 

23 12 11 12 12 
28 11 11 13 12 

This table has units at the top, same decimal places, mean average. 

2. Processing data including statistical analysis and graphs skills 

LINE GRAPHS – for continuous data in the independent variable 

•Label BOTH axes with the quantity being measured and the (units).  

• Spread the data points on a graph as far as possible without using scales that are difficult to deal 

with, such as multiples of 3, 7, 11 etc.  

• Consider the maximum and minimum values of each variable.  

• 0.0 does not have to be included as a data point (though in this example it could have been 

included if you had tested to show that without yeast, no oxygen is produced - i.e. if you had 

included a control in your experiment).  

• The plots should cover at least half of the grid supplied for the graph.  

• Plot data points carefully and accurately using a X  

• Join points carefully using a curve, line of best fit using a sharp pencil. (occasionally a straight ilne) 

• For lines of best fit there should be as many points on one side of the line as the other. Often the 

line should pass through, or very close to, the majority of plotted points. 



BAR GRAPHS – for discrete/categorical data in the independent variable 

Also have • Plot data points carefully and accurately using a ruler for a straight horizontal line for 

each bar • Don’t shade in the bars 

Calculations with results/data need to be done including:  

1. Percentage –  

(Value/Total) X100 - eg: 37/100 on a test = 37%  

2. Percentage change –  

Difference x 100 - eg: 78/100 on next test so (37-78) / 78 X100 = 110.81% increases  

Original  

3. Mean - All values added together / number of values - 37, 42, 45, 35, 40 (added together = 199) 

(divided by 5 for number of values) = 39.8  

4. Standard deviation - ‘The spread of data about the mean’. - Gives an indication of how spread out 

the results are 

 

S = standard deviation  

∑ = Sum of – 

x = one data/result value – 

x = mean/average  

n = sample size  

• Subtract each number by the mean  

• square each result  

• Add up all these values  

• Divide by one less than the sample number  

• Square root this number to get the final answer of Standard Deviation  

A larger number means a spread out low bell curve 

A smaller number means a close range of date 

 

5. Standard error - Errors bars of standard deviation can be applied (± plus and minus) to the mean 

on a graph  

 

6. Chi-squared test - Determines if there is a significant difference between expected/predicted 

results and observed/actual recorded results. 

 

• Subtract expected from observed data 

• Square each result 



• Divide each result by expected  

• Add all these values together  

• Compare this value of X2 to a ‘Critical value’ in order to determine if there is a significant 

difference between expected and observed results or whether any differences are just due 

to chance. (use the degrees of freedom n-1) 

If your result is bigger than the critical value you reject your null hypothesis (there is a big difference 

between expected and observed.) 

If your result is smaller than the critical value you accept your null hypothesis. (there is no significant 

statistical difference) 

 

7. t-test, correlation analysis - Determines if there is a significant difference between different 

samples of data (unmatched pairs / unpaired data) which have been collected from separate 

experiments. - Uses mean/average with standard deviation in standard error calculation: 

 

The value of t-test is also compared to a ‘Critical value’ 

8. Use of formula and conversion of units - You may be given formula which you then need to use 

and apply to a given question - Many formula are related to Physics topics (i.e. calculating electrical 

and mechanical power) - You may be asked to calculate rate of reaction (especially for the Biology 

enzymes topic) Rate is calculated as 1/time (sec-1 ) or amount produced/time taken (example units 

could be cm3 /min-1 )  

9. Standard form - You may be asked to demonstrate your answers to mathematical equations in 

standard form. - i.e. For decimals: 0.0005 = 5X10-4 - i.e. For large numbers: 600000 = 6X105  

10. Converting between units - You may be asked to convert between standard units (SI units) - i.e. 

1mm = 1,000µm 

 

  



C Conclusions and Evaluation 

1. Interpretation of data to draw conclusions 

Describing data/result trends  

You will be asked to describe trends in your own results and/or the results given to you by another 

experiment. For this you must look at the data in your results table and/or graph and describe any 

relationships shown.  

Possible relationships using continuous data include:  

• Positive correlation: where an increase in the independent variable causes an increase in the 

dependent variable  

• Negative correlation: where an increase in the independent variable causes a decrease in 

the dependent variable  

• Plateau: where an increase in the independent variable causes no increase or decrease in 

the dependent variable (there is no change).  

You can comment on the strength of the correlation by referring to where the data points are in 

relation to the line of best fit (i.e. lots of points close to the line of best fit gives a strong correlation) 

When describing relationships with discrete/categorical data, you will need to assess the data given 

– try grouping results that are similar against those that are different.  

 

Comparing primary and secondary data  

Primary data = your data  

Secondary data = someone else’s data  

You may be asked to compare primary data and secondary data - Similarities - Differences You may 

be asked to use data (primary or secondary) to predict an untested result.  

 

Drawing valid conclusions using data 

After carrying out statistical tests (standard deviation and standard error, X2 and t-test), you may be 

asked to make some valid conclusions about differences between data – i.e. determine whether any 

differences in results are statistically significant (which can therefore be explained scientifically) or 

whether any differences in results are just due to chance/random error.  

Answering a null hypothesis with standard deviation/standard error: When comparing averages 

between data sets, standard deviation or standard errors can be applied to give error bars on a bar 

chart. If error bars between two data sets overlap, there is no significant difference between them, 

any differences in the average are due to chance – null hypothesis can be accepted. If error bars 

between two data sets don’t overlap, there is a significant difference between them – null 

hypothesis can be rejected.  

 

A farmer saw these results and concluded that he should replace his pigs’ usual food with food B. 

but error bars for B mean show that B is not significantly different from control as  A and B error bars 

overlap - So B is not significantly better than A  



2. Evaluation to determine and improve reliability 

Evaluations consist of several areas:  

Errors: Mistakes in carrying out method (human error).  

Inherent percentage error in the equipment (systemic error).  

Anomalous results: An explanation of how anomalies occurred. A description of how future 

anomalies can be avoided (carrying out repeats and calculating averages).  

Improvements/Alternatives: Modifications which would improve the reliability, accuracy or precision 

of results. Modifications which would reduce/remove errors and anomalies.  

Extensions: Additional experiments/steps in method which would give more data. Could expand on 

the range and/or intervals of the current independent variable. Could change the independent 

variable (swop one of the control variables to make a new independent variable).  



D Enzymes in action 

1. Enzyme structure 

Enzymes act as biological catalysts and speed reactions in the body. 
Each enzyme is specific to one reaction. 
Reaction takes place on the active site of the enzyme. 
Digestive enzymes examples are carbohydrase, amylase, protease, lipase. 
Carbohydrases break down carbohydrates into sugars, (amylase specifically starch to glucose), Used 
for respiration. These are all catabolic reactions (breaking of molecule). 
Protease breaks down proteins into amino acids used in cell growth and repair. 
Lipase breaks down lipds into fatty acids and glycerol used to provide and energy store and in 

making cell membranes, hormones and our nervous system.   

These are all catabolic reactions (breaking of molecule). Anabolic reactions bring smaller molecules 

together to make larger molecules. 

Substrate is the name for the molecule that will be acted on.  

Enzymes are large 3D molecules that are made of protein  

  

   

Amino acids (monomer) with amino group and carboxyl group, join together to make proteins 

(polymer) using a dipeptide link and form a complex tertiary structure held together by Hydrogen 

bonding, Disulphide bonding and Van der Waals forces. 

 

  
2. Enzymes as biological catalysts 

Rate of reaction is affected by collision theory. The more collisions of molecules that can happen , 

the faster the rate of reaction 

Enzymes act as catalyst, lowering the activation energy of a biological reaction. 

Lock and key mechanism shows the formation of a substrate-enzyme complex 

  

Enzymes active sites are matched to their substrate so if you increase the concentration of substrate 

it will change the rate at which the substrate joins to the catalyst. 

Scientists measure rate at the start of reaction before any factors, e,g, substrate concentration have 

had time to change.   

 

3. Factors affecting enzyme activity  

Rate = 1/time 

A steep graph shows a fast rate, a shallow graph shows a slow rate. 

Factors affecting rate with be substrate concentration, enzyme concentration, temp and pH. 



Increase of substrate conc increases enzyme activity, increase rate but 

it limited by enzyme concentration 

Increase of enzyme conc increases enzyme activity, increase rate but it 

limited by substrate concentration 

 

 Temperature of the body is 37oC so most enzymes will have an 

optimum activity at this temperature. Low temperatures will lead to 

inactivity, increased temps will lead to increased rate until the optimum 

after which the enzyme denatures (changes shape so it doesn’t fit the 

substrate.) 

 

 pH is different in different parts of the body. The mouth is about 7, the 

stomach is about 3, the intestine is slightly alkaline. Enzymes will have 

an optimum at which they work. Lower pH than optimum or higher pH 

than optimum leads to lower enzyme activity but doesn’t automatically 

lead to a denatured enzyme. Extreme pH’s will denature enzymes, 

breaking Hydrogen bonds. 

All practical plans will test one of these factors. 

e.g. practicals 

https://www.youtube.com/watch?v=nlnSInGuHCw 

https://www.youtube.com/watch?v=nlnSInGuHCw (first 8mins) 

https://www.youtube.com/watch?v=rABpkD42Ap4 

https://www.youtube.com/watch?v=4a-HmGpyoxw 

https://www.youtube.com/watch?v=HGwfi36UhNo 

https://www.youtube.com/watch?v=8Yqbu56ImXk 

https://hudsonalpha.org/enzyme-science-experiment-at-home/ 

for each one – identify all variables. 
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F Plants and their environment 

Key terms 

Population – number of individuals in species 

Niche – the habitat of a species and how it interacts with its environment and other species 

Biotic factors (living factors, disease, humans, predators, prey) 

Abiotic factors (non-living factors light, water, wind, minerals) 

Random sampling – used to estimate population size in an area 

Transect – used to measure a changing population along a line due to a changing factor 

Quadrat, open or gridded frame used as area to count species (our school ones are 0.5m x 0.5m = 

0.25m2) 

Point frame – vertical frame with 10 metal spikes (or 10 lengths of string hanging) used to estimate 

frequency of a species (count where the spike touches the floor) 

 

1. Factors affecting plant growth 

Human effects – trampling.  
Soil pH and aeration. pH of soil varies and different plants will grow in different soils. Extreme pH’s 
will damage root growth. Acid rain (usually in built up areas or near factories) can lead to acidic soils 
Aeration is important because oxygen is needed: 

• Respiration 

• Microorganisms  
• Plants absorb water and nutrients 

• Prevent toxins forming  
• Prevent plants from diseases 

Mineral ions are used in cell growth.  

  

Mineral ion  Effect of deficiency of this ion 

Calcium Tissues become soft and 
plant begins to wilt 

Magnesium Essential part of chlorophyll 

Iron Leaves become bleached, causing 
deficiency in chlorophyll, 
reducing photosynthesis.  

Potassium Leaves loose colour and may curl 

Nitrate  Plants become short and spindly 
and deficient in chlorophyll 

Phosphate  Grow slowly, stunted plants 

Sulfate  Veins go reddish in colour, causes 
deficiency in chlorophyll.  

 

Soil pH and presence of minerals can be altered by using fertilisers. 7 is neutral, 1-6 is acid, 7-14 is 
alkali. 
Light intensity (measured using a LUX meter) can compare shaded and unshaded areas. Light is 
needed for photosynthesis so more light = more photosynthesis = more plant growth 

Temperature. (measured using a thermometer). A small increase in heat can increase rate of 
photosynthesis but high heat will reduce uptake of water and reduce photosynthesis. Extreme heat 
will damage chloroplasts and stop photosynthesis. 



Presence of water – moisture and rainfall. Water is needed for photosynthesis. Increased water = 
increased photosynthesis = increased plant growth. 

• Moisture in the air is absorbed by the leaves of a plant for photosynthesis  
• Water in the soil is taken up by the roots, this collects in the leaves for photosynthesis 

• Water is also important as it dissolves minerals in the soil, so that they can be taken up by 
the roots.  
• If soil becomes water logged, it can cause the roots to rot and kill the plant. 
• Plants can loose water by transpiration (this water needs replacing)  

 

Photosysnthesis 6CO2 + 6H2O → C6H12O6 + 6O2. 
 

2. Sampling techniques and sizes 

random sampling reduces bias – if the area is split into a grid – a computer (or numbers out of a 
hat!) can produce a random lists of points to sample. 
When you use a transect you create a line along the change of factor (e.g. from under the tress to in 
the open or from the shore inland) and sample usings a quadrat every 2m. 
When you want to estimate population over a large area or compare 2 areas use random sampling 
and count species in quadrats. The size of the whole area is needed so the sampled mean average 
population can be scaled up to represent the whole area. There are no anomalies in this – you will 
expect different results being affected by different factors across a large area, so all results are used 
in the calculations. 
A large enough sample size is needed to reduce errors (30% is a good sample size) 
When unable to investigate factors outside fast growing seeds (like cress/mustard) are used to 
investigate factors on germination or on seedlings growth. 
 

e.g. practicals 

https://www.youtube.com/watch?v=dIiTZyZlJOo 

https://www.youtube.com/watch?v=ITr6rf5Z9ao 

https://www.youtube.com/watch?v=zVeg5R2UGHs 

https://www.youtube.com/watch?v=RhMOCxXcDrQ 

https://www.youtube.com/watch?v=Z_pF12C6LQs&t=75s 

https://www.youtube.com/watch?v=PiiaILa5D9I&t=12s 

https://www.youtube.com/watch?v=id0aO_OdFwA 
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H Electrical Circuits   1. Use of electrical symbols 

                                

                   

 

 

 

   

  

 

 

 

 

  

series 

parallel 

Light dependent diode – higher 

light – lower resistnace 
Diode only allows current 

through one way and 

there is a threshold  

voltage before current 

flows 

Directly proportional V and I 

normal or ohmic resistor 

Lamp allows current through both ways 

, current increasing with voltage until 

resistance slows down current 



Series rules Current in series is always the same.  Voltage is the sum of individual voltages resistance 

is sum of individual resistances. 

Parallel rules Voltage is the same on each main branch (more than one component in a branch is 

treated like a mini series circuit) . Current is the sum of each branch current. Resistance is just 

smaller than the smallest branch. 

Series Resistance is dependent on material type , thickness of wire, length of wire and temperature. 

The effect of length of a wire on resistance can be understood by looking at the atomic structure. 

Resistance is caused but electrons colliding with metal ions. When the length of the wire is 

increased, the electrons have further to travel, so the chance of collisions will increase, increasing 

resistance.  

 

2.Equations 

Ohms Law  - Voltage = Current x Resistance     V = I x R 

Power = Voltage x Current        P = V x I 

Power = Energy                              P = E 

                Time          t 

Energy in Joules  is sometimes represented in kW/h – look at what units are used in the question 

 

 

3. Energy usage 

 A fuse is a piece of wire between two contacts which is put into a circuit in series with an 

appliance.  The wire in the fuse melts if the current in the circuit exceeds what is required to safely 

run the appliance. 

The rating on the fuse is always higher than the normal current that the appliance uses (e.g. 3A, 5A, 

13A). 

An electric kettle is used on the normal household 230 V mains supply. The kettle is rated at 2.7kW. 

The current that the kettle would normally use has to be calculated. 

Power = Current X Voltage 

Power/p.d. = Current 

2.7 kW = 2700 W 

Current =  2700/230 

           =11.7 A 

As the kettle normally takes 11.7 A from the mains supply, the fuse used must be rated higher than 

this. 

The fuse must not melt and break the circuit when the kettle is working normally. 

 

The fuse wire melts when the current exceeds the rating value and then breaks the circuit. This 

prevents appliances burning out and causing fires due to high currents flowing through the circuit. 

Fuses are available as 1A, 2A, 3A, 5A, 7A, 10A and 13A. 

Those most commonly used are 3A, 5A and 13A. 

Circuit breakers are electromagnetic devices which break a circuit when the current gets too high. 

Circuit breakers can be reset. When a fuse ‘blows’, it has to be replaced. 

Circuit breakers work faster than fuses. They therefore protect the appliance and prevent electric 

shock when there is a short circuit to the casing of an appliance. 



e.g. practicals 

https://www.youtube.com/watch?v=m_3JrA-sDEg 

https://www.youtube.com/watch?v=2JvatsWcGmA 

https://www.youtube.com/watch?v=ni_CMRbwkBM 

https://www.youtube.com/watch?v=51mSWRfAsAw 

https://www.youtube.com/watch?v=w7iHl5QNQ2U&list=PLEgTEswuSSm2-j3lk7r81FqM0TOds45KB 

https://www.youtube.com/watch?v=A1SyKvdHoqY 

https://www.youtube.com/watch?v=ksPfzUjMbBk 

https://www.youtube.com/watch?v=UjGgQE_rmFE 
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