
Course Introduction
Section 1











Course materials:

• https://www.ocr.org.uk/qualifications/as-and-a-level/biology-a-h020-
h420-from-2015/assessment/

• Use this link to become familiar with the style of exam question and 
expected level of answer, by looking at sample assessment materials 
and also candidate exemplars.

https://www.ocr.org.uk/qualifications/as-and-a-level/biology-a-h020-h420-from-2015/assessment/
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Scientific process

Scientific process is all about:

• Asking questions, usually based on observations; how or why does 
something happen?

• Suggesting answers by forming a theory or modal to explain the 
observation. A predication or hypothesis, i.e. a specific testable 
statement, is then made.

• Testing the hypothesis to gather evidence support or disprove the 
theory. 



After testing:

• Once a theory has been tested and evidence to support it has been 
gathered, the report is peer reviewed. This means other scientists in the 
same field look over the report to give their opinions on whether or not 
they feel the conclusions reached are justified. 

• Once peer reviewed, the report is published in a scientific journal.



After publication:

• Despite peer reviewing, sometimes conclusions drawn are not correct.

• For a theory to be accepted in society as “fact”, there needs to be lots of 
evidence. 

• For this to be the case, many scientists have to reproduce the same 
findings. 

• This is done by scientists repeating the same exact experiments and also 
potentially coming up with more testable theories. 



How society uses science

• Many scientific discoveries benefit humankind and the results are used to 
make important decisions, e.g. when devising policies or individuals to make 
informed decisions such as what to eat or whether to recycle.

• When making decisions, other factors are also considered:

• Economic factors: cost of research, cost of development of new drugs, 
cost of implementing changes.

• social factors: how peoples lives are affected, how much should be free 
choice, e.g. should smoking and drinking alcohol be banned?

• Environmental factors: we need to consider whether or not we are 
exploiting natural resources and whether or not we are being sustainable.



Module 1: Development of 
practical skills
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A good experiment

Careful planning and implementation will give you results that are:

• Precise: results do not stray from the mean very much, i.e. small range bars.

• Repeatable and reproducible: repeatable means if you repeated the experiment, 
you would get the same/ similar results. Reproducible means if somebody else 
repeated the experiment (even with sight adjustments) they would get the same/ 
similar results. 

• Valid: valid results answer the question- all other variable need to be controlled 
for this to be the case. 

• Accurate: accurate results are those which are true.

These terms cannot be used interchangeably. 



• To achieve this, you must ensure that there is only one 
independent variable, i.e. you are changing only one 
thing. 

• You should be measuring the independents affect on 
another factor; the dependent variable.

• All other factors/ variables should be kept constant –
your control variables. 

• Negative controls should be used – these check it is your 
independent variable that is causing a change in your 
dependent variable.

• Experiments should be repeated 3 times and a mean 
should then be calculated.

• This reduces the effect of random error and makes 
results more precise.

• If repeats are similar to one another, data collected is 
repeatable and is more likely to be reproducible. 

Example: investigating 
effect of light intensity on 
rate of photosynthesis in 
Elodea sp.

• IV: light intensity.

• DV: rate of 
photosynthesis.

• CVs: pH, temperature, 
time pondweed is lift in 
the water.

• Negative control:
experiment carried out in 
the dark as a control.



Apparatus, equipment and techniques

• What are you going to measure? How often are you going to measure it?

• Apparatus and equipment needs to be appropriate for the function and also 
sufficiently sensitive. 

• Techniques used should be the most appropriate for the test being carried out. 

• Once you have identified which apparatus to use and which techniques are best, 
these then need to be used and applied correctly. Examples:
• Reading a pipette or measuring cylinder at eye level.
• Allowing time for substances to acclimatise when in a water bath.

• You also need to ensure the units you are using are appropriate- seconds is often 
better to use than minutes for time as it is easier to work with when processing 
results rather than needing to convert lots of units.



Risk assessments

• Identify all the potential dangers, e.g. hazardous chemicals, naked flames, 
microbes.

• Identify who is at risk.

• Suggest what can be done to reduce the risk, e.g. wearing gloves or 
working in a fume cupboard.

• Ethical issues should also be considered, for example, when working with 
animals, they should be treated respectfully.



Processing and presenting 
data
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Recording data
Tables

• Ensure columns and rows have headings.

• Units should be included in headings 
only – not within the body of the table. 

• If you have any anomalous results 
(repeat results that do not fit the general 
trend) they should be ignored in your 
processing.

• Ideally, you should investigate these and 
look to find out why you have this result, 
e.g. something was measured wrongly. 

Graphs

• Graphs make interpreting data easier.

• Qualitative data or discrete data 
should be in a bar chart or pie chart. 

• Continuous data should be in either a 
histogram or a line graph. 

• When plotting one set of data against 
another, a scatter graph should be 
used. 



Using your data

• By the end of the course, you will need to be able to use statistical tests to 
analyse data. 

• For this course you need to be familiar with a number of statistical tests, 
the main ones being:

• Chi squared – Chapter 20

• T-test  - Chapter 10 

• Spearman’s rank – Chapter 10

• The following 4 slides takes you through the basics of how to use statistical 
test data once calculated.



Null hypothesis

• The null hypothesis is the one which states there is no statistically 
significant:

• Difference in means ( t tests)

• Correlation (Spearman’s rank)

• Difference between observed and expected (Chi squared)



What is the probability level/ p value?

• The probability level is chosen by the scientist; it tells you the percentage 
of the result being due to pure chance.

• P= 0.05 means that there is 5% probability the result is due to chance. 
There is a 95% probability that it is “real”.

• P = 0.01 means that there is only a 1% probability the result is due to 
chance. There is a 99% probability that it is “real”.

• Usually P= 0.05 is used by convention but for something like medical 
research, P=0.01 or even 0.001 is used.



What is the critical value?

• Different statistical tests have different tables of critical values that you 
use to compare with your result. 

• They use either degrees of freedom or n as well as giving values for 
different levels of probability.

• n is the sample size (or data pairs when looking at Spearman’s rank)

• Degrees of freedom is usually n-1 

• When looking at Chi squared, n is the number of phenotypes being 
looked at. 

• when looking at 2 sets of data (like in t tests) it is (n1 + n2) -2 where n1 
is the sample size of group 1 and n2 is the sample size of group 2.



How do statistical results relate to p values and 
critical values?

• Chi squared – if calculated value is greater than the critical value (P= 0.05) 
then we can reject the null hypothesis and conclude that there is a 
statistically significant difference in expected and observed values. 

• T-test  - if value is greater than the critical value (P=0.05) then we can 
reject the null hypothesis and concluded that the means of the two 
samples are statistically significantly different.

• Spearman’s rank – if value is greater than the critical value (p=0.05) then 
we can reject the null hypothesis and conclude that there is a statistically 
significant correlation. 



Remember these important maths skills:

Significant figures: if unsure, give answer to lowest number of sig figs used in the calculation.
✓ Example:
✓ 1.2 (2sf) / 1.85 (3sf) = 0.648648648 . . . = 0.65 (2sf)

Standard form: changing large or small numbers into more manageable ones. You do this by moving 
the decimal point left or right. The number of places it moves is represented by a power of 10.

• Example: 16500 → 1.65 X104

• Example: 0.000362 → 3.62 X 10-4

• Logarithms: you need to be able to produce and read one of these
• Example: on a log 20 scale, each value is ten times larger than the value before so 1-2-3-4 is actually 10 -100-

1000 – 10000.

• Finding a gradient: 
• Linear graph: change in y/ change in x
• Curved graph: draw a tangent then do change in y/ change in x.
• If unsure, see next slide.





Drawing conclusions & 
evaluating
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Conclusions

• Conclusions need to be valid, i.e. answer the question being posed.

• Often they can be drawn from looking at the relationship between 2 
variables to see if a correlation exists.

• A correlation does not tell you cause – it could exists due to chance or due 
to a third variable.

• If one variable does cause a change in the other, this is called a causal 
relationship.

• A causal relationship can only be concluded if every other variable is 
controlled in an investigation. 



Minimising errors

• Results from an experiment will not be prefect; there will be a degree of 
uncertainty.

• Uncertainty is the amount of error your measurements might have.

• Example: is a balance measure to the nearest 0.01g, your uncertainty is 
0.005g as the actual amount might be 0.005g above or below the value 
shown on the balance. 

• To minimise errors in measurements, you should always use the most 
sensitive equipment available.



Evaluations

In an evaluation, you need to assess the following about your experiment and data 
collected:

• Repeatability: were enough repeats taken?

• Reproducibility: were results similar to others who completed the same 
experiment (published or in class)?

• Validity: did the data collected answer the question being asked? How well did 
you control the control variables?

• Precision: were range bars small or large?

• Limitations: should data have been collected more often? 

• Sources of error: could you have used for sensitive apparatus?


