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M3.1 – Translate information between graphical, numerical and algebraic forms
Tutorials
Learners may be tested on their ability to:
understand that data may be presented in a number of formats and be able to use these data, e.g. dissociation curves. 
Translating information
You need to be able to represent numerical data as a graph, and you need to be able to do the reverse: read numerical data from a graph.
Translate from numerical to graphical – drawing a graph.
Representing numerical data as a graph simply means ‘drawing graphs’. You’ve been doing this in science and maths lessons for years. Refer to M1.3 for a reminder of the different types of graphs and when to use them. The OCR Practical Skills Handbook also has useful information about how to present data in graphical form. The key point always is to think about what you are trying to communicate and draw your graph in the way that makes this clearest to whoever will be seeing it.
Translate from graphical to numerical – reading data from a graph.
When looking at a graph you need to be able to pick any value along the x axis (or any bar if it is a bar chart) and accurately identify the corresponding value on the y axis. And the other way round – for a value on the y axis you should be able to identify and report the corresponding value (or values – there could be more than one!) on the x axis. This is a simple-seeming skill but it takes care to get it right every time. It’s all too easy to make ‘silly’ mistakes by misreading the scale.
When describing graphical data you need to make sure you refer to both the x axis and y axis variables, using co-ordinates if possible. In addition you need to accurately describe the relationship between the variables using data from the graph.
· Refer to x and y axis variables
· Use coordinates if possible
· Describe the relationship between the variables
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For example, here are oxygen dissociation curves for myoglobin and haemoglobin.
[image: oxygen dissociation curves_from f224 june 2010 paper_fig2]
You could be asked to find the percentage saturation of oxygen at a particular partial pressure, compare oxygen dissociation curves for different proteins or species, or to consider how the dissociation curve changes at different concentrations of carbon dioxide (the Bohr effect). 
For example, when describing the features of the myoglobin curve you could describe the steep gradient in the middle part of the curve by saying: 
“At pO2 between 1 and 3kPa the percentage saturation of haemoglobin increases rapidly as pO2 increases”.
This statement clearly refers to both the x axis and y axis variables and accurately describes the relationship using data from the graph.
Translate from graphical to algebraic and back.
You also need to be able to identify some relationships between variables and either use graphs to show the relationship, or describe the relationship when you are shown it as a graph.
This will become a lot clearer when we look at a couple of examples but first let’s look at the (short!) list of relationships you need to deal with.


1. Nothing is changing
A graph showing a horizontal straight line parallel to the x-axis shows that the variable plotted on the y-axis is independent of the variable plotted on the x-axis. Or, in other words, the value of the variable y is always the same (constant) no matter what the value of the variable x.


2. Linear growing (or shrinking!)
A second kind of graph that you need to know is a non-horizontal straight line. This graph shows that the variable plotted on the y-axis is linearly proportional to the variable plotted on the x-axis, or y α x. This can also be expressed as y = mx + c, where m is the gradient of the graph and c is the value of the intercept on the y axis. This sort of graph is covered in more detail in M3.3.




3. Non-linear growing (or shrinking!)
A third kind of graph is one where there is some dependence of the y variable on the x variable but it is not a linear relationship. The y variable might increase according to the square or the cube of the x variable (resulting in a steeper and steeper curve on the graph). 

You do not need to be able to identify and distinguish these different kinds of non-linearity except for the case of exponential growth. As long as you know it is a non-linear relationship you have done enough.
Refer to M2.5 to see an example of exponential growth in the context of the growth of microorganisms and to see how a logarithmic scale allows you to turn this type of graph into a linear representation.
Exponential is a special kind of non-linear relationship, where the y variable changes according to some number raised to the power of the x variable.

Note that the word ‘exponential’ gets used in everyday speech in quite an imprecise way, often simply to mean ‘getting bigger quickly’. In Biology we should try to only describe the relationship we see as ‘exponential’ when we believe, or suspect, that our y variable really is changing as nx.


Examples
In the first graph below we can see that the relationship between the x and y variables (temperature and rate respectively) is different in different sections of the graph.
At temperatures below 15°C and above 37°C the rate is unaffected by changes in temperature. Rate is independent of temperature.
Between 15°C and 37°C the relationship between the variables is linear. Rate increases in direct proportion to the increase in temperature.
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Now let’s have a look at a second curve (shown in red) added to the original graph. 
It shows a similar independent relationship between rate and temperature below 15°C and above 37°C but the relationship between these temperatures is clearly non-linear.  
We would not describe the relationship as exponential between 15°C and 37°C but we might suspect that there is a small section between about 15°C and 20°C where rate could be increasing exponentially as temperature rises.
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