
GRAPHS AND GRAPHING

The reason for making and using graphs is to better understand the relationship among sets of data and to make this relationship clearer to the reader.  A data table filled with the measurements made during an experiment (called “raw data”) may not immediately grab the attention of the person looking at it. However if the data can be organized and simplified, and then presented in a graph, it will be much easier to see how the data are related.  

Usually scientists use a graph to get a better idea of how two sets of data are related:                       

How does increasing one variable affect the other variable? 

How much does increasing one variable affect the other variable?                       

By how much does it increase or decrease?             

One set of data comes from the independent variable and the other set of data comes from the dependent variable. The INDEPENDENT VARIABLE is the experimental factor that the person doing the experiment changes. The DEPENDENT VARIABLE is the quantity the person doing the experiment measures.  The dependent variable changes because of the changes in the independent variable. 

Examples:

1.  An experiment measuring the growth of plants using different amounts 

     

      of fertilizer.

The amount of fertilizer is the independent variable (changed by the experimenter) and the height of the plants is the dependent variable (measured by the experimenter).

2.  An experiment measuring the volume of a trapped sample of gas as 

     differing pressures are applied to it.

The pressure applied to the sample of the gas is the independent variable (changed by the experimenter) and the volume of the sample is the dependent variable (measured by the experimenter).

3.  An experiment measuring the rate of a reaction at varying 

      temperatures. 

The temperature at which the reaction mixture is maintained is the independent variable (changed by the experimenter) and the time it 

takes for the reaction to be completed is the dependent variable 

(measured by the experimenter)

Most of the graphs you will make and use in science will be linear graphs. The word “Linear” includes two important meanings:  (1) the data will be plotted in a “line” – either a straight line or a curved line, and (2) the data points will not be tied together with a series of jagged line segments – the student will NOT play “connect the dots”.

A Straight Line graph consists of one (or more) straight lines showing a straight line relationship between two things. It will look like a straight line.                       

A Curvilinear graph consists of a curved line showing a nonlinear relationship between two things.  Common shapes for a curvilinear graph are lines that look like: 

an upside down letter “U”

half of the letter “U”                          

the letter “S” 

STEPS FOR DRAWING A GRAPH

1.  Identify the independent variable (the one changed by the experimenter). 

      It will be plotted on the horizontal (the side to side or the “x”) axis.             

2.  Identify the dependent variable (the one measured by the experimenter). It will 

     be plotted on the vertical (the up and down or “y”) axis.             

3.  Determine whether the origin (the zero point of each axis) needs to be included 

     in or left out of the graph. For example if you are studying the relationship 

     between height and lung volume for ADULTS no adult will have zero height 

     and no adult will have zero lung volume! – therefore the origin will not be 

     included. However, if you are studying the effect of concentration on the rate 

     of reaction you may have concentrations very close to zero – therefore the 

     origin will need to be included.             

4.  Calculate the range of the independent variable. To do this subtract the lowest 

      value of the independent variable from the highest value. Remember you may 

      need to include the origin – the zero point! For example, if you are studying 

      the lung volumes of people ranging in height from 150 cm to 210 cm then the 

      range of the independent variable is:          

210 cm – 150 cm = 60 cm                 

     However, if you are studying the effect of concentrations ranging from 

     0.010 M to 1.00 M on the rate of reaction then you will need to include the 

     origin and the range of the independent variable is: 

1.00 M – 0.00 M = 1.00 M

5.  Count the number of major divisions along the horizontal axis. If you are using 

     scientific graph paper you will see a heavier line (showing a major division) 

     every fifth line. If you are using engineering paper you will not have the help 

     of these major divisions and you will have to count each line all the way 

     across.             

6.  Determine what scale to use for the horizontal axis.

a. To start this process, divide the range by the number of divisions. 

    

For example, if the range were 60 cm and the number of major 

divisions were 18 then:

60 ( 18 = 3.34

     
This means that each large division must be at least 3.34, otherwise not 

      
all the data will fit onto the graph. 

b. Choose a convenient scale which spreads out the data as much as 

    possible conveniently.  The graph should occupy at least 50% of the 

    horizontal axis (and at least 50% of the vertical axis too!). 

For example:                             

Making each large division 3.35 cm would spread out the data, but it would be nearly impossible to figure out how to plot a height of 64.1 cm                             

Making each large division 10 cm would make it easy to plot (each small division would be 2 cm), but the graph would only occupy a third of the horizontal axis!                             

However, if we made each large division 5 cm (and each small division 1cm) then plotting 64.1 cm would not be a problem, and the graph would occupy over 50% of the horizontal scale!                       

 
c. There are two good rules of thumb to make plotting points easier.

(1) Make each major division equal to an amount where the first 

      nonzero digit begins with 1, 2, or 5. 

For example:


10, 20, 50


1, 2, 5


0.1, 0.2, 0.5


0.001, 0.002, 0.005

(2) Make each major division equal to an amount where the first 

     two nonzero digits are 2 and then 5.


For example:



250



25



2.5



0.25



0.025

7.  Number the horizontal axis.                        

a. If your data start with zero, then start numbering starting from zero.                        

b. If zero will not be included on your graph, then the number you use to 

    begin to number the horizontal axis must be a whole number multiple 

    of the value you have chosen for each major division. For example, if 

    your first value to plot on the horizontal axis is 62 and you have chosen 

    to make each large division worth 5 cm, then you will need to start 

    numbering from 60 cm.             

8.  Label the horizontal scale and include the units! 

For example:                       

“Height in cm” 

“Time (seconds)”                        

“Weight (pounds)”                       

“Temperature in degrees Celsius” 

9.  Repeat steps 3 through 8 for the dependent variable this time.             

10. Plot the data values on the graph.                       

a. Locate the first value for the independent variable on the horizontal 

    scale.                      

b. Use a straight edge (such as a ruler) to track that value vertically up 

    the graph.                      

c. Locate the value of the dependent variable which corresponds to the 

    first value for the independent variable on the vertical scale.                       

d. Use a straight edge to track that value horizontally until the two values 

     meet.                       

e. Where the two tracks meet mark that point by making a small dark dot, 

     then draw a small circle around the dot. 

Hint: it may save a lot of frustration to first use pencil and then go 

back with a pen and darken the point and the circle – pencil erases, 

pen does not!            

11. Determine whether the graph should be a Straight Line graph or a Curvilinear 

      graph. 

      
If you are in doubt try both a straight line fit and a curved line fit, 

then choose!             

12. Draw the best fit straight line or curved line to connect your data points.                       

a. Do not merely play “connect the dots”.                       

b. Do not shade the part of the graph under the line (or over it for that 

    matter!).

    

Shading has a special meaning referring to the area under the 

curve.

c. Remember that plotted points do not always form a straight line or a

   smooth curve even when, you want them to do so.                       

d. If the points appear to generally fall in a “line” you will need to use a 

    straight edge to try to find a line which comes as close as possible to 

    as many points as possible.                      

e. If the points appear to generally fall in some sort of curve you will need 

    to lightly sketch a smooth, graceful curving line until you have one 

    that comes as close as possible to as many points as possible. 


f. If you are trying to draw smooth graceful curves a device called a 

               “French Curve” can help.  They are available in an expensive plastic 

                version wherever art, office, or school supplies are sold.

g. Once again, whether you are using a French curve or are sketching the 

    curve freehand, and even if you are using a straightedge to draw a 

    straight line, remember to start with a light, easily erased pencil line

    before using a pen to make the line permanent.

13. Put a title on the graph.  It should clearly tell which two variables the graph is 

      comparing the dependent variable comes first, then the  word “versus” or the 

      abbreviation “vs.” and lastly the independent variable.


Examples:

“The Height of Bean Plants versus the Amount of Fertilizer”

“The Volume of a Sample of Air versus the Pressure Applied to 

  that Sample.”

“The Rate of the Mg/HCl Reaction versus the Concentration of the HCl.”
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