Developing Graphing Skills Activity
Pre-Lab discussion:     
Recorded data can be plotted on a graph. A graph is a pictorial representation of information recorded in a data table. It is used to show a relationship between two or more different factors. Three common types of graphs are line graphs, bar graphs (histograms), and straight line graphs. In this investigation, you will interpret and construct each type of these three.

Problem:


Formulate a hypothesis to answer the question: How do you correctly interpret and construct a line graph and a bar graph?

Materials: 
No special materials are needed.

Procedure:  
Part A. Interpreting Graphs
1. The type of graph that best shows the relationship between two variables is the line graph. A line graph has one or more lines connecting a series of points, as shown in Figure 1. Along the horizontal axis, or x-axis, you will find the most consistent variable, called the independent variable, in the experiment. Along the vertical axis, or y-axis, you will find the other variable, called the dependent variable. It depends on the independent variable. Example: the growth of a plant is dependent on the light intensity. Growth would be the dependent and light intensity the independent. 
2. When would you use a line graph? When the independent is a continuum of the same variable. Example: different concentrations of a given solution, different light intensities, different temperatures. You would not use a line graph if the independent are not a continuum of the same variable such as different hair colors, different blood types, etc..
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Figure 1:
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3. 
Use the line graph in Figure 2 to answer questions 1-6 in Observations.

Figure 2:

4. 
A bar graph (histogram) is another way of showing relationships between variables. A histogram contains an x-axis and a y-axis. But instead of points, a bar graph uses a series of columns to display data, see figure 3. On some histograms, the x-axis has labels rather than a numerical scale. This type of bar graph is used only to show comparisons such as different colors of hair, blood types, species of animals.
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Figure 3:
5. 
Use the histogram in Figure 4 to answer questions 7 through 11 in observations.
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Figure 4:
6. 
A best fit line is one method to extrapolate information from a graph in order to make predictions.

    
A best fit line graph also contains an x-axis and a y-axis. You plot the points, but instead of connecting the dots, you draw a straight line as close to all the dots that you can. See the graph below on the change of the mass of potato cores when exposed to different concentrations of sugar (sucrose) solutions. Use the best straight line graph in figure 5 to answer questions 12-16 in observations. This type of graph is to show a pattern – correlation of the information as well as to predict results on concentrations not tested..
Figure 5:
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Part B. Constructing Graphs
1. When plotting data on a graph, you must decide which variable to place along the x-axis and which variable to place along the y-axis. The independent variable is placed on the x-axis and the dependent on the y-axis. The best way to determine which the independent variable is or dependent variable is to ask which variable depends on the other. Example: Look at figure 2 - do the days determine the growth of the plant, or does how much the plant grows determine on the number of days? The number of days would be the independent variable and the growth of the plant would be the dependent variable. Label the axes of your graph accordingly. Remember that all labels have two parts - the label and its units. Example: time is the label and days would be the unit, Plant growth is the label and centimeters are the units.

2. Next you must decide on the scale of each axis; that is, how much each unit along the axis represents. Scales should be chosen to make the graph as large as possible within the limits of the grid and still include the largest item of data. If the scale is too large, your graph will be cramped into a small area and will be hard to read and interpret. If the sale unit is too small, the graph will run off the grid. Scale units should also be selected for ease of locating points on the graph. Make sure that the units are spaced equally. Example: observe the two graphs below; the first is correct, the second is wrong.
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3. Use the information recorded in Data Table 1 to construct a line graph on the grid provided in number 1 of Part B: constructing graphs. You should label (with units) each axis, plot the data, connect the points, and give your graph a title.

4. Use the information recorded in Data Table 2 to construct a histogram on the grid provided in number 2 of Part B: constructing graphs. You should label (with units) each axis, mark an appropriate scale on each axis, plot the data, darken the columns of the graph, and give your graph a title.

5. Use the information recorded in Data Table 3 to construct a best straight line graph on the grid provided in number 3 of Part B: constructing graphs. You should label (with units) each axis, mark an appropriate scale on each axis, plot the data, use a ruler to draw a straight line as close to all of the data points as possible, and give your graph a title.
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Observations
Part A. Interpreting Graphs
Use the line graph in Figure 2 to answer questions 1-6. Make sure to put units behind all numbers.
1. Which plant grows the tallest? __________________________________

2. How many plants grew to be at least 6 cm tall? ______________________________________

3. Which plant grew the fastest in the first five days? _____________________________________

4. Which line represents plant 2? ______________________________________________________

5. After 10 days, how much had plant 3 grown? __________________________________________

6. How long did it take for plant 1 to grow 6 cm? _________________________________________

Use the bar graph in Figure 4 to answer questions 7-11.
7. At birth, what is the average number of red blood cells per mm3 of blood? ______________________

8. What happens to the number of red blood cells between birth and 2 months? ____________________

9. What happens to the number of red blood cells between ages 8 and 10 years? ___________________

10. Between what ages is a human likely to have 4.6 million red blood cells? ______________________

11. After 14 years of age, do males or females have a higher red blood cell count? __________________

Use the best straight line graph in Figure 5 to answer questions 12-16.
12. What is the concentration of the sugar in the potato cores? _________________________________

(Hint: the place where the line crosses the 0 line.)

13. From the graph predict the change in mass of the potato cores in a 0.8 M sucrose solution.

__________________________________

14. What does this type of graph allow you to do that a line graph cannot? ________________________

15. How does this type of graph take into account errors in reading and recording data from the experiment?

_________________________________________________________________

PART B. Constructing Graphs
1. Us the grid below to construct a line graph of the information shown in Data Table 1.

Data Table 1: Breathing Rate of the Freshwater Sunfish 

	Temperature  (C0)
	Breathing Rate (per minute)
	Temperature (C0)
	Breathing Rate (per minute)
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	10
	15
	23
	15

	15
	25
	25
	25

	18
	30
	27
	30

	20
	38
	
	


Data Table 2: Average Rainfall in Willamett Valley
	Month
	Jan.
	Feb.
	Mar.
	April
	May
	June
	July
	Aug.
	Sept.
	Oct.
	Nov.
	Dec.

	Rainfall (Ml)       
	15
	21
	28
	24
	16
	8     
	2
	1
	2
	3
	5
	10


2. Use the grid below to construct a bar graph of the information shown in Data Table 2.
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Data Table 3: Percent change in Mass of Potato Cores

	Contents in Beaker
	Percent change in Mass

	a) Distilled Water
	21.4 grams

	b) 0.2-M Sucrose
	4.2 grams

	c) 0.4-M Sucrose
	-1.5 grams

	d) 0.6-M sucrose
	-15.0 grams

	e) 0.8-M Sucrose
	-21.0 grams
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3. Use the grid below to construct a best straight line graph of the information shown in Data Table 3. This time make sure to give a title and label the graph correctly (remember the independent and dependent variables correctly).

Analyze and Conclude:
1. How is a graph similar to a data table? ___________________________________________________

2. How is a line graph different from a bar graph? ____________________________________________

3. Does a steep curve on a line graph indicate a rapid or a slow rate of change? _____________________

4. How is a line graph different from a best straight line graph? __________________________________

______________________________________________________________________________

Thinking Skills and Applications:
1. 
You are conducting an experiment to measure the gain in mass of a young mouse over a ten-week period. In constructing a graph to represent your data, which variable should you place along the x-axis and which variable should you place along the y-axis? Explain your answer.

_____________________________________________________________________________

_____________________________________________________________________________

2. Should it be a line graph or a bar graph? ________________________________________________________

3. 
What is an advantage of using multiple lines on a line graph?  (See Figure 2.) 

_____________________________________________________________________________

_____________________________________________________________________________

3. Why is it important to have all parts of a graph clearly labeled and drawn? 

_____________________________________________________________________________

_____________________________________________________________________________

More to Explore:
A circle graph (sometimes called a (pie chart() is a convenient way to show the relative sizes of the parts that together form a whole body of data. Look through magazines and newspapers to find examples of circle graphs. Make a pie chart showing the percentages of animals in each phylum 

Arthropoda (insects, arachnids) = 84%,

Protists (euglena, amoeba, paramecium) = 4.6%,


Mollusca (clams, snails, octopus) = 5.0%, 

Echinoderms (starfish, sea urchins) = .56%, 

Chordates (fish, birds, mammals) = 1.8%, 

Cnidarians (coral, jellyfish, hyroids) = 1.2 %

Platyhelminthes (tapeworms, flukes) = 1.1%

Nematoda (pinworm, ascaris) = 1.0%

Annelida (earthworms, leeches) = .83%


For IB Students only:
Error bars: error bars are graphical representation of the variability of the data. You can use the range of the raw data range or standard deviation to make them.  See page 3 and 4 for examples. It would also be good to find out how to use the statistical analysis functions on your calculator. Put in error bars on all the graphs above.

Uncertainties: How accurate are the tools that you are using. The accuracy of the tools determines the results.  Example: in DNA agarose horizontal gels techniques expect a 20% error in the data while on a average thermometer the accuracy is 0.10C.

Uncertainties need to be stated in the data tables where the raw data is recorded. In the parentheses above the data tables write in the accuracy of the tools used.

The electronic balance used was accurate to +/- 0.01g; and the graduated cylinder to measure volume is accurate to +/- 0.1ml 

The hydrometer was accurate to 0.1 ml 

The thermometer was accurate to 0.1C0 while the number of breaths was accurate to +/- 1 breath/minute.

Correlation does not mean causation: It is important that remember that a strong correlation does not mean causation. Example 1: The disappearance of the passenger pigeons (whose population was in the billions in the US) is strongly correlated to the disappearance of the native Indians. Example 2: There is a strong correlation between an increase in the cat population and the decrease in the population of wolves across the US therefore the cause of wolf population decrease must be due to cats killing them. What is necessary to show that cats do influence wolf populations? See pages 10-11 in your book. You can draw a strong correlation in all three graphs. Does this show that the fact identified is the cause of the results? Can you come up with other sound biological factors. How would you show causation?
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To work with error bars make a best straight line graph using the following data. Include error bars, identification of outliers, state if the data is significant and state why or why not..

% Change in mass of dialysis tubes with different concentration of sucrose when placed in distilled water.

What are the uncertainties in this experiment? _______________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

	
	Distilled water
	0.2M Sucrose

Concentration
	0.4M Sucrose

Concentration
	0.6M Sucrose


Concentration
	0.8M Sucrose 

Concentration
	1.0M Sucrose


Concentration

	Team #1
	0.34%
	8.05%
	23.86%
	25.28%
	27.49%
	39.36%

	Team #2
	-0.25%
	12.13%
	18.94%
	17.33%
	31.57%
	42.48%

	Team #3
	1.52%
	6.85%
	16.73%
	23.15%
	28.45%
	37.31%

	Team #4
	2.25%
	15.07%
	17.25%
	26.32%
	38.21%
	44.29%

	Team #5
	5.04%
	13.32%
	15.02%
	25.26%
	34.53%
	48.83%

	Team #6
	-0.89%
	10.19%
	21.57%
	31.88%
	39.12%
	41.68%
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Is the data significant? State your reasoning. ________________________________________________________________

____________________________________________________________________________________________________

Are there any outliners? What data points would you consider outliers and why? ___________________________________

___________________________________________________________________________________________________

___________________________________________________________________________________________________

Has all data been recorded correctly? If not identify which ones have not been and state why you think this. ______________

___________________________________________________________________________________________________

Is there a strong correlation? If so, what type of correlation? Explain. ____________________________________________

____________________________________________________________________________________________________

____________________________________________________________________________________________________
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