Graphing
Introduction to the Skill

Graphing skills are an integral part of learning.  Graphs are also needed to analyze and interpret data. Graphs help students to visualize the data that has been collected from investigations or from data sources such as textbooks, articles or research done by 3rd parties. In order to analyze and interpret data effectively, students must be able to understand and be able to explain different types of graphs, construct different types of graphs, and be able to use the graph appropriate to interpreting the data before them.   

Safety Concerns

There are no safety concerns.

Curriculum Applications

The curriculum objectives covered in this assignment are:

C11-1-08:
Interpolate and extrapolate the vapour pressure and boiling temperature of various substances from pressure versus temperature graphs.

C11-0-S7:
Interpret patterns and trends in data, and infer and explain relationships.

C11-0-S4:
Select and use scientific equipment appropriately and safely. Examples: volumetric glassware, balance, thermometer...

C11-0-S5:
Collect, record, organize, and display data using an appropriate format. Examples: labelled diagrams, graphs, multimedia applications, software integration, probeware...

C11-0-S7:
Interpret patterns and trends in data, and infer and explain relationships.

Procedural Understanding Sequence 

Consider the article in the October 26/06 Winnipeg Free Press about the results of the mayoral election.  Some facts scattered throughout the article are: 

· ‘Voter turnout 28.2% but still creates shift at city hall’

· ‘With all 638 polls reporting, Katz received 104,379 votes, which represents 61.6 % of the popular vote’

· ‘His 76,000-voter margin of victory over Cerilli …’

· ‘Hasselruis, meanwhile, toke solace in his third-place showing …’

What would you do with this data to better understand what happened in the mayoral race? What type of graph would you use? How would you construct the graph? 

· Solution.  

· Construct a table. Calculate the % of vote. Decide to draw a circle chart and calculate the degrees (of a circle).

	Candidate
	# votes
	% of vote
	degrees

	Katz
	104,379
	61.6
	222

	Cerelli
	28,000
	16.5
	59

	Hasselruis & #4
	37,067
	21.9
	79

	Total
	169,446
	100.0
	360


· Plot a circle chart.

Consider another situation regarding carbon emissions in Canada. 

	Year
	Carbon dioxide emissions
(megatonnes)
	Gross domestic product
(GDP) (1986 C$ billions)

	1960
	200
	164.13

	1965
	269
	216.80

	1970
	355
	271.37

	1975
	399
	350.11

	1980
	425
	424.54

	1985
	409
	489.44

	1990
	447
	565.16

	1995
	489
	608.84


What would you do with this data to help you to draw meaning from it? What kind of graph would you draw?

The purpose of this instruction is to help you to answer the types of questions that I have asked you in these two situations.

Types of Graphs

There are many different types of graphs that can be used in the analysis and interpretation of data in science. Some of the more common types of graphs are:

· Line plots

· Line graphs

· Bar graphs (Histograms)

· Circle charts (Pie charts)

Each of these types of graphs will be explained, demonstrated, and you will have an opportunity to practice making a graph and interpreting it.

Line Plot 

A line plot is simple one-dimensional plot of data on a horizontal line. Line charts are used to show a single type of data and to infer same basic measures of central tendency. A line chart looks like:
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The Age of People in an Apartment Building

Source:  http://ellerbruch.nmu.edu/cs255/jnord/lineplot.html
We will construct a line plot of the height of students in this classroom.  

· How would you get the data?  

· Divide into groups of five.

· Create a chart with the height of the five students.  Measure student heights and record the data. Write this data in your journal.

	Student #
	Height (cm)

	1
	

	2
	

	3
	

	4
	

	5
	


· Write the group data on the large chart on the blackboard.

· Look through the data and find the smallest and largest values.

· Draw a horizontal line in your journal. Create a scale on the line. The smallest value will be on the left side of the line chart and it should be about 10% smaller than the smallest value in the overall class height data.  The largest value will be on the right side of the line chart and it should be about 10% larger than the largest value in the overall class height data.  

· Plot the class data. The data points should be plotted above the line. The line would look like this
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· What does the data tell us?

· Are there any clusters?  A cluster is a grouping of data points.

· Are there any outliers?  An outlier is a value that is much smaller or larger than the other values.

· What is the range?  The range is the absolute value of the difference between the tallest and shortest person in the class.

· What is the median?  The median is the center or middle height in the class.

· What is the mode?  The mode is the most frequent value on the line chart.

· What is the mean?  The mean is the average value from all of the gathered height data.

To review, the steps to create a line chart are as follows:

· Draw a horizontal line with a ruler

· Put a scale on the line that allows you to plot all data.

· Plot the data points.

Line graph

Line graphs are a way to visualize how two types of information are related.  They compare two variables that are each plotted along an axis. A line graph has horizontal axis (independent variable) and a vertical axis (dependent variable). Line graphs are often used to show trends of data changing over a period of time. A line graph looks like:
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An example is the average monthly temperatures in Winnipeg over the course of a year.

	Month
	Maximum 

Temperature (°C)
	Minimum 

Temperature (°C)
	Mean 

Temperature (°C)

	January
	-12
	-23
	-17

	February
	-9
	-20
	-14

	March
	-1
	-11
	-6

	April
	10
	-1
	4

	May
	19
	5
	12

	June
	23
	10
	17

	July
	26
	13
	20

	August
	25
	12
	18

	September
	19
	6
	12

	October
	11
	0
	6

	November
	0
	-8
	-4

	December
	-9
	-18
	-14


· Collect data.  Organize the data in a table.

· Pick a scale for horizontal & vertical scales.  Put numbers to the scales.
· Plot the three sets of numbers (max-min-mean) on a line graph for the 12 months of the year.  Use a different symbol & colour for each data group.
· Connect the data points.
· Label the graph (title, X-axis, Y-axis).  Include units.
To review, the steps to create a line graph are as follows:

· Collect your data.  Organize data in a table.

· Pick a scale for horizontal & vertical scales.  

· Put numbers to the scales.

· Plot the data.  Connect the data points.  Use a different symbol & colour for each data group.

· Label the graph (title, X-axis, Y-axis).  Include units.
Test your knowledge about line graphs by doing a quiz at: http://www.mcwdn.org/Graphs/LineGraphQuiz.html
Bar graph

Let’s look at a short video clip to introduce us to a bar graph: http://video.google.com/videoplay?docid=2773790988559247415
A bar graph is an excellent way to show non-continuous data such as samplings / surveys.  They are intended to display the occurrence or frequency of different characteristics of data.   Bar graphs can be powerful decision-making tool to direct resources to the issue on the basis of frequency. A bar graph looks like:
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Source: http://www.nceas.ucsb.edu/nceas-web/kids/experiments/trips/cleanup/cleanupbar.gif
For example, a lab could be conducted to measure the boiling point of ethanol. Each lab pair would report their results to the teacher and a summary table would be prepared.  The data would be grouped on the basis of temperature ranges. The students would prepare a table such as:

	Temperature Range

 (°C)
	Frequency of Data 

(#)
	Frequency of Data 

(%)

	77.7 – 77.9
	0
	0 %

	77.9 – 78.1
	1
	7.5 %

	78.1 – 78.3
	2
	15 %

	78.3 – 78.5
	6
	47 %

	78.5 – 78.7
	3
	23 %

	78.7 – 78.9
	1
	7.5 %

	Total
	13
	100%


A bar chart would have the following parts:
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Source:  http://cstl.syr.edu/fipse/TabBar/RevBar/REVBAR.HTM
The students would then prepare a bar chart with the temperature ranges on the X-axis and the frequency data on the Y-axis (either the # or % could be used).  
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From the graph, one could draw the conclusion that the boiling point of ethanol is between 78.3-78.5°C.  Its’ real value is 78.4 °C, so the bar chart was of good value in this example.

To review, the steps to create a bar graph are as follows:

· Decide on the range for both the horizontal scale (x-axis) & the vertical scale (y-axis).  

· Draw the graph & put the numbers on the horizontal & vertical scales.

· Plot the data.

· Label the scales (names & units).  Add a legend.

Test your knowledge about bar graphs by doing a quiz at http://www.mcwdn.org/Graphs/BarGraphQuiz.html
Circle or Pie Charts
A circle chart is a good way to display categories of data, such as the example given earlier about the City of Winnipeg mayoral race. It can provide a quick and easy way to display information about the relationship of parts to a whole. Each sector (piece of the pie) is proportional in size to the amount each sector represents. This makes it easy to make generalizations and comparisons.
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An example could be finding out what types of pizza the students in the class like to eat.  As a class, we’ll pick our four favorite types of pizza (fill in these four pizza types in the table below). Ask each student what type of pizza that they like best.  Mark it in the table.

	Student

Name
	#1 Pizza:


	#2 Pizza:


	#3 Pizza:
	#4 Pizza:

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	TOTAL
	
	
	
	


Write in the names of the types of pizza & the total for each type of pizza. Calculate the % of the total for each type of pizza. Calculate the degrees (of a circle) for each pizza type, i.e. degrees = % x 360.

	Pizza Type
	         #
	        %
	    degrees

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	TOTAL
	
	     100.0
	       360


Draw a circle chart.

To review, the steps to create a circle chart are as follows:

· Add up the #’s in the table to get a total.  This total equals 100%.

· Calculate the % for each category.  % = # / total

· Calculate the degrees.  Degrees = % x 360.  Round each number to the nearest degree.

· Draw a circle chart.  

· Draw a circle.  Draw a horizontal line from the center to the left perimeter.

· Use a protractor.  Draw an angle for the largest °degrees.  Repeat this step for each entry (largest to smallest).

· Add a title, shading & legend.

Test your knowledge about circle charts by doing a quiz at:

http://www.mcwdn.org/Graphs/CirclePieQuiz.html 

Summary Table

	Graph Type
	Explanation
	When to use it

	Line plot


	A line plot is simple one-dimensional plot of data on a horizontal line. 
	Used to show a single type of data and to infer same basic measures of central tendency.

	Line chart
	Compares two variables that are each plotted along an axis
	Single variable, e.g. trend over time.

	Bar chart


	Displays the occurrence or frequency of different characteristics of data.
	Samplings or surveys, e.g. frequency of science students who enjoy and learn from labs.

	Circle chart


	Displays information about the relationship of parts to a whole.
	To examine causes of an outcome for a specified time period, e.g. causes of auto accidents for 2005 in Manitoba.


Review

The ‘Create a Graph’ website provides students an opportunity to select their choice of graph and to build it with the data that the student chooses.  See: http://nces.ed.gov/nceskids/createagraph/
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The Boiling Point of Liquids

Objectives

1. Measure the boiling points of different liquids.

2. Create and interpret data from graphs.

Materials


This experiment requires:

- hot plate


- thin stem pipette

- capillary tube

- 3 x test tubes

- 250ml beaker

- 2 x digital long stem thermometers

- ring stand


- glass stirring rod

- thermometer clamp
- safety goggles

- graph paper



- 10ml graduated cylinder


- stopwatch




- alcohol (ethanol, methanol and acetone)
Safety

· Students must wear safety goggles while conducting this lab.

· Students should use caution when operating the hot plate and heating liquids.

· Heated glassware and liquids should not be touched during the course of the experiment.

Procedure


For this lab activity you will work in groups of two.

1. Obtain a capillary tube that is sealed at one end.

2. Place the capillary tube with the sealed end up, into a small test tube.

3. Using the 10ml graduated cylinder, place 5ml of ethanol into the test tube.
4. Using the thermometer clamp, attach the test tube/thermometer set-up to the ring stand.

5. Place 150ml of tap water in the 250ml beaker and put it on the hot plate.

6. Position the beaker and hot plate beneath the test tube/thermometer set-up (see Figure 1 for set-up diagram)
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Figure 1

7. Begin heating the water bath.

8. When the water bath reaches 40oC, record the temperature of the ethanol (this is your 0s data point).  

9. Start recording the temperature of the water bath every 30 seconds and place the data in your chart. 

10. Heat the water bath while continually stirring it with the glass rod.

11. Continue this until a steady stream of bubbles issues from the open end of the capillary tube.

12. Record the temperature of the ethanol as soon as you first see the bubbles.

13. Turn the hot plate off.

14. Keep stirring the water bath and recording the ethanol’s temperature every 30 seconds.

15. Continue this until the bubbles stop being released from the capillary tube.  Record the temperature of the ethanol in your data chart.

16. Discard the remaining liquids according to the teacher’s directions.

17. Repeat the procedure for each of the remaining two liquids (methanol and acetone).
Data and Observations

Temperatures collected during the experiment should be recorded in the chart below.

	Time
	ethanol
	methanol
	acetone

	0s
	
	
	

	30s
	 
	 
	 

	60s
	 
	 
	 

	90s
	 
	 
	 

	120s
	 
	 
	 

	150s
	 
	 
	 

	180s
	 
	 
	 

	210s
	 
	 
	 

	240s
	 
	 
	 

	270s
	 
	 
	 

	300s
	 
	 
	 

	330s
	 
	 
	 

	360s
	 
	 
	 

	390s
	 
	 
	 

	420s
	 
	 
	 

	450s
	 
	 
	 


Extension Questions

In the experiment you collected data and organized it in a chart.  Now what can you do with this data?  What is another way that the information can be displayed?  If you’re thinking a graph, you’re absolutely correct!

Step 1: Interpret your data

1. What type of graph would you use if you wanted to best represent the changes in temperature of the three liquids over time?  Check your class notes if you are having difficulty figuring this out.

2. What would be represented on the x-axis?  What would be represented on the y-axis?

3. What number scale and units would you use on the x-axis?  What number scale and units would you use on the y-axis?

4. Now it’s time for you to make a graph!  Construct a graph on the graph paper provided.  Make sure to label all the axes and give the graph a title!  (Note: you are plotting the information for three different liquids on the graph.  How are you going to distinguish which is which?)

5. Describe the temperature vs. time graph.

6. What happened to the temperature of the alcohol as it was heated prior to boiling?

7. What happened to the temperature of the alcohol as it boiled?

8. Analyze your graph.  Are you able to distinguish what the boiling points of the different liquids are?  How would you determine this?  Record your results below.

Experimental boiling point for ethanol:    ________

Experimental boiling point for methanol: ________

Experimental boiling point for acetone:    ________

9. Why is there a level spot on your graph?  What range in time does this occur for each liquid?  Describe what is happening in terms of kinetic energy, phase changes and vapour pressure during this time.

10.
What do you think your graph would look like if you used twice as much liquid each time?


Step 2: Collecting Class Data
Submit your group’s data for the experimental boiling points to the teacher.  Enter it into the spreadsheet that the teacher has open on his computer.  Be sure to enter the data for the correct liquid on the correct folder within the spreadsheet.

The class data will be collected and combined with the class data from the other grade 11 chemistry class and given to you for step 3 of the data interpretation in this lab.

Step 3: Interpreting Class Data (Next period)

Now that the boiling point data for the three liquids has been collected for each grade 11 class, it is time to analyze some more!  Get a copy of the summarized results from the teacher.  It is in the form of a chart.  What do you think we will do with this information?  That’s right, more graphing!

1. What type of graph would you use if you wanted to find out the number of times a certain boiling point was observed for one of the liquids?  Check you class notes if you are having difficulty figuring it out.

2. What would be represented on the x-axis?  What would be represented on the y-axis?

3. What number scale and units would you use on the x-axis?  What number scale and units would you use on the y-axis?

4. Draw three graphs, one for each liquid, on the graph paper provided.  Use the summarized results collected from each class that the teacher has provided.  Make sure to label all the axes and give the graph a title!  (Remember: you are graphing the frequency that certain boiling points were observed for each liquid.)

5. Describe what your three graphs look like.

6. Analyze your graphs.  Is there one experimental boiling point that occurred more frequently for each liquid?  What do you think this temperature most likely represents?  How do you know this? Explain your reasoning.  Record the three most common temperatures that occurred in the classes below (one for each liquid). 

Most frequent experimental boiling point for ethanol:    ________

Most frequent experimental boiling point for methanol: ________

Most frequent experimental boiling point for acetone:    ________

7. Now it’s time to find out how accurate the class experiments were.  Consult the Handbook of Chemistry and Physics provided by your teacher and look up the standard boiling point for each of the three liquids.  Record them below.

Standard boiling point for ethanol:    ________

Standard boiling point for methanol: ________

Standard boiling point for acetone:    ________

8. How close were the class results to the listed results for each of the three liquids?  Explain what you think are some possible sources of error in the class results.

More Extension Questions

1. Where does the energy from the hot plate go when your alcohol has reached its boiling point?

2. Where does the alcohol that boils away go?

3. Describe how the temperature would change over time if you put sealed container of your alcohol as a gas at 100oC in a cold water bath.  Draw out a graph to help illustrate your answer.
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