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Is it worth completing university? 
Overview
In this activity, students learn how to use Census data on E-STAT with data analysis software.  Students investigate the correlation between the proportion of people with a completed university degree and average income using census tract data for a large urban centre.  Data are graphed in a scatter plot and mapped within E-STAT, then brought into a data analysis software program for regression and correlation analysis.  This lesson is intended to serve as an introduction to using the rich collection of Census data on E-STAT (over 1700 characteristics from each recent census for each municipality and census tract) for analysis projects.
Contributors: Joel Yan and Jennifer Hall, Statistics Canada



Objectives
· To solve problems involving complex relationships with the aid of diagrams
· To describe the relationship between two variables by interpreting the correlation coefficient
· To calculate the correlation coefficient for a set of data using statistical software


Suggested grade levels and subject areas
· Secondary 

· Mathematics (Data Management)



Materials

· Computers with internet access
· E-STAT account

· Data analysis software


Duration
· One 75 minute period


Classroom instructions
1) Ask the students how they think education levels correspond to income levels.  Does it really make that much difference to your earning potential if you have a university education?  

2) Introduce them to E-STAT as a database from Statistics Canada which provides a tremendous amount of statistical data on Canada and Canadians  including census data from 1986-2001, as well as historical censuses.  Give a brief overview of the E-STAT website (http://estat.statcan.ca/).  You may wish to use the flash presentation “What’s E-STAT?”, available at http://www.statcan.ca/english/Estat/motion.htm.
3) Using a computer display, use E-STAT to produce a scatter graph of the data on education levels versus income for your city (or the nearest large centre), based on instructions on the E-STAT worksheet.  Ask the class to describe the trend shown in this graph. 

4) Ask the class to brainstorm possible explanations for this trend.  Discuss.
5) Have each student select a census tract of interest (other than the one shown in the introductory display).  This will be the location they will use for the remainder of the lesson.  
6) Provide the user name and password for E-STAT. 

7) Distribute the student instructions and worksheet.  
8) Point out to your students the rich collection of census data available on E-STAT (over 1700 characteristics from each recent census for each municipality and census tract) that can be used for analysis projects and student research.
9) 
10) 


Enrichment

1) Students can repeat the entire process outlined in the worksheets by using the percentage of the population with less than Grade 9 education.  This will involve returning to E-STAT to retrieve new data.

2) This analysis can be repeated at any geographic level.  Using E-STAT, students can extract the same variables for the 49 counties, districts, and regional municipalities in Ontario and repeat the analysis.  For further analysis of the relationship, students should look at the 2001 Census results on the relationship between education and income.  They will find this at http://www12.statcan.ca/english/census01/products/highlight/Earnings/Index.cfm?Lang=E.  
3) The same process can be repeated using similar data available on E-STAT from other censuses so that changes in the trends over time can also be examined.
4) More in-depth analysis can also be carried out of the same topic using 2001 or 1991 Census microdata file subsets available on the Statistics Canada data page for mathematics at http://www.statcan.ca/english/kits/courses/math2.htm. 


Evaluation

Students can be evaluated formally using the rubric provided below and/or informally evaluated on their work habits and computer skills. 

	Level 1
	Level 2
	Level 3
	Level 4

	Follows the investigation instructions with considerable assistance.
	Follows the investigation instructions with some assistance.


	Follows the investigation instructions with very little assistance.


	Follows the investigation instructions with no assistance.



	Draws conclusions and inferences with little reference to the data.
	Draws conclusions and inferences with some reference to the data.
	Draws conclusions and inferences with reference to the data.
	Draws insightful conclusions and inferences with reference to the data.
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Student Instructions – E-STAT




Finding the right table using Search Census
1) At the E-STAT Table of contents, on the left tool bar, click Search Census. 

2) Under Census, select 2001 Census and click Go! 
3) Under 2001 Census, select 2001 Census of Population, (46 Large Urban Centres, Census Tracts (neighbourhoods)) from the drop down list and click Go! 
4) Under Profile Selection, select 2001 School Attendance, Education, Field of Study, Highest Level of Schooling and Earnings from the drop down list and click Go! 

Geography and Characteristics selection
1) Under Geography, select an urban centre with fewer than one hundred census tracts.  
2) Under Characteristics, click on the View checklist button and then select the following variables: 

· Total population 20 years and over by highest level of schooling, 20% Sample Data. 
· With bachelor's degree or higher, university, population 20 years and over by highest level of schooling. 

· Average employment income $, worked full year, full time, population 15 years and over with employment income. 
Once you have checked off the appropriate boxes, click on the  Back to Main Selection Form button.
Expressing data as percentages
E-STAT has basic computation capabilities and the results can be displayed as graphs or maps.  To convert the schooling data to a percentage of the total population (the first variable in this example):

1) Click the Table Areas as Rows icon at the bottom of the screen. 

· This produces a table where each row represents the data values for one census tract within the selected urban centre.  The first column displays the census tract numbers.  By default, the rows are displayed in order by census tract number. 

2) At the bottom of the table, click the radio button beside Data as % of 1st characteristic. 

3) Click on the Redisplay As: button. 

· This produces a table showing the university education level (bachelor’s degree) as a percentage of the total population 20 years and over.
Note: When we compute the percentages of the total population by level of schooling, the income values in the table remain unaffected.  This is because E-STAT recognizes which variables are absolute counts (e.g. the schooling level) and which are relative variables (e.g. average income) and computes percentages based on the data type.

Sorting the Data
We can also sort the table in ascending order by any of the characteristics in the table.  For example, to sort by average employment income, follow the instructions below.

1) Click the radio button Sort on data for the 2nd characteristic. 

2) Click on the Redisplay As: button to view the results. 

*****Go to your worksheet and answer E-STAT Questions #1-2.*****

Mapping the Data

Producing a Map of the Census Tract data
Maps help us visualize and better understand the areas for which we are looking at data. To produce a statistical map:
· Click the Map icon under the graph.
By default, this produces a colour shaded map of the first characteristic (in this exercise: percentage with a bachelor's degree) with 7 classes, as shown below.  This type of map can be useful in identifying census tract areas with the selected characteristics.  Furthermore, the frequency histogram to the lower right of the map can be used to assess the distribution of the data for the selected areas (e.g. normal, skewed or bimodal) .
Specifying titles for the map
1) Click the Specify titles button above the map. 

2) Write a title in the Title box, such as '% with bachelor's degree or higher, population 20 years and over, 2001 Census'. 

3) In the Subtitle box, enter the name of your urban centre with the number of census tracts. 

4) Click on the Redraw button. 
*****Go to your worksheet and answer E-STAT Questions #3-4.*****

You will need to paste your map into your worksheet.  To do this, right-click on the map and select Copy.  Then, select Paste (by right-clicking) when you are in the Student Worksheet document.
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Producing a Scatter Graph
E-STAT can also produce a scatter graph to show the relationship between any two variables.  In this exercise, we want to see if there is a relationship between schooling levels and average employment income for census tracts.
1) To produce a scatter graph with the line of best fit shown, click the Scatter Graph icon with the line of best fit below the map.

2) If desired, we can modify the graph’s labels by clicking on the Modify Graphic button below the graph.  For example, enter % with bachelor’s degrees vs. average employment income, [your urban centre] in the Title box.  Then enter % with bachelor's degree or higher in each census tract, 2001 Census in the Subtitle box.  Turn on the Grid check box, so that a grid will be overlaid on the graph.  Click on the Redraw button.  
*****Go to your worksheet and answer E-STAT Questions #5-8.*****

You will need to paste your graph into your worksheet.  To do this, right-click on the map and select Copy.  Then, select Paste (by right-clicking) when you are in the Student Worksheet document.

E-STAT enables you to easily produce scatter graphs with lines of best fit for assessing potential relationships between any two variables.  However, E-STAT cannot currently output the equation of the line of best fit or the r2 value.  To obtain this information, we can export the data from E-STAT to analytical software. 
Student Instructions
Using Analytical Software with E-STAT Data
Retrieving the Data from E-STAT

1) Below the scatter graph, click on the Table Areas as Rows icon.

2) Highlight the data by clicking and dragging and select Copy by right-clicking. 

Loading the Data into your Analytical Software Program
1) Switch to your analytical software program.

2) Paste the data that you have copied from E-STAT.

3) You may want to edit the attribute names and the file name if you find them too long.  For example, you may wish to rename Average employment income $, worked full year, full time, population 15 years and over with employment income as Average employment income and With bachelor's degree or higher, university, population 20 years and over by highest level of schooling as % with bachelor’s degree or higher.

4) Save your document as Income vs. Schooling.

Graphing the Data

1) Make a graph showing the variation in average income versus the schooling level by plotting % with bachelor’s degree or higher on the x axis and Average employment income on the y axis.

2) Overlay a least-squares line on your graph in order to obtain a line of best fit and coefficient of determination (r2).
· You can also add a residual plot to help you assess the quality of the fit of the least squares line.
*****Go to your worksheet and answer Data Analysis Questions #1-10.*****

You will need to paste your graph into your worksheet.  The method for this varies by data analysis program.  Ask your teacher for instructions if you are unsure.
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Student Worksheet – E-STAT

Name ________________________
1) What are the minimum and maximum values for average employment income by census tract within the selected centre?

________________________________________________________________________________________________________________________________

2) How might education level affect average employment income?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3) Paste the map of your chosen urban centre here.

4) After examining the frequency histogram to the right of the map, describe the distribution of census tract values for university education level within your selected urban centre.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5) Paste your scatter graph here.
6) Is the line of best fit a reasonable model for predicting the behaviour of average income as a function of percentage of university graduates within an area?  Why or why not?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

7) What does the slope of this line of best fit represent? ____________________________________________________________________________________________________________________________

8) What is the approximate slope of the line for your selected centre? ___________
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Student Worksheet – Data Analysis


Name __________________________

1) Paste your scatter graph with line of best fit here.

2) Write the equation of the line of best fit in y = mx + b form. _______________

3) What variable corresponds to x? _________________​__________________

4) What variable corresponds to y? ___________________________________

5) What is the slope of the line of best fit? _____________

6) What is the y-intercept of the line of best fit? ____________

7) Write a description of the pattern on this graph. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

8) Write a possible explanation for the pattern on this graph. ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

9) What is the co-efficient of determination (r2)? __________

10)  What does this co-efficient of determination (r2) mean? ____________________________________________________________________________________________________________________________


1) 


Sample Map and Graphs produced using Oshawa data

1) E-STAT Map
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2) E-STAT Scatter Graph
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3) Scatter Graph using Analytical Software







Note: E-STAT offers three different types of maps (proportional circle, dot, and shaded) and several options for selecting class intervals and colours.  For details, click Help with this page on the left navigation bar under Search Census.





Hint: Additional details on � HYPERLINK "http://www.statcan.ca/english/edu/power/ch9/scattergraphs/scatter.htm" �Scatter plots� scatter graphs are available in Statistics: Power from Data! at � HYPERLINK "http://www.statcan.ca/english/edu/power/ch9/scattergraphs/scatter.htm" ��http://www.statcan.ca/english/edu/power/ch9/scattergraphs/scatter.htm� 
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