Graphing

Introduction

Constructing and interpreting graphs is a skill that is widely used across the curriculum.  It is an important skill for students to master not only in the area of science, but in other disciplines such as geography and mathematics.  Students are introduced to this skill at a young age, and as they progress throughout their education they build on their previous knowledge.  Initially students are taught how to construct a simple line graph.  As they begin to understand this concept, they move on to more challenging areas which include, but are not limited to:
· Using a variety of graphs (i.e. line graphs, bar graphs, pie graphs)

· Knowing when to use a certain type of graph (i.e. appropriate to the data)

· Identifying independent and dependent variables

· Proper labeling of graphs

· Ability to draw a line of best fit

· Understanding the concept of slope

· Interpreting graphs to solve related problems

Graphing is an important skill that students will use after they have completed their formal education.  In the real world, graphs are used on a daily basis to communicate important information.  

Required Materials

The following materials are needed to teach this skill:
· Student Handout #1
· Student Investigation Worksheet
· Graph paper
· Ruler for each student
· Room to perform a class simulation
Safety
The only safety concern that teachers need to be aware of is when students are collecting the group data for the Oh Deer! simulation.  For this activity students are required to run around the room.  Teachers should make sure that the floor is clear in order to decrease the chances of students falling and injuring themselves.  As well, when students are constructing their graphs, they should be informed that the rulers are not to be used as swords or to poke other students. 

Curriculum Connections 

Since this is such a broad skill, there are numerous curriculum connections.  In this section I have listed all of the possible connections to the senior years curriculum (grades nine through twelve).  The magnitude of the Specific Learning Outcomes listed below indicate how important this skill is throughout the senior years curriculum, not to mention the importance in post-secondary education.
	S1-4-02
	Observe the motion of visible celestial objects and organize collected data.



	S2-1-06
	Construct and interpret graphs of population dynamics.



	S2-3-01
	Analyze the relationship among displacement, time, and velocity for an object in uniform motion.



	S2-3-02
	Collect displacement data to calculate and graph velocity versus time for an object that is accelerating at a constant rate.



	S2-3-03
	Analyze the relationship among velocity, time, and acceleration for an object that is accelerating at a constant rate.



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



	C11-2-05
	Experiment to develop the relationship between the volume and temperature of a gas using visual, numeric, and graphical representations.



	C11-2-06
	Experiment to develop the relationship between the pressure and temperature of a gas using visual, numeric, and graphical representations. 



	C11-4-06
	Construct, from experimental data, a solubility curve of a pure substance in water. 



	C11-4-08
	Use a graph of solubility data to solve problems.



	S3P-1-02
	Describe, demonstrate, and diagram the characteristics of transverse and longitudinal waves.



	S3P-1-06
	Describe, demonstrate, and diagram the characteristics the transmission and reflection of waves traveling in one dimension.



	S3P-1-07
	Use the principle of superposition to illustrate graphically the result of combining two waves. 



	S3P-1-10
	Describe, demonstrate, and diagram the reflection of plane (straight) and circular waves.



	S3P-1-11
	Describe, demonstrate, and diagram the refraction of plane (straight) and circular waves.



	S3P-1-14
	Describe, demonstrate, and diagram diffraction of water waves.


Teacher Procedural Sequence
NOTE – for the student assignment I will be focusing on SLO S2-1-06 - Construct and interpret graphs of 

                                                                                                                      population dynamics.

1. The skill of graphing will be introduced after students have examined various concepts (i.e. carrying capacity, population distributions, predator-prey relationships) in the ecosystem unit that use graphs to help students achieve a better understanding of the material. 
2. In order to teach this skill, students will use a data that is not related to the curriculum.  The purpose of this is to provide students with an opportunity to learn the skill without having to focus on learning new information at the same time. 
3. Students will be taught the necessary components of a graph.  In order to do this, students will be handed out a set of data with the accompanying line graph (see Figure 1). 
Figure 1. Data set and line graph showing the relationship between study time and grades 

               (Line graphs, 2006).

	Data Point
	Study Time (hrs)
	Grade (%)

	1
	0
	0

	2
	3
	15

	3
	5
	25

	4
	8
	40

	5
	10
	55

	6
	12
	60

	7
	15
	75

	8
	16
	80

	9
	20
	100
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4. The first step will be for students to give their graph a title.  In this example the title is “Grades and Study Time”.

5. Students will be taught that all graphs need to be properly labeled along the x-axis and y-axis.  At this point I will need to review that the x-axis is the horizontal axis, and that the y-axis is the vertical axis.
6. In order to label the axis’, I will review independent and dependent variables with the students.  I will explain that the independent variable is the variable which we control.  It is the variable that affects the dependent variable.  Or in other words, the dependent variable depends on the independent variable.  The dependent variable is expected to change when the independent variable changes.  I would ask my students, “in the example provided in figure 1, what are the independent and dependent variables?”
7. Once the variables have been designated, I would tell them that the independent variable goes along the x-axis and that the dependent variable is placed along the y-axis.   

8. As the next step we will determine appropriate methods for determining the scale along both axes. 
9. I will ask the students to write down the minimum and maximum values, also known as the range, for each variable.  Therefore, the study time range is 0 – 20 hours, and the grade range is 
            0 – 100 %.

10. I will explain to the students that when they are constructing a graph, they want it to take up a large portion of the page.  As well, all increments along both axes need to be uniform.  The units for each variable must also be clearly labeled on the graph.  

11. We will then examine figure 1 (it should be noted that this graph is being used solely to represent the different features of graphs and that the data is in no way significant or necessarily accurate).  We will use data point 5 as an example of how to graph each point.  I will get the students to locate 10 hrs on the x-axis and 55 % on the y-axis.  I will then explain to them that if they extend a line from each point on the x-axis and y-axis, that the point of intersection of these two lines is where their data point will be drawn.

12. I will ask the students to repeat step 11 for the remainder of the points in the data set to make sure that all of the data points were drawn at the correct point.

13. The last piece of information that needs to be taught is the line of best fit.  I will explain to them that this is a line on a scatter plot which can be drawn near the points to more clearly show the trend between two sets of data.  When possible, there should be an equal number of points on each side of the line.  This should be a straight line drawn with a ruler.    

14. I will also explain to my students that this line of best fit can provide a visual representation of the data.  The various data types can include (but are not limited to) (see Figure 2):

· Positive correlation (a) – as one variable increases the other variable increases
· Negative correlation (b) – as one variable increases the other variable decreases
· No correlation (c) – there is no correlation between the two variables 
Figure 2. Positive, negative, and zero correlation of data sets (Experiments, 1998).
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15. After drawing the line of best fit, students can be told that they have just interpolated their data, or, constructed new data points between known points.

16. I would ask my students, “what type of correlation is exhibited in figure 1?”

17. I would proceed to ask them, “what does the line of best fit indicate about the two variables?”  As a continuation of this question, I would ask them to write one or two sentences that explains the relationship between the number of hours spent studying and the grade received.  

18. Next I would describe the term extrapolation.  I would explain to my students that extrapolation is the process in which a line of best fit is extended beyond the data points to predict new data points.  I would ask my students, “when would this be useful?”

19. It is important when I teach the line of best fit that I emphasize the meaning of the line.  Students need to understand that this line indicates the connection between the two variables.

20. Lastly, I would introduce the term slope.  Hopefully students will be familiar with this term.  I would explain to students that:

M (slope) = Y2 – Y1 / X2 - X1
21. I would then ask my students to calculate the slope of the line in figure 1. 
22. I would then ask my students, “what does this number represent?”  I would imagine that students may have difficulty with this concept.  I would then explain to the class that if the slope in figure 1 is equal to 6, then students’ grades will increase by approximately 5 % for every hour spent studying.
23. This is the end of the instructional sequence which teaches students the necessary parts of a graph. 
NOTE - After students have finished constructing their graph from the Oh Deer! simulation and are attempting to draw a line of best fit, they may be inclined to conclude that there is no correlation between the data points.  In reality, there is a correlation between the data points.  The correlation is that as the number of deer increase, the number of habitat components decrease for the following “year”.  Therefore during the next “year”, the number of deer will decrease because there are not enough habitat components to support all of the deer.  During the next “year”, the deer will increase because there will be more than enough habitat components to support the deer.  This pattern will continue for the remainder of the activity.  It will be important to explain, and show, to students that the line of best fit will be not be one single line, but rather a number of straight lines joined together indicating the increase and decrease in the deer population.  This will cause disequilibrium for the students because they were taught that a line of best fit is one straight line with an equal number of points on both sides.  Many of them will be tempted to draw a horizontal line through the data points.  At this point I will explain to my students why a single line is not appropriate for this graph.
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Student Investigation - Graphing
Introduction

Graphing is an important communicative skill which helps us to visually analyze data.  The ability to construct graphs, and to interpret them accurately, is a useful skill that can be applied to many different topics.  The first part of this activity will be a class simulation which examines population dynamics.  Specifically we will be analyzing carrying capacity in an ecosystem.  After students have collected data, they will complete the questions on the handout.  The second part of this activity will be completed individually by all students.  In the second section, students will be given the opportunity to practice their graphing skills.  Students will practice constructing graphs as well as interpreting their graphs.  Students will construct graphs for three sets of data similar to that of the Oh Deer! simulation.  For each data set, make sure that all of the steps outlined in the instructions are followed.  After you have finished graphing the data, make sure to answer all of the questions at the end of the activity.

Materials
To complete these activities you will need the following:

· Student handout #1

· 4 data sets

· 4 pieces of graph paper

· Ruler

Part 1 – Class Simulation
1. This simulation will be completed as a group activity.

2. Students should refer to student handout #1 for instructions.

3. After the data has been collected be sure to answer all questions.
Part 2 – Individual Student Activity

Data 
	Data Set #1

	Year
	Number of Deer

	0
	5

	1
	10

	2
	15

	3
	20

	4
	25

	5
	30

	6
	35

	7
	40

	8
	45

	9
	50

	Data Set #2

	Year
	Number of Deer

	0
	81

	1
	72

	2
	63

	3
	54

	4
	45

	5
	36

	6
	27

	7
	18

	8
	9

	9
	0


	Data Set #3

	Year
	Number of Deer

	0
	25

	1
	27

	2
	28

	3
	23

	4
	24

	5
	24

	6
	26

	7
	28

	8
	25

	9
	26


Instructions
1. Using the three sets of data construct three graphs.  
2. Follow these steps when constructing your graphs: 
· Give your graph an appropriate title 

· Identify the independent variable

· Identify the dependent variable

· Label the x-axis (be sure to include units)

· Label the y-axis (be sure to include units)

· Determine the range of values for each variable

· Determine an appropriate scale for the x-axis and y-axis and mark them on your graph

· Plot each data point on the graph

· Draw a line of best fit
· Determine the slope for each graph

4. Is there any correlation between the variables in: 

i. data set #1: ____________
ii. data set #2: ____________
iii. data set #3: ___________
5. If your answer to question 4 was yes, explain what this correlation is.  If your answer to question 4 was no, explain why you think that there was no correlation.

i. data set #1: _______________________________________________________________

ii. data set #2: _______________________________________________________________

iii. data set #3: _______________________________________________________________

6. What can we infer about the quantity of habitat components available in each situation?

i. data set #1: _______________________________________________________________

ii. data set #2: _______________________________________________________________

iii. data set #3: _______________________________________________________________

7. In one sentence, explain the deer population for each data set.
i. data set #1: _______________________________________________________________

ii. data set #2: _______________________________________________________________

iii. data set #3: _______________________________________________________________

8. If we were to extrapolate the line of best fit for each graph, what do you predict the deer population would be at 20 years for each data set?  Support your answer.

i. data set #1: _______________________________________________________________

ii. data set #2: _______________________________________________________________

iii. data set #3: _______________________________________________________________

9. Determine the slope for each graph.  

i. data set #1: _______________________________________________________________

ii. data set #2: _______________________________________________________________

iii. data set #3: _______________________________________________________________
10. What does the slope represent for each graph?

i. data set #1: _______________________________________________________________

ii. data set #2: _______________________________________________________________

iii. data set #3: _______________________________________________________________
11. Do you notice a connection between the sign of the slope and the line of best fit correlation?  If  

      yes, what is the connection?  

i. data set #1: _______________________________________________________________

ii. data set #2: _______________________________________________________________

iii. data set #3: _______________________________________________________________

12. Predict, and draw a brief sketch, of what the graph would look like for the following situations:

· An infinite availability of all of the habitat components

· An ecosystem that goes one year without food or water due to natural disasters
· A ban is lifted on deer hunting in the area
· An unusually cold winter

· The introduction of an additional food source
13. What do you consider to be the most valuable part of this activity?

14. What is one aspect of graphing that you don’t understand?

a


Positive Correlation





Grade


(%)





Time (hrs)





b


Negative Correlation





c


Zero Correlation








Jenna McCullough


