Graphical Calculator Help Sheet – Guide to Keys for Activities 1, 2 and 4
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Linear Graphing using Texas Graphics Calculators 
Activity 1:  Linking Co-ordinates, Tables, Graphs & Equations
Using this resource in conjunction with Graphics Calculators will improve your students’ understanding of mathematics because the pupils can use the overlays to check their answers, observe the effects of varying values in either tables or equations and how this impacts on the graphs.  Time and accuracy are gained by the calculator producing the graphs and therefore the pupils can not only produce far more examples in the time but also move their understanding forward rapidly by reflecting on the instant, impartial feedback.  
Suggested preparation for teaching:  Ensure that you can demonstrate the use of the graphics calculator through using emulator software, a view screen and OHP or at least a poster to display the position of buttons.  The page with pictures of graphs can be copied onto photocopier grade OHP film or the like if Graphics Calculators are to be used, the other page can just be copied onto paper or card.  The pupils can cut these out and if using overlays, this should be done reasonably accurately so that they fit exactly onto the calculator screen.

Outcomes:  Depending on the task attempted by the pupils, they will have a greater understanding of plotting co-ordinates, the link between differences and gradient on a graph, sequences and their equations and perhaps how these sequences relate to the equation and position of the corresponding line graphs.  
Follow-up/extension:   This activity can be done at a variety of levels and may be differentiated easily depending on the task set or the types of cards given to different individuals.  At the most basic level pupils could be given the pictures of the plotted co-ordinates and or the tables of values to match.  Another level would be to use L3 to enter and check an nth term expression.  (Note this must be entered in the heading of the column and then check that it matches with L2).  Combining tables and line graphs or tables, line graphs and equations is another level or perhaps just tables and equations where they would have to check that the line for their equation goes through the plotted co-ordinates.

Specific instructions:  Note that the pupils must be told the limits for their axes if their graphs are to match.

· To set up axes:  Press Window and set up as shown in the first screen shot if you are using overlays.  Note that pupils must use the negative button [image: image68.png]


rather than the subtract button[image: image2.png]


.

· To get the grid as well as axes use 2nd Format and ensure the screen is like my second screen shot: 

· To plot the points from a table use 2nd Stat Plot and set up like my third screen shot: 

· To enter values in a table press Stat, Enter, then enter 1,2,3... in L1 and the values of the sequence in L2.  If they want to check an nth term expression this can be typed into the HEADING of L3 and check that the values are identical to those in L2
· To enter an equation of a line graph:  Press y=, and enter an equation using the x,T,θ,n button to insert x.

· To view the graph:  Press the Graph button.  

Prior knowledge :  None necessary as even how to plot co-ordinates could be derived from this activity.

Key questions:  Questioning can focus on how the co-ordinates are plotted, differences in numbers in the sequence, how these differences relate to the position of the co-ordinates or the gradient of the graph, how the differences relate to the nth term or the equation of the graph etc.   
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Linear Graphing using Texas Graphics Calculators 

Activity 2:  Graph Matching (y=mx+c)
This will improve your students’ understanding of mathematics because the pupils can observe the effects of varying one or other of the values in their equations and check how close their graphs are to a complete match.  Due to the time saved by the calculator plotting the graphs, they can not only produce far more examples in the time but also move their understanding forward rapidly by reflecting on the instant, impartial feedback.  In this case, the calculators allow the pupils to play with the mathematics virtually without fear of mistake, inaccuracy or wasting precious time.  This efficiency in enhancing their understanding cannot be reproduced without the aid of ICT.

Suggested preparation for teaching:  Ensure that you can demonstrate the use of the graphics calculator through using emulator software, a view screen and OHP or at least a poster to display the position of buttons.  The resource needs to be copied onto photocopier grade OHP film or the like.  The pupils can cut these out and this should be done reasonably accurately so that they fit exactly onto the calculator screen.
Outcomes:  Pupils will have a greater understanding of the purpose of m and c in equations of the form y = mx + c and what effect varying them will have on the graph.
Follow-up/extension:  Note that the level of difficulty can be easily adapted to suit by creating easier or more complicated sets of slides using either emulator software or TI Connect software.
In a following lesson a “speed dating” and human sculpture activity could be done – See Activity 3
Another possible graphics calculator task would be Curve Stitching – see Activity 4
Specific instructions:  Note that the pupils must be told the limits for their axes if their graphs are to match.

· To set up axes:  Press Window and set up as shown if you are using my resource.  Note that pupils must use the negative button [image: image39.png]


rather than the subtract button[image: image40.png]


.
· To enter an equation:  Press y=, ensure that Plot 1, 2 and 3 are not selected.  Enter an equation using the x,T,θ,n button to insert x.

· To view the graph:  Press the Graph button.  Pupils should then try to adjust their chosen values of m and c until they get a perfect match with the slide they are working on.

Prior knowledge :  None necessary but I usually do this activity after pupils have plotted some graphs by hand or have considered how differences in sequences affect the expression for the nth term. 

Key questions:  Initially questions should help pupils to differentiate between the effect of varying m and c in the equation.  Secondly, questions on identifying the effect of increasing or decreasing their chosen variable.  Also many pupils do not naturally consider a negative multiplier nor a fractional one. 
Activity 2 - Linear Graphs Matching Activity
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Answers
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Linear Graphing using Cameras
Activity 3:  Speed Dating and Human Sculptures

This will improve your students’ understanding of mathematics because the pupils will need to apply their understanding of y=mx+c through a kinaesthetic activity.  The following discussion based on the pictures taken not only will engage more visual pupils but also engages the pupils as they have a sense of ownership of the work being considered.  Being able to look at the electronic record (photos) of their work will provide an intrinsically interesting resource which can be used to evaluate the understanding and misconceptions of groups of pupils.
Suggested preparation for teaching:  Ensure that you either have a camera that can be connected easily to a laptop or a means of downloading so the photos can be displayed in the second part or a subsequent lesson.  Copy the Speed Dating sheet onto card and cut up so that each pupil can have one.  Be prepared to move the furniture in your room or book a larger space as the pupils will need room to move around and form their “sculptures”.
Outcomes:  Pupils will have a greater understanding of the purpose of m and c in equations of the form y = mx + c and what effect varying them will have on the graph.  Because this is both a kinaesthetic and an active activity, a greater proportion of the pupils will be effectively engaged.
Follow-up/extension:  Note that the level of difficulty can be easily adapted to suit by creating easier or more complicated speed dating cards for the whole class or for specific individuals.  As the lesson progresses the conditions set can be more complicated, eg to find someone with a perpendicular gradient to yours, make a group of 3 with 2 parallel lines and 2 with the same intercept etc.  The same idea can be extended to demonstrating quadratics, cubics, or pairs of pupils can sculpt reciprocal graphs.

Specific instructions:  Each pupil should be given a card with the equation of a line graph, asked to find another person with a particular condition (eg a parallel line) then asked to use their bodies to display these lines.  The teacher can take pictures of these sculptures.  This can then be repeated with another condition for speed dating.  

Later in the lesson, or in the following lesson the pictures can be displayed and discussed by the class who have to give possible equations, explain by looking at the sculpture what the equations might have in common or given the equations explain what was wrong with the sculpture.  An example of a sculpture is shown to the right.  The pupils were trying to display y=-2x + 1 and y=-2x+3.

Prior knowledge :  Some understanding of y=mx+c.  

Key questions:  Initially questions should help pupils to focus on the effect of varying m and c in the equation.  Secondly, questions on identifying the effect of increasing or decreasing their chosen variable and how they might show this with their bodies.  Some pupils might need to consider whether their picture is right for a person looking at them, or as they view themselves – the teacher might also need to consider whether this will confuse the pupils or whether they would be better to photograph the pupils from the front or behind them.
Activity 2 – Speed Dating and Human Sculpture – These are a possible set of cards, one to be given to each pupil.
	y = 2x + 3
	y = 3x + 3
	y = x + 3
	y = -2x + 3
	y = ½x + 3

	y = 2x + 1
	y = 3x + 1
	y = x + 1
	y = -2x + 1
	y = ½x + 1

	y = 2x 
	y = 3x 
	y = x 
	y = -2x 
	y = ½x 

	y = 2x - 2
	y = 3x - 2
	y = x -2
	y = -2x -2
	y = ½x -2

	y = 2x - 4
	y = 3x - 4
	y = x - 4
	y = -2x - 4
	y = ½x - 4


Linear Graphing using Texas Graphics Calculators 

Activity 4:  Curve Stitching
This will improve your students’ understanding of mathematics because they will need to apply their knowledge of y=mx+c to create the full design.  For weaker pupils the “first half” of the design could be done using trial and improvement in a similar way to the graph matching task.  As a minimum this will consolidate their understanding of the effects of m and c.  However, to complete  the “top half” of the design suggested, they will need to apply their understanding of gradients in reverse in order to accurately find the y-intercepts.   Again the pupils will benefit from the instant, impartial feedback provided by the calculators.  
Suggested preparation for teaching:  Ensure that you can demonstrate the use of the graphics calculator through using emulator software, a view screen and OHP or at least a poster to display the position of buttons.  Prepare some square dot paper of an appropriate size for the design.  
Outcomes:  Pupils will have a greater understanding of the purpose of m and c in equations of the form y = mx + c and be able to utilise the gradient to find other points on the graph – the y-intercept.  
Follow-up/extension:  This work is easily differentiated by the complexity of the design being attempted.  It could be followed up by investigating the families of equations for different sized pictures and trying to generalise these.  The lower half is relatively easy to generalise however the upper half is considerably harder.  (My solutions to these generalisations can be found on the following page.  Note that in this part of the work the graphics calculator is being used as a tool to check their generalisations rather than as a device through which their understanding is developed.  However, without this “tool” the task would take significantly longer and risk pupils making unrecognised mistakes or completing the task at a drastically simpler level.


Specific instructions:  The pupils start with curve stitching (with pencil and paper preferably on the same sized grid of square dot paper).

Now on the Graphics Calculators

First set up the grid in Format and set as shown.

Next set up the axes in Window from 0 ~ 5 on both axes.  

Once the pupils are ready I ask them to input the appropriate equations to recreate their design on the graphics calculators.  
Prior knowledge :  A basic understanding of y=mx+c 

Key questions:  Initially questions should help pupils to focus on the y-intercept and finding the gradient from the key joining points on their diagram.  In completing the second half questioning should lead pupils to use the gradient to step backwards to find the y-intercept or for more able pupils considering how they could use a single co-ordinate and the gradient to find the equations of the lines. 
Here is an example of a 5x5 curve stitching design with its associated equations.
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Activity 4:  Curve Stitching – My Generalisations.

There are many ways the pupils could approach this.  It is of value for pupils to consider using the original values in the gradient rather than cancelling and also to consider whether writing their equations explicitly or implicitly will advance their generalisations. Here are some of my thoughts:

The Lower Half

For 5x5 and 6x6 grids the answers for the lower half are:

y= -5/1 x + 5



y= -6/1 x + 6

y= -4/2 x + 4



y= -5/2 x + 5

y= -3/3 x + 3



y= -4/3 x + 4

y= -2/4 x + 2



y= -3/4 x + 3

y= -1/5 x + 1



y= -2/5 x + 2






y= -1/6 x + 1

· Notice the relationship between the numerator and denominator of the gradient always adds to one greater than the grid size if the fractions are not cancelled.

· Notice that the constant term is the same as the numerator.

Therefore if I define the grid size as n, and a and b such that a + b = n + 1 where a,b Є N, the lower half equations are all of the form 


y = -a/b x + a



The Upper Half

For 5x5 and 6x6 grids the answers for the upper half are:

y= -5/1 x + 25




y= -6/1 x + 36

y= -4/2 x + 11




y= -5/2 x + 16

y= -3/3 x + 7




y= -4/3 x + 10

y= -2/4 x + 5.5




y= -3/4 x + 7.5

y= -1/5 x + 5




y= -2/5 x + 6.4







y= -1/6 x + 6

Although the gradients follow the same pattern as before, the constant terms do not appear to follow a pattern.  However if the equations are considered implicitly, more ground can be made.  Here are the same equations with one co-ordinate from the graph:

1y= -5x + 25

(5,0)


1y= -6 x + 36

(6,0)


2y= -4 x + 22

(5,1)


2y= -5 x + 32

(6,1)

3y= -3 x + 21

(5,2)


3y= -4 x + 30

(6,2)

4y= -2 x + 22

(5,3)


4y= -3 x + 30

(6,3)

5y= -1 x + 25

(5,4)


5y= -2 x + 32

(6,4)







6y= -1 x + 36

(6,5)

Some consideration of factors of the end term compared to the grid size or gradient values may yield the solution.  If not, we could consider generalising by using a co-ordinate and the gradient.

Now  
           y – y1 
= m(x – x1)

Note that x1 = n and y1 = b-1

      y – (b-1) 
=-a/b (x – n)

               by
= -a(x – n) + b(b – 1)

by  
= -ax + an + b(b – 1)
Alternatively, by treating the constants as a sequence relating to b we get 

by  
= -ax + b2– b(n+1) + n(n+1)
2
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Negative button





Subtract button





STAT button – use to get into the Lists area to put sequences in a table





X,T,θ,n button – use to put a variable in an equation





Graph button – use to view graphs of your equations





Y= button – use to input equations for graphs





Window button – use to set up axes





Format button – press 2nd function button first – use to format the axes
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