Image_and_Cursor – User’s Manual

The Image_and_Cursor applet can be used in curriculum modules in which students answer questions based on images like maps, drawings, or photographs. For example, in the Distances in Afghanistan module shown below students determine the distances between interesting points in Afghanistan,  The map used in this module comes from the CIA World Factbook 2001 -- http://www.cia.gov/cia/publications/factbook/ 

Like other applets in the MathDL Lite Applets Project, Image_and_Cursor is designed to be used by instructors and curriculum developers in many ways.  At the most basic level, an instructor can modify one of the Image_and_Cursor curriculum modules in MathDL by changing the image used or by making other small changes to customize it for their own use.  At a more advanced level, instructors and curriculum developers can develop entirely new modules using the Image_and_Cursor applet.  Complete instructions for using the applet are contained in this document and in its appendix.
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This manual includes three examples using the Image_and_Cursor applet.  The three examples are increasingly sophisticated. 

· Distances in Afghanistan uses basic html and Image_and_Cursor’s ability to determine the coordinates of individual points on an image.  This module can be used to illustrate the Pythagorean Theorem or the distance formula on a plane.  It can be used by students in middle school through college.  Students need to know how to compute square roots either “by hand” or using a calculator or computer. 

· The Border Between Afghanistan and Iran uses Image_and_Cursor’s ability to record the coordinates of a series of points on an image.  It also uses the possibility of dragging (or cutting-and-pasting) data from a browser to a spreadsheet or computer algebra system for analysis.  This module is intended to help students discover the idea of approximating the length of a complex curve – in this case the border between Afghanistan and Iran – by using a polygonal path.  It can be used in high school or college.  Students should be able to use a spreadsheet or computer algebra system for calculations involving sums and square roots.

· Describe the Squirt uses Javascript and forms, to show how an instructor or curriculum developer can develop an interactive module using Image_and_Cursor.  In this example, students analyze the trajectory of water squirting from a drinking fountain.  They are given immediate feedback in the form of seeing their curve superimposed on the original image.  This module can be used in high school or college algebra courses.

Distances in Afghanistan:

The screenshot on Page 1 shows a simple module that uses the Image_and_Cursor applet.  Students are presented with a live map of Afghanistan and are expected to determine the distance between various cities.  The Image_and_Cursor applet enables the student to find the coordinates in pixels of any point on the map as follows:

· Move the cursor to the desired point.  The student can move the cursor to the rough location of the point by clicking on the map at the desired point.  The student can fine tune the choice by clicking on the arrows above, below, to the left, and to the right of the map.  Each click moves the cursor one pixel in the direction indicated by the arrow.

· Once the cursor is positioned at the desired point the student can read its coordinates just to the right of the top of the map.  The coordinates are measured in pixels with the origin at the bottom left of the map.

The first question asks the student to determine the distance from Kandahar to Kabul.  He or she is expected to do the following:

· Find the coordinates of Kandahar in pixels.

· Find the coordinates of Kabul in pixels.

· Use the Pythagorean Theorem to determine the distance measured in pixels from Kandahar to Kabul.

· Use the scale at the bottom of the map to determine how to convert from distance measured in pixels to distance measured in miles or kilometers.

· Convert the distance measured in pixels from Kandahar to Kabul to distance measured in miles or kilometers. 

This module can be customized in many simple but effective ways—for example, you can change the map to another map or to any image (either jpeg or gif) by changing a few lines in the html code that calls the Image_and_Cursor applet.  This code is shown below.
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</APPLET>
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Tnage_and_Cursor.class” width = 500 height = 458>
“applet_width" value >

“applet_height" value = "458">

“image_width" value = "351">

“image_height" value = "378"

“backdrop_filenane” value = "AF-MAP.JPG">

“display_placement” value =

“display_sw’ value = "0">





Three of the parameters must be changed to use a different image.

· The image_width parameter must be changed to the width (in pixels) of the new image.

· The image_height parameter must be changed to the height (in pixels) of the new image.

· The backdrop_filename parameter must be changed to the name of the new image file.

In addition, you may need to change the size of the applet and the layout of the page.  To change the size of the applet you must do the following:

· Change the width and height values inside the <APPLET> tag to the new values.

· Change the value of the applet_width parameter to the new applet width.

· Change the value of the applet_height parameter to the new applet height. 

As a start the applet width should be about 150 pixels greater than the image width and the applet height should be about 80 pixels greater than the image height.  The layout and appearance of the page can be changed using a combination of html and more advanced applet parameters for the Image_and_Cursor applet.  These additional, more advanced parameters, are described in the Appendix. 

The Border between Afghanistan and Iran:
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Mark point

List points

Clear points

Using this Live Map

Click anyplace on the map to move the cursor to that
point

Notice the readout at the upper right gives the location
of the cursor measured in pizels from the lower left
commer of the map

‘You can fine tune the location of the cursor by dlicking
on the four arrows at the left, right, top, and bottom of
the map. Each dlick moves the cursor one pixel in the
direction indicated by the arrow.

Use the scale printed at the bottom of the map to
determine how to convert distances measured on the map
in pieels to distances on the ground measured in miles or
idlometers

Click the blue button, labeled "Mark point," to record.
the coordinates ofa point. Click it each time that you
have moved the cursor to a new point whose coordinates
you want to record.

Click the red button, labeled "Show points." to display
the coordinates of the points whose coordinates you have
recorded. A new wandow will appear with the
information that you have recorded.

Click the black button, labeled * Clear points.” to clear
the list of recorded points

In this new window select the coordinates of the points
in the usual way using your mouse and then copy them
by pressing command-C in the MacOS or CTRL-C in
Windows

Open your favorite spreadsheet and use paste to enter the
coordinates that you just copied.

Use this spreadsheet to do the arithmetic needed to
determine the length of the border between Afghanistan
and Iran




This module asks students to determine the length of the very irregular border between Afghanistan and Iran.  They are expected to discover the ideas of approximating that border by a polygonal path; using the Pythagorean Theorem to determine the length of each segment of the polygonal path; and adding these lengths to obtain an estimate of the length of the border.  This module illustrates two new features of the Image_and_Cursor applet.

· At the right of the map there are three new buttons.  The top (blue) button records (or marks) the coordinates of each point indicated by the student.  The student is expected to pick selected points along the border between Afghanistan and Iran.  These points should be vertices along a polygonal path approximating the border.  The student positions the cursor at each of these points in turn.  When he or she is satisfied with the position of the cursor for a particular point, he or she clicks the blue button labeled “Mark point.”

· The applet is designed so that the coordinates of the points indicated by the student can be placed into a spreadsheet for further computation.  The student follows the following steps:

· First open a blank spreadsheet.

· Click the red button labeled “List points” in the applet.  This will open a new window, shown below, with the coordinates of the points marked by the student.
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· Highlight the text in this list by clicking and shift-clicking the mouse or by clicking and dragging the mouse.

· Copy-and-paste or drag the highlighted text into the open spreadsheet.

Next, the student uses the spreadsheet to make the necessary calculations as shown below.

	31
	220
	

	25
	210
	11.6619

	23
	195
	15.1327

	16
	192
	7.6158

	18
	184
	8.2462

	12
	179
	7.8102

	11
	165
	14.0357

	19
	162
	8.5440

	9
	150
	15.6205

	16
	126
	25.0000

	14
	106
	20.0998

	33
	99
	20.2485

	37
	87
	12.6491

	12
	59
	37.5366

	
	
	

	
	
	204.2010



The first two columns of this spreadsheet contain the data from the applet. The third column contains computations of the length of each segment and the sum of those lengths.


Finally, the student converts the length of the border in pixels to its length in kilometers or miles using the scale at the bottom of the map.


The third (gray) button, labeled “Clear points,” clears the list of marked points, enabling the student to begin a new, blank list of points – for example, to determine the length of another segment of Afghanistan’s border.

Describe the Squirt:
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The photograph above shows water squirting from a viater fountain_ Your job is to find a function y = £(x) describing the
curve formed by the squirting water. As part of describing the function (<) you will need to specify its domgin -- that is, the
lowest and highest values of the variable x

You can dlick on the photograph above to find the coordinates of the point at which you dlicked. You can fine tune the point
by dlicking at the arrows at the four sides of the photograph. each click on an arrow moves the cursors one picel in the
direction indicated by the arrow.

You must enter three items in the form below to describe the curve formed by the squirting water. The first two items specify
the domain of the function f(x) and, thus, the part of the photograph above containing the curve formed by the squirting
water_The third item is an algebrai expression — like %3 - x + 12, for example - that defines the function f(x) that
describes the shape of the curve,

After you have entered the three items in the form below, click the "Try it!!" button to see the curve superimposed on the
photograph.

Low end of the domain lowest value of x
High end of the domain highest value of x

The function f(x) [Enter an aigebraic expression dsfining he funcion )

After you have found a function that you are reasonably happy with that describes the curve formed by the squirting water,
discuss why it does not do as good  job as you might have hoped.




This example shows the power of using the Image_and_Cursor applet together with html forms and Javascript to create highly interactive curriculum materials.

The student is given a photograph showing water squirting from a drinking fountain and asked to find a function describing the curve formed by the squirting water.

There are many possible solutions but, however the student describes the curve, the most important part of the module is discussing why the curve does not fit the data (the photograph) as well as might be hoped.  The point of this module is mathematical modeling – the process of using mathematics to describe real world phenomena.  The most important part of modeling is going back-and-forth between reality and mathematics, building progressively better understanding of a real world phenomenon and the mathematics that describes it.

One possible solution is obtained by looking for a parabola that fits the curve as follows;

· First, find the location of the vertex of the parabola.  It is roughly (244, 204).  This tells us that the parabola is of the form

[image: image6.wmf]
where c is a constant to be determined.

· Next, find the location of a second point on the parabola.  One possibility is the point (416, 35).  This enables us to determine the value of the constant  c.  It is roughly 175.  Thus, the function we are looking for is

[image: image7.wmf]
· Finally, we need to determine the domain of the function f(x) by finding the x-coordinates of the two ends of the curve formed by the squirt.  One possibility is the interval [14, 416].

Now we enter the appropriate information in the form.
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and press the “Try it!!” button to see our curve

[image: image9.png]The Curve and the Water Fountain
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Notice that the curve is far from perfect.  There are many factors that might account for this.  One possibility is that the water pressure is uneven.  There is some evidence for this on the left side of the curve formed by the squirt.  Notice how irregular this part of the curve is.

The html code below shows how forms can be used to enable the student to enter the information required to describe the curve.
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The real heart of this module is the use of Javascript to control the Image_and_Cursor applet in order to superimpose the curve on the photograph.  Notice that in the form above the “Try it!!”  button calls the Javascript function respond() when it is clicked.  The Javascript code for this function is shown on the next page
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focunent .response.x_low.value
= docunent .response .x_high.value
tocument: .response.y_of _x.value

pen(*”, "unusednane”)

writeln(" ditnl><heaci-<t it LesThe Curve and the Water Fountaine/tit Les</heads<bodys
writeln(" enter>Hi>The Curve and the Water Fountain/His</centers</p>")

“applet_width" value
‘applet_heignt " value
*inage_vidth’ value
inage_height" valus = 223>
“backdrop_filenane ' valus = “water_fountain_
display_su’ value = 'B

‘display_placenent ' value
eurve_si’ value
eurven’ valus
eurve_calor " value - ‘2550008

writeln* coran
writeln* coran
writeln* coran
writeln* coran
writeln* coran
Luriteln("paran
writeln* coran
writeln* coran
writeln* coran
writeln* <coran

gif >

write("<paran nane - ‘ourve_a’ value = ")
urite(x_lov)
writeln

write(
Lurite(x_nigh)
writeln

eurveb value

write(
write(y_of x)
writeln(

eurve_y_of x value

writeln(" </appleta</centers</ps")
writen" </body></htnl>")
“elose()



.

Warning:  This code must be entered without pressing the Enter Key (or Return Key) in the middle of a win.document.write or win.document.writeln statement.  Essentially this code generates a new html page on the fly using the information entered by the student.

Parts list:

To reproduce the sample modules place the following parts in a directory on your Web site (whether it is located on your own hard drive or on another server).

· Image_and_Cursor.jar

· afghanistan_distances.html

· afghanistan_border.html
· water_fountain.html
· AF-MAP.JPG
· water_fountain_1.gif
Appendix: Optional Image_and_Cursor Parameters

Functional Parameters:

· The integer parameters cursor_x and cursor_y specify the x- and y-coordinates for the initial location of the cursors.  The default values place the cursor in the center of the image.

· The integer parameter display_sw specifies whether the display includes buttons enabling the user to record (or mark) the coordinates of the cursor and to display the list of marked coordinates in a format suitable for Maple, Mathematica, Excel or MathCAD.  If display_sw = 0 the buttons are omitted.  If display_sw = 1 then the buttons are displayed.  If display_sw = 2 then the mark and clear buttons are displayed but not the list button. The default value is 1.

· The integer parameter mark_sw controls whether or not a mark is placed on the image at each recorded (or marked) point.  It has five possible values:

· 0 – no marks are placed on the image.

· 1 – each recorded point is marked by a square.

· 2 – each recorded point is marked by a filled square.

· 3 – each recorded point is marked by a diamond.

· 4 – each recorded point is marked by a filled diamond.

· The integer parameter mark_radius specifies the size of the diamond or square used to mark each recorded point.  The default value is 3.  This causes diamonds to have sides of length 3 and boxes to have sides of length 7.

· The integer parameter mark_connect specifies whether or not lines are drawn connecting the marked points.  

· 0 – omit lines (default).

· 1 – draw lines.

· The integer parameter cas_sw controls the format of the list of marked cursor locations.  It has three possible values:

· 0 – formatted for Maple

· 1 – formatted for Mathematica

· 2 – formatted for Excel or MathCAD

The default value is 2

· The presence or absence of a curve and its definition are controlled by the following parameters;

· The integer parameter curve_sw specifies whether a curve should appear (curve_sw = 1, 2, or 3) or not (curve_sw = 0). 

·  If curve_sw = 1 then the curve is defined in the form y = y(x). 

· The string parameter curve_y_of_x is an expression defining a function y(x).  For example, (x – 50)^2/100 + 25.

· The double parameters curve_a and curve_b specify the range of the variable x.   For example, 50 and 150.

· The integer parameter curve_n specifies the number of segments used to show the curve.  The default value of curve_n is 100. 

· If curve_sw = 2 then the curve is defined parametrically in the form x = x(t) and y = y(t).

· The string parameter curve_x_of_t is an expression defining a function x(t) defining the x-component of the curve.  For example, cos(2 * pi * t)

· The string parameter curve_y_of_t is an expression defining a function y(t) defining the x-component of the curve.  For example, sin(2 * pi * t)

· The double parameters curve_a and curve_b specify the range of the variable t.  For example, 0.00 and 1.00.  Thesevalues of these two parameters can be expressions – for example, 1/2 or 2 * pi.

· The integer parameter curve_n specifies the number of segments used to show the curve.  The default value of curve_n is 100.

· If curve_sw = 3 then the curve is defined in polar coordinates.  This option is only available if the parameter polar_sw is set to 1 or 2.  See below for more details on the parameter polar_sw.  The curve may be specified either in the form r = f(theta) or r = f(t).

· The string parameter curve_r_of_theta specifies the function used.  For example, 2 * theta or 2 * t.

· The same parameters – curve_a, curve_b, and curve_n – as used above are used to determine the range of the variable t or theta and the number of segments in the graph.

The angle, t or theta, is always assumed to be given in radians.

· The curriculum developer can choose to display and record the coordinates of marked points using polar coordinates in addition to Cartesian coordinates.  See the screens below.
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The following parameters control this feature:

· polar_sw

· If  polar_sw  =  0 only Cartesian coordinates are displayed

· If polar_sw = 1 both Cartesian and polar coordinates are displayed.  Polar coordinates are displayed in radians.

· If  polar_sw  =  2  both Cartesian and polar coordinates are displayed.  Polar coordinates are displayed in degrees.

· polar_origin_x and polar_origin_y – the x- and y-coordinates of the origin used for polar coordinates.

· polar_color – the color used for the polar coordinate grid lines in the form RRRGGGBBB described below.  The default color is white – 255255255.

Appearance:

Colors:

Several sets of parameters control the colors used in the applet.  Each color is represented in the form RRRGGGBBB where RRR, GGG, BBB are  three integers, from 000 to 255 inclusive.  The three integers represent the intensity of the red component, the green component, and the blue component of the color.  If all three integers have the same value then the color is white (if all three are 255), black (if all three are 000) or a shade of grey.  Leading zeros may not be omitted.

· The background color is controlled by the parameter back_color.  The default background color is white.

· The color of the cursors is controlled by the parameter cursor_color.  The default cursor color is black.

· The color of the cursor controls and the display of the cursor location is controlled by the parameter controls_color.  The default color for the cursor controls and the display of the cursor location is black.

· The colors for the button the user presses to record (or mark) the current cursor location are controlled by two parameters.

· button_color controls the color of the button itself.   The default color is 064064255..

· shadow_color controls the color of the button’s shadow.  The default color is 000000128. 

· The colors for the button the user presses to display a list of the marked points are controlled by two parameters

· list_color controls the color of the button itself.  The default color is 255064064.

· list_shadow_color controls the color of the button’s shadow.  The default  color is 128000000.

· The colors for the button used to clear the list of recorded points and the marks that indicate them on the screen are controlled by two parameters
· clear_color controls the color of the button itself.  The default color is black.
· clear_shadow_color controls the colors of the button’s shadow.  The default color is 064064064.
· The colors for the marks placed where the user clicks are specified by the parameter mark_color.  The default color is black.  
· The type of mark used is specified by the parameter mark_sw.  Its possible values are

· 0 – no marks

· 1 – hollow squares

· 2 – solid squares

· 3 – hollow diamonds

· 4 – solid diamonds. 

· If there is a curve added to the image its color is controlled by the parameter curve_color.  The default color for the curve is black.

· If polar coordinates are used the red, green, and blue components of the color used for the polar coordinate grid lines are specified by the parameter polar_color.  The default color is white.

Placement and size:

The placement and size of certain elements is controlled by several integer parameters.

· The size of the margins around the image is controlled by the integer parameters margin_x and margin_y.  The first controls the size of the margin to the left of the image and the second controls the size of the margin above the image.  The default values of these parameters cause the image to be centered in the space allocated to the applet.

· The arrows that enable the user to change the location of the cursors one pixel at a time can be located in a cluster as a cursor pad or above, below, to the left, and to the right of the image.  Their location is controlled by three integer parameters.

· The parameter cursor_pad_sw specifies whether these controls arranged together as a cursor pad (if cursor_pad_sw = 1) or along the four edges of the image (if cursor_pad_sw = 0).  The default value is 0.

· If cursor_pad_sw = 1 then the parameters cursor_pad_x and cursor_pad_y specify the location of center of the cursor pad.

· The size of the arrows that move the cursor one pixel at a time is controlled by the integer parameter cursor_size.  The default value is 10.

· The size of the font used to print the cursor location is controlled by the integer parameter font_size.  The default value is 12.

· The location of the display showing the cursors current position and the location of the buttons pressed to record (or mark) the cursor’s location are controlled by several integer parameters.

· The parameter display_placement specifies whether these elements are placed to the right (if display_placement = 1) or below  (if display_placement = 0) the image.  The default value is 0.

· The parameter coordinates_left specifies the left edge of the coordinate display.

· The parameter coordinates_top specified the top of the coordinate display.

· The parameter button_left specifies the left edge of the buttons.

· The parameter button_top specifies the top of the buttons.

The default values for the last four parameters are computed based on the value of display_placement.  The curriculum developer should try the default values before deciding to specify different values.

· The width and height of the buttons are controlled by the integer parameters button_width and button_height.  The default values are 80 and 20, respectively.

· The thickness of the curve is controlled by the integer parameter curve_thickness.  The width  of the curve is 2 * curve_thickness + 1 pixels.  The default value of curve_thickness is 1, so the default thickness of the curve is three pixels.

User-Friendly Error Messages:


Users often make typing errors or other errors when they enter an algebraic expression – for example, in the module Describe the Squirt.  When this occurs the Image_and_Cursor applet displays a window with an error message like the one shown on the next page.
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As a curriculum developer, you can specify the last two lines of this message as shown below.
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These lines should tell the user how to correct the error.
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