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The same transformations applied to sound (described in the preceding module) can also be applied to 

images. Each individual dot within a picture on a computer screen is known as a picture element, 

abbreviated as pixel. 

 

Topic 14.1 Sound and Color 

The Pixels of Costume code block is used to display the values of the pixels. Each row in the 

illustration below represents one pixel within the image. The columns shown represent the red, the 

green, and blue components of pixels. A fourth component known as the alpha element controls 

transparency and opacity. 

  

  
 

The value of the pixels can be doubled by multiplying the value of the pixels by 2.  

 

  
 

Switching to a costume in which the pixels are doubled results in a new image that has a lighter shade 

than the previous image.  

  
 

Multiplying each sample in a list of sound samples by two results in a louder sound. Multiplying each 

pixel image by two results in a brighter image.  

 

If the Red, Green, and Blue columns are multiplied by zero, the color is removed from the image, 

leaving a black image. 
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The Alpha column (i.e., Column D) was multiplied by one, which has the effect of leaving each value 

unchanged.  

 

  
 
Essential Knowledge 

• CS Principle 3.3 Mathematical Expressions 

• CS Principle 3.10 Lists  
 

Application of Essential Knowledge 

The principles involved in manipulating lists of sound samples described in the preceding module 
(Acoustic Tools) are equally applicable to tables of picture elements (pixels). The primary 
difference is that four columns of information are required to describe a pixel. Mathematical 
operations on a table (i.e., a two-dimensional array) are termed matrix operations. In the same 
way that mathematical operations on a list of sound samples can be used to alter the quality of 
the sound, mathematical operations on an array of pixels can alter the attributes of an image 
 

Exploration 14.1 Sound and Color 

Create a sprite costume that is a rectangle composed of a single color. Use matrix operations to 
adjust the values of the pixels. How do these adjustments affect the sprite’s appearance? 

 
Topic 14.2 Controlling the Color of an Image 

Once the color has been removed from the image, it provides a blank canvas that can be used to 

explore the effects of adding different amounts of color back into the image. For example, if 255 is 

added to the Red column (i.e., Column A), the image becomes red. 

 

   
 

The numeric values of the Red, Green, and Blue columns after this operation are shown in the table 

below. 
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Now repeat the operation by removing the color from the image again. Then add back 255 (the 

maximum amount) to the second (Green) column. 

 

  
 

Was the result what you expected?  Repeat the operation for the third (Blue) column. 

 

The minimum and maximum pixel values range from 0 to 255:  a range of 256 values. The color 

values are stored in an eight-bit word in the memory of the computer. Each bit can record two states: 

either 0 or 1. Since two possibilities for each of eight bits yields a total of 256 possibilities, that is the 

maximum range of values that can be recorded for each color. For that reason, this color range is 

referred to as eight-bit color. (Some systems use 16 bits or 24 bits to record color values, which yields 

a much broader range of color possibilities.) 

 

The range of 256 possibilities could have been encoded as 1 to 256 rather than 0 to 255. (Both ranges 

have a total of 256 possibilities.) However, from the beginning of the computer age, computer 

scientists have always begun with 0 when counting.  

 

It is possible to put a value greater than 255 in the input slot. However, values greater than 255 do not 

have an effect on the color displayed.  

 

  
 

The fourth column, known as the alpha channel, controls the opacity of the image. A value of 255 or 

greater in this column will cause the image to be completely opaque.  

 
Essential Knowledge 

• CS Principle 3.3 Mathematical Expressions 

• CS Principle 3.10 Lists  

Application of Essential Knowledge 

Adding zero to a column leaves the values of the numbers in the column unchanged. In a similar 
manner, multiplying by one also leaves the values unchanged. This method can be useful in 
leaving the values of one column in a matrix unchanged while adjusting the values of other 
columns. 
 

Exploration 14.2 

Use the matrix operations described above to change the color of the sprite’s costume.  
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Topic 14.3 Removing Color from an Image 

To remove the color from the image and create an image that is completely opaque, a value of 255 

can be added to the fourth column (i.e., the alpha column).  

 

  
 

This will result in an image that has zero’s in the first three columns and 255 (the maximum value) in 

the fourth column. The result is an image that is completely opaque. 

 

  
 

A custom code block can be used to remove the color from an image, leaving the image opaque. This 

transformation can be convenient when the silhouette of an image is needed (for example). 

 

  
 

The illustration below combines the steps of removing color (through multiplication by zero) and then 

adding back in the desired value for a given column.  

 

  
 

If variables are created for each of the colors, sliders can be created to control the value of each color. 

A watcher that displays the value of each variable can be displayed on the stage by clicking the 

checkbox beside each variable name. The watcher can be converted to a slider control (as described in 

a previous module).  
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Essential Knowledge 

• CS Principle 3.3 Mathematical Expressions 

• CS Principle 3.10 Lists  

• CS Principle 3.13 Developing Procedures 
 

Application of Essential Knowledge 

The matrix operations described in this section combine the operations of addition and 
multiplication in a single code block. The power of matrix operations of this kind is that the 
operations are performed more efficiently than performing the same task with a loop in which the 
operation is performed on each element one number at a time during each iteration of the loop. 
 

Exploration 14.3 Removing Color from an Image 

Write a program that performs the operations described above using a loop. Compare the 
efficiency of the operation performed with a loop with the efficiency of the equivalent function 
performed with operators in the manner described in the preceding section. How does the time 
required to perform the operation with a loop compare with the amount of time required to 
perform the equivalent operation in which all of the numbers of a column are multiplied in a single 
operation? 
 

Topic 14.4 Color Mixer  

Right-clicking the displayed variable yields a drop-down menu that includes options to create a slider 

and set its maximum and mininum values. In this case, the minimum value set would be “0” and the 

maximum value would be “255”. 

 

  
 

Once the variables Red, Green, and Blue are used to control the values of each color (as shown in the 

illustration below), the sliders can be used to control the colors displayed in the image. The opacity is 

left unchanged. 
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Once the combined blocks are verified to work properly, they can be used to create a Color Mixer 

block. 

 

  
 

If the Color Mixer block is placed in a Forever loop, sliders for Red, Green, and Blue can be used 

to mix the colors of the image. 

 

  
 

Almost all paint and drawing programs provide a means of entering red, green, and blue values. 

Therefore, once a desired shade or color is identified, these values can be used in any paint program.  

 

  
 

The reverse is also true. If a combination of red, green, and blue values is identified in a paint or 

drawing program, these combinations can be used to dynamically adjust values in a computer 

program. 

 
Essential Knowledge 

• CS Principle 3.1 Variables and Assignments 

• CS Principle 3.3 Mathematical Expressions 

• CS Principle 3.10 Lists  

• CS Principle 3.13 Developing Procedures 
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Application of Essential Knowledge 

Use of sliders to control the color mixer is more efficient than directly revising the code blocks. A 
well-designed user interface can encourage exploration that would be tedious to implement 
through direct revision of the code.  

 
Exploration 14.4 Color Mixer 

Create a color mixer in the manner described in the preceding section. Then experiment with 
constraining the range of numbers controlled by the sliders to restrict the mixer to a specific color 
palette. 

 
Topic 14.5 Color Filters 

A color filter can be created by adding or subtracting the values of the pixels in the Red, Green, and 

Blue channels. For example, in this instance, a value of 50 has been added to each pixel in the Red 

channel. The bouquet of flowers has a distinctly rosy hue. 

  
 

Subtracting 50 from the value of the pixels in the Red channel results in an image that de-emphasizes 

red. 

 

  
 

A red filter can be created by using this method to increase or decrease the value of the pixels in the 

Red channel.  

 

  
 

The red filter makes it possible to explore the effect of increasing or decreasing the value of the pixels 

in the Red channel. 
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Construction of parallel green and blue filters can be used in creation of an Adjust _ Red _ Green 

_ Blue code block.  

 

  
 

The Adjust _ Red _ Green _ Blue code block makes it possible to interactively explore the effect 

of increasing the value of the red pixels in an image while simultaneously decreasing the value of the 

green pixels (for example). The illustration below has a distinctly red tinge, while the green colors are 

muted and de-emphasized. 

 

  
 

The fourth channel that controls the transparency / opacity of the image is known as the Alpha 

channel. The term channel refers to a specific portion of the light spectrum. Consequently, the red, 

green, and blue components are often referred to as channels, since red, green, and blue are 

components of the visible light spectrum. The Alpha channel was invented at George Lucas’ 

animation and imaging company, Industrial Light and Magic. It has now become a standard term for 

image processing. Since the Alpha component is another element of color in computer graphics, by 

extension it has also become known as a channel even though it is not related to the visible light 

spectrum in the same manner that the red, green, and blue channels are.  
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Essential Knowledge 

• CS Principle 3.3 Mathematical Expressions 

• CS Principle 3.10 Lists  

• CS Principle 3.12 Calling Procedures 

• CS Principle 3.13 Developing Procedures 

Application of Essential Knowledge 

The examples in this section illustrate the way in which a programmer can create a series of tools 

that serve such as the custom Red Filter, Green Filter, and Blue Filter code blocks and 

use these tools as the basis for creation of more complex applications. This is a more efficient 
approach to problem solving because it breaks a larger problem down into smaller parts. Creation 
of tools is also more efficient because in some cases the tools can be reused in other 
applications. 
 

 Exploration 14.5 Color Filter 

Create a custom color filter. Use it to modify a photograph that you have taken. 

 
Topic 14.6 Controlling Transparency 

Subtracting the value of the pixels in the Alpha channel results in an image that is more transparent 

(i.e., less opaque). 

 

  
 

Increasing the value of the pixels in the Alpha channel results in a gray box surrounding the image, as 

shown in the illustration below. 
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This is because the background pixels surrounding the image that were formerly transparent are now 

opaque. Consequently, a gray box surrounds the bouquet of flowers in the image below. 

 

  
 

This limitation can be addressed by resetting the image to its original state, with zero values in the 

cells of the background pixels, and then subtracting to achieve the desired level of transparency. 

 

  
 
 

If these code blocks are placed in a loop so that the value of the pixels in the Alpha channel are 

continually reset, a slider can be created that can be used to interactively adjust the transparency of 

the image.  

 

  
 

A similar approach can be used to create a procedure to adjust the transparency level of the image. 
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The Transparency code block can be used to specify an image and apply a specified level of 

transparency. 

  
 

The four channels that control the pixels of an image – Red, Green, Blue, and Alpha – are standard 

components of most graphics and image processing programs. The ability to control these attributes 

through a computer program provides capabilities that go beyond those of a static image processing 

program.  

 
Essential Knowledge 

• CS Principle 3.3 Mathematical Expressions 

• CS Principle 3.10 Lists  

• CS Principle 3.13 Developing Procedures 

Application of Essential Knowledge 

The concept of the Alpha channel is often not well-understood by novices who first begin using 
commercial image manipulation programs such as Photoshop. By working directly with the 
underlying pixels, it becomes easier to understand the capabilities of this channel and the way in 
which it can be used to adjust an image. 
 

Exploration 14.6 Controlling Transparency 

Create your own color filter system that can be used to manipulate images in the style of 
Instagram filters. Create a custom filter and apply it to an image. 
 

Further Explorations 

Add color filter capabilities to the paint program developed in Module 5 (Designing a Paint 
Program). 


