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Overview
‘Turn on the Lights!’ is a simple simulation that helps primary schools students learn about lights and their
primary and secondary colors. In this simulation, children can play with the different primary colored lights
and combinations of these to create new colored lights. They also have a second layer where they can
learn about light colors and their shades from light to dark. To help test their knowledge on the subject a
quiz at the end is given. Throughout this journey, Lulu, their avatar helps explain the main concepts and
rules of the simulation.

Instructional Objective
This simulation attempts to teach children from the ages of 6 to 9 about how light colors are not the same
as paint colors. It allows the player to discover the different combinations of primary colors that make up
the secondary light colors. They learn that mixing of light colors yields completely different results. Below is
the list of learning objectives for this simulation. Following this are the objectives that coincide with the
Ministère de l’Éducation de Loisir et du Sport (MELS) elementary school objectives.
Learning Objectives
1. Identify the three primary colors for lights (red, green, blues)
2. Name the colors that are created from the different combinations of the primary colors (Magenta,
Cyan, Yellow, and White)
3. Identify which combinations of primary colors create what secondary color (e.x.: Red + green =
yellow / red + blue = Magenta / green + blue = cyan / red + blue + green = white)
4. Match the secondary color with its primary color combinations
5. Recognize that where there is light there is also dark

6. Recognize that every color has a shade from light to dark
MELS Objectives
The learning objectives of this simulation fall within the Visual Arts Knowledge as well as the Science and
Technology: Material World learning objectives of the MELS curriculum. The objectives below are listed as
stated on the website and notes are provided to explain how they could be modified to better match the
overall simulation learning objectives.
MELS Visual Arts Knowledge
3. Colours of pigments
a. Names the primary colours: cyan, primary yellow and magenta
b. Identifies the secondary colours: orange, green and violet
c. Identifies the warm colours: yellow, orange and magenta, and the cool
colours: cyan, green and violet
d. Differentiates among colours
NOTE: I would modify the colors to add the element of colors of lights versus colors of pigments for this
simulation. This is demonstrated in the first level of the simulation entitled “Lights! Colors! Mixing!”
4. Value
a. Names light and dark values
b. Identifies light and dark values
c. Differentiates among values
NOTE: This is demonstrated through the second level of the simulation entitled “Lights! Colors! Shades!”
9. Spatial representation
a. Identifies ways of representing elements in space: perspective with overlapping
c. Differentiates among ways of representing elements in space
NOTE: This is demonstrated through both levels of the simulation. In the “Lights! Colors! Shades!” level, the
player can manipulate the colored circles and overlap them within the space. In the first level, the player
can differentiate how colors are created depending on which lights are on or off.
MELS Science and Technology: Material World
1. Matter
1. Properties and characteristics of matter
a. Classifies objects according to their properties (e.g. colour, shape, size, texture, smell)
b. Describes the shape, colour and texture of an object or a substance
c. Recognizes the materials of which an object is made
2. Mixtures
a. Recognizes mixtures in his/her environment
b. Demonstrates that physical changes (e.g. deforming, breaking, grinding, phase changes)
do not change the properties of matter
NOTE: Both these objectives are demonstrated through the two levels of the simulation. Light as a source,
light and its colors, colors and their shades and texture (as in transparency), colors and their mixing.
2. Appropriate Language
1. Terminology related to an understanding of the material world
NOTE: In order to identify and name the different elements of light and their colors, the appropriate
vocabulary is taught in the simulation and reinforced in the Quiz section.

Additional Objectives to be Considered
An interesting component to add to this simulation would be the element of shadows. Due to time
constraints, this aspect was not explored in more detail but it would be a great idea to add another level
to this simulation where children can learn about light and shadows. The players would be able to see the
light sources and where shadows are cast.
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Learners
‘Turn on the Lights!’ was designed for elementary school children (ages 6 to 9) in grades one through
three within the MELS curriculum. It can be used in either a science or art class. The way it can be used for
this audience is explained in the section entitled “Context of Use”.

Context of Use
This simulation was conceived with one player in mind and should take about 5 to 15 minutes to play
depending on the player and the context of use. There are several ways in which this simulation can be
employed. It can be considered as a reusable-learning object and is flexible enough to be utilized in
various contexts.
Within a School Setting
One way this simulation can be used is as a stand-alone activity where teachers can assign it either as
homework or as an in-class activity within a science or art class.
If it is used as homework, the concepts of light, the primary colors of lights, and the different secondary
colors created by mixing these primary colors should all be introduced in class prior to assigning this
simulation as homework. By conducting this simulation as homework, the students will have the occasion
to play it as many times as they want until they feel comfortable with the content.
If the students use it in class, then there must be sufficient computers for the number of students in order for
each student to have the chance to play with the simulation and do the quiz. The amount of times it can
be played will vary depending on the age and the teacher’s discretion.
If there is not enough access to computers, the teacher can demonstrate the different elements of the
simulation in front of the class. This could be used after introducing the subject, or it can be used as a
prelude to the course content.
Variation for the Different Ages
For younger children, it can be used to explain the simple concepts of lights and their colors. While for the
older children, it can be used to explain the above, as well as go into detail about how the color that is
shown is the color that is reflected off the surface that was not absorbed. Also, the notion of lights on a
stage for a theatre can be introduced.
Within an Online Museum Setting
This simulation is also great to include on a science or even an art museum website where the user can be
invited to learn about lights and colors, and how these can influence what you see in the material world.
For example, Discovery Education Science,
(http://www.discoveryeducation.com/administrators/curricular-resources/science/), could include this
simulation on their site to teach a broader audience:

Also, the Exploratorium: the museum of science, art and human perception
(http://www.exploratorium.edu/) could utilize this simulation to teach their young audience about lights,
colors, light color mixing and about light color shades.
Platform
This game was developed in Scratch and would need to be played in Scratch for it to work. However, a
designer and developer could take the concepts of this design and develop in in Flash.
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Scope
Time and Levels
For the moment, this game has an introduction level, two simulation levels, and one quiz level. This
simulation could be expanded on to create other levels that would enrich the learners understanding of
light, light colors, and other light elements such as shadows.
This simulation was conceived with one player in mind and should take about 5 to 15 minutes to play
depending on the player and the context of use. If other levels are added and more quiz questions
included, then the game could be expanded to be played for 30 minutes or more.
If the teacher uses this simulation as a demonstration, it would take more than 15 minutes to introduce all
the concepts and allow time to pause the simulation to explain elements further and answer questions.
Content Included
The content that was included in this simulation includes the following:
● The three primary light colors
○ Red, Blue, and Green
● The four secondary colors
○ Cyan, Magenta, Yellow, and White
● The combination of colors
○ Red + green = yellow
○ Red + blue = Magenta
○ Green + blue = cyan
○ Red + blue + green = white
● Concept of color shades (light and dark of each element)
● Quiz elements covers a sample of all the above
Content Excluded Due to Project Constraints
Shadows and light source can also be introduced in other layers. In the design process section, you can
see the storyboard where there was initially a level for shadows that could have been included.
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Object of the Simulation
The object of this simulation is to teach about the three primary colors for lights and the different
secondary colors that are created from mixing the primary colors. In addition, the concept of color
shades is introduced. The player must learn all the content in order to pass the quiz, which is on the last
level of this simulation.

Design Details
This game was designed for young elementary school children; therefore the look and feel of the
simulation was made simple, colorful, and used elements of contrast from light to dark to emphasize the
content. As it was developed using an open-sourced software called Scratch (http://scratch.mit.edu/)
with the designer having no prior knowledge of this software or any programming language, the graphic
elements and programming were kept relatively simple.
The Simulation
There are a variety of elements to be manipulated by the player in this simulation. They are listed below:
1. The Light Switch (The first click is to turn on the light to start the introduction and introduce the
avatar Lulu; the second click is to move to the third layer where the first simulation is to be
introduced.)
- Sound (A click sound is played when pressed)
2. The Lighting Console Buttons (Level 1: the buttons are Red, Blue, Green, Red and Blue, Red and
Green, Green and Blue, Green, Blue, and Red; when each button is pressed the set colored lights
turn on and show the output color of either the single color or the combination of colors.)
- Sound (A sound effect is played when buttons are pressed; the name of each color is
said when the buttons are clicked)
3. The Reset Buttons (Level 1: Every time the player clicks on one of the color combinations, they
need to press on the reset button in order to press another color combination. It was create so that
it would eliminate certain bugs and programming issues of Scratch. Level 2: The reset button here
resets the size and shade to the original value)
- Sound (A sound effect is played when buttons are pressed)
4. The Color Shades Button (The player is invited to click on this button to move on to the next
simulation layer on color shades)
- Sound (A sound effect is played when buttons are pressed)
5. The Six Colored Circles (Level 2: the player can manipulate these circles by moving them around
the screen and overlapping them on the different colors.
- No Sound Effect
6. Shade and Size Levels (Level 2: The player can manipulate the size and shade of the colored
circles by adjusting the sliding scale. The shade becomes more transparent to demonstrate how
light can have different degrees of lightness and darkness depending on its intensity.)
- No Sound Effect
7. The Colors Button (This button is used to go back to the previous level if the player decides they
want to have another go at the colors simulation.)
- Sound (A sound effect is played when buttons are pressed)
8. The Quiz Button (This button is used to go back to the Quiz level to start the quiz.)
- Sound (A sound effect is played when buttons are pressed)
9. The Quiz Start Button (Once on the Quiz Level, this button is used to start the quiz. It was created to
replace the green flag that is usually used to start the game. This was created to simplify the
programming.)
- Sound (A sound effect is played when buttons are pressed)
10. The Quiz Reset Button (If the player wants to redo the quiz, they have the option of pressing on the
reset button which will reset the score so when the player presses on start, the score can be reset.)

- Sound (A sound effect is played when buttons are pressed)
11. The Quiz A, B, C Answer Buttons (These buttons were created to answer the multiple choice
questions. If they chose the correct answer, then the avatar would let them know it was correct. If
they chose an incorrect answer, the avatar would let them know this and provide them with the
correct answer.)
- Sound (A sound effect is played when buttons are pressed)
This simulation can be found on the Scratch site (http://scratch.mit.edu/projects/Zulili/2183368) where you
can have more details of the different codes used to create this game. One of the great things about
Scratch is that you can have access to the making of the simulation and you can copy codes to use in
your own simulation.
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LAYER 1: Home Page - Introduction Level

LAYER 2: Introduction of Avatar Lulu and the simulation

LAYER 3: Introduction of Level 1 Simulation “Lights! Colors! Mixing!”

LAYER 3a: Level 1 of Simulation “Lights! Colors! Mixing!”

LAYER 4: Level 2 of Simulation “Lights! Colors! Shades!”

LAYER 5: Quiz Level
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The Quiz
This quiz is a simple multiple-choice question and answer format. The avatar asks the questions, and the
player needs to choose between A, B, or C to get the answer. When the correct answer is chosen, the
avatar congratulates you. When the incorrect answer is chosen, the avatar informs you of the mistake by
saying “Incorrect!” and provides you with the correct answer. There should be a total of five questions with
each one valued at 20 to equal 100. This can be modified depending on the context to include more
questions. Within this prototype simulation, only three questions were asked.

Quiz Sample Questions
1. What color combination makes cyan?
a. Red and Green (Incorrect! Green and Blue make cyan)
b. Green and Blue (Correct!)
c. Red and Blue (Incorrect! Green and Blue make cyan)
Click on the right answer below
2. What color combination makes yellow?
a. Red and Green (Correct!)
b. Green and Blue (Incorrect! Red and Green make yellow)
c. Red and Blue (Incorrect! Red and Green make yellow)
Click on the right answer below
3. What color combination makes white?
a. Red and cyan (Incorrect! You need all three primary colors to make white)
b. Green and yellow (Incorrect! You need all three primary colors to make white)
c. Red, Blue and Green (Correct!)
Click on the right answer below
4. What is the name of this color? (Show a Magenta colored circle)
a. Red (Incorrect, Magenta is the name of this color)
b. Magenta (Correct!)
c. Cyan (Incorrect, Magenta is the name of this color)
Click on the right answer below
5. What are the three primary colors of lights?
a. Blue, Green, and Black
b. Red, Magenta, and Yellow
c. Red, Green, and Blue
Click on the right answer below
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Technical Elements
Software
This simulation was developed using an open source software called Scratch (http://scratch.mit.edu/).
Platform
This game can be played on the Scratch website or it can be downloaded to your personal computer
once you have registered as a user on the Scratch website. It should be noted that you must have the
software installed for it to work on your personal computer. Also, you can save the simulation on your
computer but need the software to open it or make any changes.
Resolution
This simulation is of a low resolution with the game screen being at 480 x 360 pixels. The quality of the
objects in this simulation is also of low-resolution quality.
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Competing Products
During the researching phase, several games and simulations were found that had a similar content or
structure, but none were created exactly as this one. Most only had one layer, and none were found that
incorporated a quiz element. In addition, most of the simulations found did not have an avatar, nor did
they have a simple lesson that explained the concepts. They mainly started directly with the simulation
with no introduction. ‘Turn on the Lights’ is a unique simulation as it is almost like a self contained lesson on
the subject and has two layers of simulation with a quiz section to test out the players skills.
Here are the major games or simulations found out there that were either used as inspiration or to provide
context in how these elements have been conveyed already:
Colors and/or Color Mixing

●

Light Simulations: http://alice.loria.fr/index.php/light-simulation.html
On Stage Lighting: http://www.onstagelighting.co.uk/lighting-design/lighting-designsoftware/stage-lighting-design-software/
Mix and Match - The exploratorium: http://www.exploratorium.edu/exhibits/mix_n_match/

●
●

Color Mixing Lab: http://www.exploratorium.edu/wsw/projects/color_mixing_lab/simulations.html
Color Box Applet: http://pdukes.phys.utb.edu/PhysApplets/Colors/TabbedcolorBox.html

●

Interactive Lighting Simulation:
http://www.seas.upenn.edu/~cse400/CSE400_2007_2008/FeldmanGruskin/project.html
Color and Color TV: http://www.colorado.edu/physics/2000/tv/colortv.html

●
●

●

●
●
●

Light Converse Lighting Simulation Software:
http://www.plsn.com/index.php?option=com_content&task=view&id=2738&Itemid=64
The Virtual Theatre Project:
http://accad.osu.edu/research/virtual_environment_htmls/virtual_theatre.htm
Discovery Education Science (Sound, Heat, and Light) - simulation:
http://www.discoveryeducation.com/administrators/curricular-resources/science/

●
●
●
●

Additive Color Mixing: http://en.wikipedia.org/wiki/Additive_color
Additive & subtractive color mixing: http://www.handprint.com/HP/WCL/color5.html
Colors: http://scratch.mit.edu/forums/viewtopic.php?id=64180
See the light: http://library.thinkquest.org/13405/color/mix.html
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Motivational Issues
This simulation follows Keller’s (2006) ARCS model in motivating the player to use the simulation and learn
the content. It starts by grabbing the player’s attention; there is music and a light switch that appears that
entices the player to enter the simulation. Once on the introduction level, an avatar is introduced that
adds the element of relevance. A young girl was chosen as the avatar to better relate to the players, as
she is of the same demographic. Lulu, the avatar, also informs the player that light colors have different
primary colors than paint colors. This helps provide an interest to want to know more, as well as make the
content more relevant to something they already know.
Once the attention and relevance has been introduced, the element of confidence is reinforced. The
player can enter level 1 “Lights! Colors! Mixing!” and begin to practice and play with the simulation. They
can repeat the combinations as many times as they want until they feel confident to move on to the next
level. Level 2 “Lights! Colors! Shades!” also provides the opportunity to practice and manipulate the
variables.
As they gain the confidence, they are then invited to test out their skills in the Quiz level where hopefully
they will be satisfied with the score they get. By having the player complete the quiz, they will have the
chance to put their skills to the test and see what they have learned.
In addition to all of the above, this simulation provides many opportunities for the player to control what
level they go on and what variables they can manipulate. The level 1 “Lights! Colors! Mixing!” has a
control panel where the player can select the different combinations they want to see represented on
the screen. Level 2 “Lights! Colors! Shades!” has them manipulate the colored circles, move them around,
overlap circles, and playing with the shade levels (however, this is the ideal for level two, yet there are too
many technical issues that are inhibiting this function from working properly).
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Design Process
Research Phase
Before starting this simulation, several prospects were considered. A historical costume matching game, a

plant growth simulation and a water filtration simulation were all considered before finally choosing a light
color mixing simulation.
Once the idea was established, research was conducted to determine what other relevant simulations of
this type already existed. After identifying several games and simulations, which are listed previously, more
ideas about the different elements became concrete. In addition, research on the content was
conducted through online resources and the learning objectives were identified by consulting the MELS
website under the progression of learning in elementary school within the Quebec Education Program.
Scratch was an unknown software prior to this project, therefore much review and consultation of the
Scratch website and wiki’s were conducted to identify other games and simulations of a similar nature
that were already created. This enabled the identification of what types of codes already existed that
could potentially be used. However, when it came down to actually developing the simulation as
originally storyboarded, it became quickly evident that new codes would have to be developed and the
existing Scratch simulations would be of little use. There were few codes that could be incorporated from
other existing games or simulations.
Design Phase
After the research phase and before the development phase, a storyboard was created to detail all the
different elements to be included within this simulation. However, as stated previously, the final product
was modified from the original storyboard due to several technical issues and limitations of the software.
As shown in the storyboard, there was a level for a shadow level that was not developed for this
simulation. Also, the quiz was not drawn out in the storyboard but was conceived in the original plan
before creating the storyboard. The plan that was originally written out is shown below:
Details: It will start with a homepage where a spotlight will come on and a character will invite the
students to learn about lighting and mixing colors. There will be an object that would change color
depending on the light. There will be various light sources: the red light, blue light, and a green
light. The players will be able to adjust the light intensity and combination to see what happens. If
there is time, additional information on how shadows appear would be explored.
This would be either a two part or a three-part simulation.
1. Introduction Layer
2. The light source with its three primary colors (play with intensity, play with hue, adding and
subtracting colors)
3. Light sources and their shadows
4. A small quiz at the end to see if they understood what they learned
Here is the storyboard for review:
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Development Phase
The development phase was the longest of all the phases and was the most challenging. While
developing the software had to be learned in order to develop. This increased development time. Also,
many technical issues and limitations of the software were faced. A lot of time was spent fixing software

glitches, and unfortunately some glitches still remain. Most notably when the start button in Level 2 is
pressed, a shade and size slider scale is supposed to appear in a certain location of the screen, but one it
does not go to the desired location, and an additional variable appears when it is not supposed to.
However, a solution was found, but it is a little finicky and when it was uploaded to the website, there
were still issues with variables not showing up where they are supposed to and having extra variables
appear that are not supposed to be there.
In terms of the sources of sprites, most images, sounds and music were taken from open source websites
and the rest of the sprites were original creations. This ensures that no infringement on any copyright issues
and makes the simulation freely sharable with others.
Two other members of the course were consulted for feedback on the simulation and they were provided
some advice on how to work around some of the technical issues. One of them suggested building a
control panel for level one. The control panel was built as there were issues on making the lights
themselves clickable and having them on and off with multiple variations.
After presenting the simulation to the entire class, more feedback was received on how to improve
certain elements of the simulation. More time was spent correcting errors and improving certain elements
to make the simulation experience more complete and enjoyable.
Lessons Learned
Creating a storyboard was one of the best things that were done in this design process. Having a clear
idea of what to include and exclude, with details of the different elements of each layer was very
beneficial to the design and development phase. One of the drawbacks of this project was the
unfamiliarity and unease using the Scratch software. Because of this, the development of some of the
elements of the storyboard was limited. In the future projects using Scratch, the storyboards will better
reflect what can be developed and be more realistically attainable. Having a better knowledge of the
software will also allow more creativity in creating more variations of simulations and games.
In addition to this project, witnessing other students’ projects has broadened my horizon to the endless
possibilities that games and simulations have in an educational environment.
Educational Aspects Specific to Simulation Design
The type of simulation created reflects a natural occurring phenomenon found in nature; however it
would not be considered a process simulation, but more of a causal simulation because it is showing the
cause and effect of mixing the light colors. It also has an element of a switch-level simulation for level 1
“Lights! Colors! Mixing!” for the player has to turn on and off the lights in order for the simulation to
function.
This simulation functions as showing examples of the cause and effect and provides the opportunity to
practice by clicking on the different variations of the colored combinations. The Quiz section provides
feedback and practice as well.
According to Reigeluth and Schwartz (1989), there are five aspects of educational simulation design:
introduction, acquisition, application, assessment, and control. These five elements were incorporated into
the design to ensure that learning occurred.
Introduction: The simulation provides an introduction where the learner is introduced to the content that
will be learned. An avatar is introduced to provide guidance throughout the simulation.
Acquisition: The avatar explains that light colors are different form primary colors, but the player is to
discover by playing with the simulation what these three primary colors are and what secondary colors
they create. In the second level, they are also to discover how the colors go from light to dark depending
on the intensity of the light.

Application: The application is intertwined here with the practice of the simulation, by using a discovery
approach and playing with the simulation itself.
Assessment: After completing the acquisition and application phase, the player has the occasion to test
their skills in the quiz section at the end of this simulation. The questions are relevant to the simulation and
to the content demonstrated.
Control elements: This simulation has both elements that can be controlled and manipulated by the
player and controlled by the simulation itself. For example in level 1, the player can choose the
combination of colors from the control panel, they can reset the simulation, move from one level to the
next. This is the same for the second level, but there is another element of control where the player can
overlap the colored circles and play with the levels. The system controls what is seen, the number of levels,
the types of color combinations to choose from, and the types of questions asked in the quiz section. This is
a linear simulation with certain elements that can be reviewed by click to other levels, but the flow is more
controlled by the simulation itself.
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