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TEACHERS INSTRUCTION

Introduction:    The purpose of this unit is to learn the science behind some optical illusions.  Topics covered include:


Characteristic of Light


Anatomy of the eye.


Vision


Visual Perception


Brightness Contrast


Ratios

This unit involves a variety of learning styles to meet the needs of all students.  It opens with some optical illusion examples to stimulate interest/curiosity.  It incorporates Inquiry Based instruction with hands on activities and computer simulations.

The simulation and power point presentation help develop the concept of brightness contrast and guide the student to an understanding of the science behind the optical illusions.  

Intended Audience:  7-12 grade science students.

Adjustment/Adaptation/Extension:  It can be adapted for use in middle school science and art, high school physical science, physics, anatomy and art. 

Placement in the Curriculum:   This unit would be used in the study of light or vision.

Time:  5 day unit depending on how “in depth” the teacher wishes to go.      

Resources:  Computers, internet access, materials for making pinhole cameras, materials for drawing/creating optical illusions, printed brightness contrast cards.

Electronic Equipment:  Computers and Internet Access, LCD projector, PowerPoint

Goals and Objectives:

Goal: Using the concepts of brightness perception and ratios and models of light behaviors and the role of the eye and brain, the student will be able to explain the science behind the optical illusions presented at the introduction of the lesson.

Student Objectives

General/Physical Science

Students will:.

1. Given a picture of the eye, the students will be able to identify and explain the purpose of the cornea, pupil, iris, lens, retina, and optic nerve.

2. Using a flow chart, students will be able to trace the path of light through the eye.

3. Define luminance, illuminance, illuminant, reflectance, and brightness.

4. The students will understand that reflectance is a ratio of luminance over illuminance and it does not vary under different lighting conditions.

5. After using their pinhole camera, the students will be able to diagram how light strikes the retina.

6. After using the computer simulations, the students will be able to use the concept  of ratios to explain how brightness perception is responsible for optical illusions.

Using paper, the students will physically create an optical illusion.

7. Using paper, the students will physically create an optical illusion

8. Interpret and analyze experimental data.

9. Apply the concept of brightness contrast to a real-life situations.
Standards  (see Standards document)
BRIGHTNESS CONTRAST

PHYSICAL SCIENCE:  5-DAY LESSON PLAN

INSTRUCTIONAL ACTIVITIES

1. Day One

A. View optical illusions 

a. Power Point slides 1-3

b. Other black/white illusions 

B. Light behavior

a. Power Point slides 4-6

b. Pinhole camera

Students will view optical illusions on the Power Point slides to generate discussion.  Then students will discuss light behavior and misconceptions about vision and light.  Finally, students will make a pinhole camera to observe how light behaves.

2. Day Two

A. Review light behavior

B. Reflectance, Luminance, Illuminance

a. Card Game (*High quality print required)

b. Power Point slides 7-10

c. Simulation and Worksheet

After a brief review of concepts discussed/learned during the previous class, students will attempt to place 8 brightness contrast cards in order from light to dark.  Then, using information presented on Power Point slides, students will learn luminance, illuminance and reflectance.  Finally, students will use the CELEST Brightness Contrast Simulation Model to investigate brightness and contrast and graph results.  Students should have their individual results printed for the following class.

3. Day Three

A. Review reflectance, luminance, illuminance

B. Vision vs. Perception

a. Power Point slides 11-29

b. Concept Review Worksheet

Discuss and compare results from the CELEST simulation.  Using Power Point slides, students will learn the difference between vision and perception.  As an assignment, students will process information independently by completing the Concept Review Worksheet.

4. Day Four

A. Quiz/Assessment

B. Discuss Concept Review Worksheet

C. Introduce optical illusion design challenge

Students will take a quiz to assess their understanding of the information presented in the lesson.  Next, discuss the Concepts Review Worksheet and work through problems and/or misconceptions.  Finally, describe how students are to create an optical illusion using black, white and shades of grey that demonstrating the brightness contrast concepts learned.

5. Day Five

A. Share and describe optical illusion designs

B. Overview

Students will have the opportunity to share and demonstrate knowledge gained using their optical illusion drawings.  Finish the lesson with a final overview, which could be in the form of informal discussion, a question/answer format or in the form of a game.
Pinhole Camera

MATERIALS NEEDED:

Cardboard toilet paper rolls


Foil


Wax paper


Rubber bands


Needle


Bare light bulb (plugged in and turned on)

1. Place a piece of flat foil over the opening at one end of a cardboard toilet paper roll.  Pull it tight and smooth.  Secure it with a rubber band.  

2. With a large needle, poke a hole in the center of the foil.

3. Place a piece of flat wax paper over the opposite opening of the cardboard roll.  Pull it tight and smooth.  Secure it with a rubber band.

4. Hold the foil end toward a bare light bulb.  Move the tube closer to and farther from the bulb to form a clear image on the wax paper end, which is facing you.
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Name: ______________________________________________
Date: ____________
Brightness Contrast – Concept Review Worksheet

Directions:  Using the Background and Theory information presented to you by your teacher as well as your knowledge of science, answer the following questions.

A.  Matching – Match the terms in the left column with the appropriate definitions found in the right column.  Write the letter of the correct definition in the space provided.
	______1.  luminance
	a) any light source



	______2.  illuminance
	b) a measure of the ratio of light reflecting from a surface

	______3.  illuminant
	c) the amount of visible light energy entering the eye

	______4.  reflectance
	d) a subjective measure of the amount of light energy entering the eye

	______5.  brightness
	e) amount of light energy given off from a light source


B.  Multiple Choice – Circle the letter that best answers the question.

1.  Our eyes can detect 

A. only absorbed light

B. only reflected light

C. both absorbed and reflected light

D. neither absorbed nor reflected light

2.  Which of the following is a subjective measurement?

A. length

B. weight

C. brightness

D. height

3.  Dark surfaces

A. absorb little of the light that falls on them

B. reflect little of the light that falls on them

C. reflect most of the light that falls on them

D. none of the above

4.  Light surfaces

A. absorb most of the light that falls on them

B. reflect most of the light that falls on them

C. reflect little of the light that falls on them

D. none of the above

5.  Brightness, how light or dark an object’s surface appears to a person, is affected by

A. an individual’s opinion

B. the object’s surrounding luminance

C. the strength of the illuminant (or light source)

D. all of the above

C.  Short Answer – In the space provided, answer the following questions using complete sentences.

1.  Explain the relationship between the functions of the iris and the pupil. _________________
_____________________________________________________________________________

2.  Describe the difference between illuminance and luminance. __________________________
_____________________________________________________________________________

E.  Label the Diagrams – Fill in the appropriate terms for each labeled structure.












RUNNING THE SIMULATION

1. Run your web browser.  In the address bar, type:

            http://cns.bu.edu/celest/private/
2. On the left-hand side, click on ‘login’.  

3. On the ‘Welcome!’ screen, type:

Username:  celest123

Password:   celest123

4. On the next screen, click on ‘Brightness Lab’ under

 ‘Education Modules’ on the left-hand side.

5. On the next screen, click on ‘Run Brightness Lab’ on the bottom of the screen.


6. When this popup appears, click ‘Run’. 

7. A button will appear on your task bar

On the bottom of your browser screen

That looks like this: .

Click on it.  

8. On the next screen, fill in your name.  

Click on the pull-down menu and 

choose the appropriate grade level.  

Click next.

9. On the ‘Overview’ screen, click ‘Next Page’.

On the next screen, click ‘Begin Experiment in 

Full Screen Mode’.

10. Use the slider in the bottom right-hand corner to

adjust the fields in your attempt to make the center

gray boxes appear the same shade of gray.  

Click ‘Next Match’.  Continue this procedure until the simulation is completed 

(12 tests).

11. On the ‘Data Analysis’ screen, click ‘Show Experimental Graph’.  Also check the boxes next to ‘Experimental Trendline (Linear Regression)’ and ‘Baseline of Perfect Matches’.

12.  Click ‘File’ in the upper left-hand corner.  Choose ‘Print’.

Simulation Worksheet
Complete the table below using the following directions:

1.  Organize your experimental results in Table 1 (below) using the data from the Brightness Contrast table displayed on the computer screen.  First, locate the “Outer A luminance column” in the computer display table.  Then match each “Outer A luminance value” to the corresponding Inner B luminance value for each trial.  Record these results in Table 1.

2.  Calculate the mean Inner B luminance values and record your calculations in Table 1.
     Use the following formula:
                                    Trial 1 + Trial 2 + Trial 3  = Mean




                                           3
Table 1 – Luminance Data Table
	Outer B luminance
	Inner A luminance
	Outer A luminance
	Inner B luminance

Trial #1
	Inner B luminance

Trial #2
	Inner B luminance

Trial #3
	Mean Inner B luminance

	30
	50
	25
	
	
	
	

	30
	50
	60
	
	
	
	

	30
	50
	80
	
	
	
	

	30
	50
	100
	
	
	
	


3.  Using the data from Table 1, create a line graph that displays Mean Inner B luminance vs. Outer A luminance. (Use the grid below to create your graph!)

· Include a title 

· Label the x-axis: Outer A luminance and include units.

· Label the y-axis: Mean Inner B luminance and include units.

· Make sure you allow for luminance values ranging from 0-100 on each axis.

4.  The Inner A luminance value was kept constant at 50 for all trials.  On your line graph, use a ruler to draw a straight dotted line perpendicular to the y-axis, corresponding to the Inner A luminance value of 50.

Answer the following questions using the data in Table 1 and the corresponding line graph.

5.  Name the independent variable and the dependent variable.

________________________________________________________________________

________________________________________________________________________

6.  What is the relationship between Outer A luminance and mean Inner B luminance?  How is one dependent on the other?
________________________________________________________________________

________________________________________________________________________
Complete the table below using the following directions:

7.  Copy the mean Inner B luminance values that you calculated and recorded in Table 1 into the mean Inner B luminance column of Table 2. 

8. Calculate the ratios by dividing Inner A luminance by the Outer A luminance and record the calculations in the appropriate column in Table 2. 

Table 2 – Luminance Comparison 

	Mean Inner B luminance
	Inner A luminance
	Outer A luminance
	Ratio:

Inner A luminance 

  Outer A luminance

	
	50
	25
	

	
	50
	60
	

	
	50
	80
	

	
	50
	100
	


9. Using the data in Table 2, create a line graph that displays Mean Inner B luminance vs. the ratio of Inner A luminance to Outer A luminance. (Use the grid below to create your graph!)

· Include a title 

· Label the x-axis: Ratio of Inner A luminance to Outer A luminance

· Make sure you allow for ratio values ranging from 0 to the maximum ratio value calculated. 

· Label the y-axis: Mean Inner B luminance and include units.

· Make sure you allow for luminance values ranging from 0-100 on the y-axis.

Answer the following questions using the data in Table 2 and the corresponding line graph.

10.  What is the relationship between Inner B luminance and the ratio of Inner and Outer A luminance?

________________________________________________________________________

________________________________________________________________________
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11. Use the picture above to answer the following question. During the experiment, as the ratio of Inner and Outer A luminance increased, how did you change the brightness of Inner B? Does your line graph support your answer? 

________________________________________________________________________

________________________________________________________________________

Real-life Application

You are part of a team of clothing designers.  Choose one of the following design teams to join.  Describe how you would relate the importance of brightness contrast to your coworkers when designing the clothing:
a. Safety attire for highway crew.

b. Camouflage for soldiers in a desert.

c. Camouflage for hunters in deciduous forests.

d. Jackets and vests for cyclists.
________________________________________________________________________

________________________________________________________________________
________________________________________________________________________

________________________________________________________________________
________________________________________________________________________

TEACHER’S GUIDE
Brightness Contrast – Concept Review Worksheet

Directions:  Using the Background and Theory information presented to you by your teacher as well as your knowledge of science, answer the following questions.

A.  Matching – Match the terms in the left column with the appropriate definitions found in the right column.  Write the letter of the correct definition in the space provided.

	___C___1.  luminance
	a) any light source



	___E___2.  illuminance
	b) a measure of the ratio of light reflecting from a surface

	___A___3.  illuminant
	c) the amount of visible light energy entering the eye

	___B___4.  reflectance
	d) a subjective measure of the amount of light energy entering the eye

	___D___5.  brightness
	e) amount of light energy given off from a light source


B.  Multiple Choice – Circle the letter that best answers the question.

1.  Our eyes can detect 

A. only absorbed light

B. only reflected light

C. both absorbed and reflected light

D. neither absorbed nor reflected light

2.  Which of the following is a subjective measurement?

A.  length

B. weight

C. brightness

D. height

3.  Dark surfaces

A. absorb little of the light that falls on them

B. reflect little of the light that falls on them

C. reflect most of the light that falls on them

D. none of the above

4.  Light surfaces

A. absorb most of the light that falls on them

B. reflect most of the light that falls on them

C. reflect little of the light that falls on them

D. none of the above

5.  Brightness, how light or dark an object’s surface appears to a person, is affected by

A. an individual’s opinion

B. the object’s surrounding luminance

C. the strength of the illuminant (or light source)

D. all of the above

C.  Short Answer – In the space provided, answer the following questions using complete sentences.

1.  Explain the relationship between the functions of the iris and the pupil. The iris is the muscle that surrounds the pupil and contracts and relaxes to change the size of the pupil.  The pupil is the opening that allows light to enter the inner eye.
2.  Describe the difference between illuminance and luminance.  Illuminance is the amount of light energy emitted from a light source.  Illuminance is measure in lux (lx).  Luminance is the amount of reflected light energy that enters the human eye after being reflected from the surface of objects.  Luminance is measured in candela per square meter (cd/m2)
E.  Label the Diagrams – Fill in the appropriate terms for each labeled structure.













Simulation Worksheet

Complete the table below using the following directions:

1.  Organize your experimental results in Table 1 (below) using the data from the Brightness Contrast table displayed on the computer screen.  First, locate the “Outer A luminance column” in the computer display table.  Then match each “Outer A luminance value” to the corresponding Inner B luminance value for each trial.  Record these results in Table 1.

2.  Calculate the mean Inner B luminance values and record your calculations in Table 1.

     Use the following formula:

                                    Trial 1 + Trial 2 + Trial 3  = Mean




                                           3
Table 1 – Luminance Data Table

	Outer B luminance
	Inner A luminance
	Outer A luminance
	Inner B luminance

Trial #1
	Inner B luminance

Trial #2
	Inner B luminance

Trial #3
	Mean Inner B luminance

	30
	50
	25
	
	
	
	

	30
	50
	60
	
	
	
	

	30
	50
	80
	
	
	
	

	30
	50
	100
	
	
	
	


3.  Using the data from Table 1, create a line graph that displays Mean Inner B luminance vs. Outer A luminance. (Use the grid below to create your graph!)

· Include a title 

· Label the x-axis: Outer A luminance and include units.

· Label the y-axis: Mean Inner B luminance and include units.

· Make sure you allow for luminance values ranging from 0-100 on each axis.

4.  The Inner A luminance value was kept constant at 50 for all trials.  On your line graph, use a ruler to draw a straight dotted line perpendicular to the y-axis, corresponding to the Inner A luminance value of 50.

Answer the following questions using the data in Table 1 and the corresponding line graph.

5.  Name the independent variable and the dependent variable.

Independent Variable:  Outer A luminance
Dependent Variable:  Mean Inner B luminance
6.  What is the relationship between Outer A luminance and mean Inner B luminance?  How is one dependent on the other?

As outer A luminance increased, inner B luminance decreased
Complete the table below using the following directions:

7.  Copy the mean Inner B luminance values that you calculated and recorded in Table 1 into the mean Inner B luminance column of Table 2. 

8. Calculate the ratios by dividing Inner A luminance by the Outer A luminance and record the calculations in the appropriate column in Table 2. 

Table 2 – Luminance Comparison 

	Mean Inner B luminance
	Inner A luminance
	Outer A luminance
	Ratio:

Inner A luminance 

  Outer A luminance

	
	50
	25
	

	
	50
	60
	

	
	50
	80
	

	
	50
	100
	


9. Using the data in Table 2, create a line graph that displays Mean Inner B luminance vs. the ratio of Inner A luminance to Outer A luminance. (Use the grid below to create your graph!)

· Include a title 

· Label the x-axis: Ratio of Inner A luminance to Outer A luminance

· Make sure you allow for ratio values ranging from 0 to the maximum ratio value calculated. 

· Label the y-axis: Mean Inner B luminance and include units.

· Make sure you allow for luminance values ranging from 0-100 on the y-axis.

Answer the following questions using the data in Table 2 and the corresponding line graph.

10.  What is the relationship between Inner B luminance and the ratio of Inner and Outer A luminance?

 The mean inner B luminance increases as the ratio of Inner and outer A luminance increases.
[image: image2.png]



11. Use the picture above to answer the following question. During the experiment, as the ratio of Inner and Outer A luminance increased, how did you change the brightness of Inner B? Does your line graph support your answer? 

As the ratio of inner and outer A luminance increases, the brightness of inner B increases.  The mean of inner B is the appearance of brightness, not the actual level of luminance.
Real-life Application  student answers will vary
You are part of a team of clothing designers.  Choose one of the following design teams to join.  Describe how you would relate the importance of brightness contrast to your coworkers when designing the clothing:

i. Safety attire for highway crew.

ii. Camouflage for soldiers in a desert.

iii. Camouflage for hunters in deciduous forests.

iv. Jackets and vests for cyclists.

________________________________________________________________________

________________________________________________________________________
________________________________________________________________________

________________________________________________________________________
________________________________________________________________________

Name: ______________________________________________
Date: ____________           
Quiz

I.  Fill-In the Blank – Fill in each blank space with the appropriate term.

1.  Dark surfaces ____absorb____ more light than brighter surfaces.

2.  _____brightness______ is a subjective measure of the perception of luminance.

3.  Photoreceptors are specialized cells located in the section of the eye called the ___retina___.
4.  The primary visual cortex is at the back of the __brain____.
5.  As illuminance increases, luminance ____increases_____.
II.  Multiple Choice – Circle the letter that best answers the question.

6.  Which of the following is true?
A. We can see in complete darkness.
B. We can see in complete darkness if we give our eyes time to adjust.
C. We cannot see in complete darkness.
7.  Which of the following choices shows the correct visual pathway?

A. light source ( retina ( optic nerve ( LGN ( primary visual cortex

B. light source ( optic nerve ( retina ( LGN ( primary visual cortex

C. light source ( LGN ( retina ( optic nerve ( primary visual cortex

D. light source ( LGN ( optic nerve ( retina ( primary visual cortex

8.  Using the figure below, choose the best statement that describes what is being modeled:
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a. The luminance of inner A and inner B is the same.

b. The luminance of outer A and outer B is the different.

c. The illuminance on A and B is the same.

d. All of the above.

e. None of the above.

III.  Short Answer - Answer the following questions in complete sentences.  
9.  Can the brain detect illuminance?  Why or why not?

The brain cannot detect illuminance because some of the illuminance is not reflected but absorbed into a surface.  The brain does not know how much of the illuminance is absorbed.
10.  Why does the lens of the eye form an image that is inverted on the retina?
Because light travels in a straight line when it enters our eye.
IV.  Essay

Referring to the optical illusion to the right, describe how brightness and contrast ‘fool’ us into thinking the grey bands are not the same shades of grey.
Even though the gray bands on both sides project the same luminances into the eye, our brightness perception is affected by the surrounding luminaces of the other bands.  This is brightness contrast!  Your perception of brightness depends on the surrounding luminance entering the eye.
WEB RESOURCES

http://www.macula.org/anatomy/ 

The anatomy of the eye and retina, including a QuickTime movie.

http://www.discoveryfund.org/anatomyoftheeye.html 

Eye diagram with list of terms with functions.

http://www.accessexcellence.org/AE/AEC/CC/vision_background.html 

Background information describing how we see.

http://www.preventblindness.org/vlc/how_we_see.htm 

Vision and virtual tour of the eye.

http://www.bbc.co.uk/schools/scienceclips/ages/10_11/see_things.shtml 

Game to direct light with mirrors.

http://www.iknow.net/index.html?movie=media/fly_to_retina_360.wmv&player=wm 

Video:  Right into the Retina   tour of the eye

http://www.colorcube.com/illusions/illusion.htm 

optical illusions

http://www.michaelbach.de/ot/ 

Amazing optical illusions, including brightness contrast illusions, some with explanations
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h) _________________





i) _________________





j) _________________





k) _________________





l)__________________





m) ________________











The Application


of the Brightness Contrast Model


to Optical Illusions


in Physical Science





a) _________________





b) _________________





c) _________________





d) _________________





e) _________________





f) _________________





g) _________________





.





Rubber band





Rubber band





Wax paper





Foil 





Cardboard roll





Pinhole 





a) retina





b) optic nerve





c) primary visual cortex





d) Lateral Geniculate nucleus





e) neurons





f) axons





g) photoreceptors





h) iris





i) cornea





j) pupil





k) lens





l) retina





m) optic nerve
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