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Purpose

The Brightness Contrast module integrates math and science curricula to study vision, primarily brightness perception.

Materials

*Note:  All of the materials have been developed for students at a standard middle school class level.  Teachers can adapt the materials to best fit their students’ academic ability and grade level.

· Computer equipped with a web browser and Java 5.0

· Moderately dark room

· Brightness Lab experiment and documents – available online at:

http://cns.bu.edu/CELEST/curriculummaterials/brightnesslab.html

· Teacher Instructions

· Classroom Presentation (Power Point)

· Background and Theory

· Software User’s Guide

· Classroom Materials

· Math Focus: Scatter Plots, Correlation, and Regression Analysis

· Neural Network Model for Advanced Studies

· Pen/Pencil

· Ruler

· Calculator

Student Objectives

MIDDLE SCHOOL

Integrated Science

Students will:

1. Recognize the visual spectrum.

2. Identify the structures of the visual system including the eye and the brain.

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

4. Observe and analyze a variety of stimulus patterns that generate different brightness percepts.

5. Relate the perception of brightness with surrounding surfaces (brightness contrast).

6. Complete the Brightness Lab Experiment.

7. Plot coordinates on a Cartesian plane.

8. Interpret and analyze experimental data.

9. Apply the concept of brightness contrast to a real-life situation.

New Jersey Department of Education 

Core Curriculum Content Standards for Science

MIDDLE SCHOOL

Scientific Processes

STANDARD 5.1  All students will develop problem-solving, decision-making and inquiry skills, reflected by formulating usable questions and hypotheses, planning experiments, conducting systematic observations, interpreting and analyzing data, drawing conclusions, and communicating results.
Grades 5-8 

Building upon knowledge and skills gained in preceding grades, by the end of Grade 8, students will:

A. Habits of Mind

1. Evaluate the strengths and weaknesses of data, claims, and arguments.

2. Communicate experimental findings to others.

3. Recognize that the results of scientific investigations are seldom exactly the same and that replication is often necessary.

4. Recognize that curiosity, skepticism, open-mindedness, and honesty are attributes of scientists.

B. Inquiry and Problem Solving

1. Identify questions and make predictions that can be addressed by conducting investigations.

2. Design and conduct investigations incorporating the use of a control.

3. Collect, organize, and interpret the data that result from experiments. 

Mathematical Applications

STANDARD 5.3  All students will integrate mathematics as a tool for problem-solving in science, and as a means of expressing and/or modeling scientific theories.

Grades 5-8 
Building upon knowledge and skills gained in preceding grades, by the end of Grade 8, students will:

A. Numerical Operations

1. Express quantities using appropriate number formats, such as:

· decimals.

· percents.

· scientific notation.

B. Geometry and Measurement

1. Perform mathematical computations using labeled quantities and express answers in correctly derived units.

C. Patterns and Algebra

1. Express physical relationships in terms of mathematical equations derived from collected data.

D. Data Analysis and Probability

1. Represent and describe mathematical relationships among variables using:

· graphs.

· tables.

2. Analyze experimental data sets using measures of central tendency:

· mean.

· mode.

· Median.

3. Construct and use a graph of experimental data to draw a line of best fit and identify a linear relationship between variables.

4. Use computer spreadsheets, graphing and database applications to assist in quantitative analysis of data.

Nature and Process of Technology

STANDARD 5.4  All students will understand the interrelationships between science and technology and develop a conceptual understanding of the nature and process of technology.

Grades 5-8

Building upon knowledge and skills gained in preceding grades, by the end of Grade 8, students will:

A. Science and Technology

1. Compare and contrast science with technology, illustrating similarities and differences between these two human endeavors.

B. Nature of Technology

1. Analyze a product or system to determine the problem it was designed to solve, the design constraints, trade-offs and risks involved in using the product or system, how the product or system might fail, and how the product or system might be improved.

C. Technological Design
1. Recognize how feedback loops are used to control systems.

Characteristics of Life

STANDARD 5.5  All students will gain an understanding of the structure, characteristics, and basic needs of organisms and will investigate the diversity of life.

Grades 7-8
Building upon knowledge and skills gained in preceding grades, by the end of Grade 8, students will:

A. Matter, Energy, and Organization in Living Systems

1 Recognize that complex multicellular organisms, including humans, are composed of and defined by interactions of the following:

· cells.

· tissues.

· organs.

· systems.

Physics

STANDARD 5.7  All students will gain an understanding of natural laws as they apply to motion, forces, and energy transformations.

Grades 7-8
Building upon knowledge and skills gained in preceding grades, by the end of Grade 8, students will:

B. Energy Transformations

1 Recognize that the sun is a major source of the Earth's energy and that solar energy includes visible, infrared and, ultraviolet radiation.

2 Describe the nature of various forms of energy, including heat, light, sound, chemical, mechanical, and electrical and trace energy transformations from one form to another.

4 Show that light is reflected, refracted, or absorbed when it interacts with matter and that colors may appear as a result of this interaction.

Astronomy and Space Science

STANDARD 5.9  All students will gain an understanding of the origin, evolution, and structure of the universe.
Grades 7-8
Building upon knowledge and skills gained in preceding grades, by the end of Grade 8, students will:

C. Stars

1 Understand that the sun is a star and that it shares characteristics with other stars.

D. Galaxies and Universe

1 Know that the universe consists of many billions of galaxies, each including billions of stars.
Suggested Order of Instructions

1. As the instructor, read Background and Theory and review all other Brightness Lab documents.

2. Assignment for Students: Complete the focus section of the interactive notebook first.  Each activity page takes about 15 minutes.

3. Explain the steps necessary to run and use the Brightness Lab Experiment using the Brightness Contrast Software User’s Guide and the Class Presentation slides, beginning at the first slide labeled “Experiment: Brightness Contrast.”  *You may choose to have a student demonstrate the experiment instead of using the PowerPoint slides as directions. (~15 minutes)

4. Have the students complete the Brightness Contrast experiment independently or in pairs.  Students may use the Software User’s Guide as reference for directions. (~15 – 20 minutes)

5. Have the students complete 

· tables and graphs 

· worksheets

· quiz 

· your alternative form of assessment  

Grading Rubric

This rubric can be used to assess individual student achievement upon completion of the Brightness Contrast Classroom Materials.  (Teachers determine the point value given to each assignment.)  

Student Name: _________________________________________
Date: _____________

	ASSIGNMENT
	POINT VALUE
	POINTS EARNED

	Brightness Contrast Lab – Vocabulary


	
	

	Brightness Contrast Lab – Background and Theory Worksheet


	
	

	Brightness Contrast Lab – Experimental Data Collection, Analysis, and Interpretation

~Section A

~Section B

~Section C

~Section D
	
	

	Vision Quiz


	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Brightness Contrast Lab – Mathematics Worksheet


	
	

	           TOTAL


	
	


Lab Report Rubric

Name ______________________________ Date ________________ Period _____

	Component Weight 

10 points each
	Expert
	Semi-Pro
	Amateur
	Novice
	Missing
	Points Earned

	
	10
	8
	7
	6
	5
	

	Heading 
	Includes all five components of a heading.
	Missing only one component of a proper heading.
	Missing two or more components of a proper heading.
	Does not include majority of heading information.
	Missing. 
	 

	Purpose/ Problem
	Addresses a real issue directly related to the experiment.
	Addresses an issue somewhat related to the experiment.
	Addresses a memory issue, which is unrelated to the experiment.
	Does not address an issue related to the experiment.
	Missing.

 
	 

	Hypotheses
	Includes supported predictions for all three phases of the experiment.
	Includes predictions (without support) for all three phases of the experiment.
	Includes predictions for two phases of the experiment.
	Includes a prediction for only one phase of the experiment.
	Missing.
	 

	Materials
	Includes a complete list of materials.
	Includes a list of most of the materials.
	Includes a list of some of the materials.
	Includes few materials, not in list format.
	Missing.
	 

	Procedure
	Presents easy-to-follow steps, which are logical and adequately detailed.
	Most of the steps are understandable; some lack detail or are confusing.
	Some of the steps are understandable; most are confusing and lack detail.
	Not sequential, most steps are missing or are confusing.
	Missing.
	 

	Data & Observations
	Data tables, graphs, and observations neatly completed and  accurate.
	Data tables, graphs, and observations complete, some inaccuracies.
	Data tables, graphs, and observations complete, many inaccuracies.
	Data tables, graphs, and observations incomplete and are inaccurate.
	Missing.
	 

	Data Analysis
	All questions answered and correct.
	All questions answered with some inaccuracies.
	All questions answered with many inaccuracies.
	Few questions answered and are inaccurate.
	Missing.

 
	 

	Conclusion
	Explanation of findings is logical and addresses all of the prompts.
	Explanation of findings is logical and addresses some of the prompts.
	Explanation is illogical and addresses few of the prompts.
	Explanation is illogical and does not address any of the prompts.
	Missing.
	 

	Grammar & Spelling
	All grammar and spelling are correct.
	Few grammar and/or spelling errors.
	Some grammar and/or spelling errors.
	Very frequent grammar and/or spelling errors.
	Missing.
	 

	Attractiveness
	Typed following all formatting directions, 
	Typed following most formatting directions.
	Typed, 
	Hand-written.
	Illegible
	 

	Total 
	


Name: ANSWER KEY





Date: ____________

Brightness Contrast Lab – Vocabulary ANSWER KEY

Directions:  Using the background information presented to you by your teacher as well as your knowledge of science, fill in the definitions for the following terms.

1.  visible spectrum - The portion of the electromagnetic spectrum that is visible to the human eye. The visible colors are red, orange, yellow, green, blue, indigo, and violet, along with various combinations and shades of these colors.                                          
2.  illuminant – A light source

3.  illuminance – The amount of light energy emitted from an illuminant or reflected from an object’s surface, labeled I.
4.  luminance – The amount of light energy in wavelengths that human are sensitive to that enters the eye from a light source or an object’s surface, labeled E.
5. reflectance  - A physical property of an object’s surface, defined by the ratio, labeled R, of the luminance divided by the illuminance of that surface; i.e. R = E/I.
6.  brightness - A subjective measure of the perception of luminance. 
7.  brightness constancy - The fact that our brightness percept of a given surface in a given environment is approximately constant over a large range of illuminating conditions.
8.  brightness contrast - The fact that our brightness percept of a given surface is reversely related to the luminance of the immediate surroundings of that surface; i.e. the lighter the surrounding is, the darker the percept is, vice verse.

9.  visual pathway – The circuit in the brain that creates visual experiences.

10.  mean  - The value obtained by dividing the sum of a set of quantities by the number of quantities in the set; also called average. 
Name: ANSWER KEY





Date: ____________

Brightness Contrast Lab – Background and Theory Worksheet ANSWER KEY
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) the 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 


B.  only reflected light

2.  Which of the following is a subjective measurement?


C.  brightness

3.  Dark surfaces


B.  reflect little of the light that falls on them

4.  Light surfaces


B.  reflect most of the light that falls on them
5.  Brightness, how light or dark an object’s surface appears to a person, is affected by


B.  the object’s surrounding luminance

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

1.  How is light, as a form of energy, measured?

Light is measured in wavelengths and frequency.
2.  What is the range of wavelengths, in nanometers, that the human eye can detect?  Why is this range so limited?

The range of wavelengths in visible light that the eye can detect is 380-760 nm.  It is limited because the photoreceptors in the human eye are only able to respond to this wavelength range. 

D.  Label the Diagram – Fill in the appropriate term for each labeled structure.


[image: image16.png]



 Name: ANSWER KEY





Date: ____________


Brightness Contrast Lab – 

Experimental Data Collection, Analysis, and Interpretation ANSWER KEY 

SECTION A: Questions on Classroom Presentation  

Directions – Use complete sentences to answer the following questions.

1.  On which side of the brain is the right half of the visual field processed?

The right visual field is processed on the left side of the brain in the primary visual cortex (V1).

2.  Given the same luminance, what surface would have the most reflectance: a black surface or a white surface?

A white surface is more reflective and therefore has the most reflectance.
Reflectance = luminance/illuminance. 
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3.  Refer to the picture above.  In your own words, explain why the ratio of side A is greater than the ratio of side B.

The Outer A square is darker and has a lower reflectance than Outer B square.  The reflectance of Inner A and Inner B are equal.  This makes the ratio of E(Inner A)/E(Outer A) larger than the ratio E(Inner B)/ E(Outer B) because the numerator is larger and the denominators are the same value.

SECTION B: Quesitons on Experiment Overview
Directions – Use complete sentences to answer the following questions.
1.  Give an example of brightness contrast.

Any example of an object that has a different color or shade than the surrounding area.  Example, a book on a table or words on a piece of paper. *Student answers may vary.

2.  In your own words, describe what a scientific or mathematical model is.

A scientific or mathematical model is a model used to explain and reproduce observations in the real world. *Student answers may vary.

SECTION C: Questions on Experiment Directions

Directions – Circle the letter that best answers each question.
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For the following multiple choice questions, refer to the image above.

1.  You will change the brightness of which section during the Brightness Lab trials?


C.  Inner B

2.  Which sections remain constant throughout all of the Brightness Lab trials?  (You may circle more than one answer for this question.)


A.  Inner A


D.  Outer B

SECTION D:  Data Collection and Analysis

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
	
	
	
	


*Student answers may vary as they are dependent upon the experiment. Compare the results with the students’ printed results from the experiment.  The mean is the sum of all three trials in one row divided by 3. 

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.  

*Student graphs will vary based on their data.  Below is an example of the expected trend.  For question 4, the line at 50 is not drawn in the figure below.
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Answer the following questions using the data in Table 1 and the corresponding line graph.

1.  Name the independent variable and the dependent variable.

The independent variable is the Outer A luminance and the dependent variable is the mean Inner B luminance.
2.  What is the relationship between Outer A luminance and mean Inner B luminance?  How is one dependent on the other?

As the Outer A luminance increases, the mean Inner B luminance decreases.

3.  What happens to the brightness of mean Inner B on the y-axis when Outer A luminance values on the x-axis are above the value of 50?  Hint: compare to value of Inner A. 

The brightness of mean inner B appears darker (less than 50) than the brightness of inner A when the luminance of outer A is greater than 50.

(((((((((((((((((((((
Complete the table below using the following directions:

1.  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. 

2.  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
	


*Student answers may vary as they are dependent upon the experiment and calculations.

3. 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 that you 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.

*Student graphs will vary based on their data.  Below is an example of the expected trend.  
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Answer the following questions using the data in Table 2 and the corresponding line graph.

1.  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.
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2. 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.  *Student answers may vary based on their data.

SECTION E: Real-life Application

Look around your classroom.  Identify two areas where you observe brightness contrast.  Using complete sentences, explain what brightness contrast is and how it applies to the areas you have selected.
*Student answers may vary.  Everything is an example of brightness contrast.  In order to receive full credit, the student has to convey that two objects differ in color.  It is the difference that matters, not the actual color or shade.  A good example is that objects or walls appear the same color regardless of whether the lights are on or off.

Name: ______________________________________________
Date: ____________

Vision 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 retina, lateral geniculate nucleus, and primary visual cortex (V1) are parts of the visual pathway that enable you to see. 


* Note: optic nerve is also correct
5.  As illuminace increases, luminance increases.
II.  Multiple Choice – Circle the letter that best answers the question.

Refer to the figure below to answer questions 6 and 7.
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6.  The wavelengths of the visible spectrum can be best measured in which of the following units?


D. nanometers

7.  Which of the following cannot be detected by the human eye?


D.  all of the above

8.  Which of the following choices shows the correct visual pathway?


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

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 is reflectance constant?

Reflectance remains constant because it is a percentage of the amount of light reflected off of a surface. As illuminance changes, the luminance will change in the same magnitude.  Since they both change in the same magnitude of each other, the division of E/I remains constant.

IV.  Real-life Application - Answer the following question in one or more paragraphs.

You are running for class president.  You want to design a t-shirt that advertises your name and a catchy campaign slogan.  You want to make sure that the name and slogan on the t-shirt stands out and catches people’s eye!  When ordering the t-shirts, the salesperson gives you the following options:

1. A white t-shirt with yellow letters

2. A black t-shirt with yellow letters

Using the information that you learned in this lab, explain which of these options is the best choice for your t-shirt.  When explaining your answer, you must use the following terms:  brightness, brightness contrast, reflectance.
In order to receive full credit, the student must use the following terms: brightness contrast and reflectance.  The student must also convey: 1. The understanding that ‘brightness is a subjective measure of the perception of luminance’ and 2. That perception of the yellow letters is in reference to the color of the shirt.  Since the yellow is highly reflective, white is highly reflective and black has low reflection, the difference between yellow and black is greater than the difference between yellow and white. Bonus points up to full credit should be awarded if the student mentions that yellow on black will appear larger than yellow on white.  This is because brighter objects appear larger and yellow on black will appear brighter than yellow on white.

Name: ______________________________________________
Date: ____________

Brightness Contrast Lab – Mathematics Worksheet

Directions:  Using the illuminance, luminance, reflectance, and brightness explanation from Section 5 in the Background and Theory document, answer the following questions.

1. Given the illuminance (amount of light falling on the surface) and luminance (amount of light perceived by an eye) values in Tables 1 and 2 below, calculate the reflectance ratios of the respective surfaces. 

Table 1: Black Chalkboards

	Illuminance (lx)
	Luminance (cd/m2)
	Reflectance Ratio

	100
	2.0
	0.02

	100
	3.0
	0.03

	100
	4.0
	0.04

	100
	5.0
	0.05


Table 2: Gray Chalkboards
	Illuminance (lx)
	Luminance (cd/m2)
	Reflectance Ratio

	100
	15
	0.15

	100
	30
	0.30

	100
	40
	0.40

	100
	50
	0.50


2.  Scaling the illuminance and luminance will produce equivalent reflectance ratios. Double the values of illuminance and luminance from Tables 1 and 2 and insert them into Tables 3 and 4.  Calculate the reflectance ratio for the respective surfaces.

Table 3: Black Chalkboards

	Illuminance (lx)
	Luminance (cd/m2)
	Reflectance Ratio

	200
	4.0
	0.02

	200
	6.0
	0.03

	200
	8.0
	0.04

	200
	10.0
	0.05


Table 4: Gray Chalkboards

	Illuminance (lx)
	Luminance (cd/m2)
	Reflectance Ratio

	200
	30.0
	0.15

	200
	60.0
	0.30

	200
	80.0
	0.40

	200
	100.0
	0.50


When the amount of light that falls on a surface doubles, the amount of light emitted by the surface also doubles; therefore, reflectance remains constant.  You can see this by comparing Tables 1 and 2 with Tables 3 and 4.

3. Have the new reflectance ratio values for the surfaces changed? 

No, the reflectance ratio values for all of the surfaces remained the same even though the illuminance and luminance values doubled.

4. Have the new reflectance ratio values for the surfaces remained the same? 

Yes, even when both the illuminance and luminance values doubled, the reflectance ratio values remained constant.

5.  How do the reflectance ratio values of the black and gray chalkboards compare?  If one is greater than the other, why?

The gray chalkboard has higher reflectance ratios than the black chalkboard because the black chalkboard is darker and absorbs more light.

6. Given the illuminance and luminance values in Tables 5 and 6, calculate the reflectance ratios of the respective surfaces. 

Table 5: Black Chalkboard with White Chalk

	Black Chalkboard
	Illuminance (lx)
	Luminance (cd/m2)
	Reflectance  Ratio

	Black  (Background)
	100
	5.0
	0.05

	White chalk
	100
	81
	0.81


Table 6:  Gray Chalkboard with White Chalk

	Gray Chalkboard
	Illuminance (lx)
	Luminance (cd/m2)
	Reflectance Ratio

	Gray  (Background)
	100
	30
	0.30

	White chalk
	100
	81
	0.81
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6. Calculate the reflectance ratio, R(a)/R(b), for both the black and gray chalkboards with white chalk.  Use the information from Tables 5 and 6 and Equations 1 and 2 to solve for the reflectance ratios.  Let E1 represent the luminance of the white chalk, E2 represent the luminance of the background, I1 represent the illuminance of the white chalk, I2 represent the illuminance of the background, R(a) represent the reflectance of the white chalk, and R(b) represent the reflectance of the background. 

Table 5:
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Table 6:
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7. Compare the reflectance ratios you calculated in question #6.  How much brighter is the white chalk against the black chalkboard than the white chalk against the gray chalkboard?  Explain why. 

The white chalk on the black chalkboard has a brightness of 16.2 while the white chalk on the gray chalkboard has a brightness of 2.7.  This is because there is a larger difference in luminance between the white and black than white and gray.

Name: ______________________________________________
Date: ____________

Brightness Contrast Lab – 

Experimental Data Collection, Analysis, and Interpretation 

You have just completed an experiment about brightness.  Without even knowing it (though perhaps you did!), you applied a scientific way of thinking to complete this experiment.  This way of solving a problem is known as the scientific method.  In this section, you will identify the components of the scientific method and their use in this experiment.

Purpose  

The purpose is what you are trying to find out in the experiment.  It can be written in the form of a question.  This question is solved through inquiry, observation, and experimentation.

1.  What was the purpose of this experiment?

The purpose of this experiment was to observe the phenomenom of brightness contrast and its effects on our vision.

Hypothesis

The hypothesis is an educated guess based on prior knowledge that can be tested to determine if it is true.  A hypothesis seeks to answer the question proposed by the purpose and is made before experimentation.

2.  What hypotheses did you develop during the experiment? (There may be more than one!)

*The student should make a prediction about how the changing of the Outer A luminance and the changing reflectance ratio affected how we perceived Inner B and the values we chose for it.
Materials

The materials everything you used to complete an experiment.  When appropriate, amounts and units should be included in a material list.

3.  List the materials needed to complete this experiment.  (You may not need to use all of the lines provided here.)

Computer (with Internet access)

Software User’s Guide

Classroom Materials Packet

Pen/Pencil

Calculator

Procedure

The procedure is a step-by-step detailed guide explaining how to conduct the experiment.  

4.  List the steps required to complete the experiment.  Step 1 is completed for you.

1.  Open a web browser and access the experiment by typing the following URL: http://cns.bu.edu/CELEST/curriculummaterials/brightnesslab.html

2.  Click the “Run Brightness Lab” link at the bottom of the page.


3.  Enter your name in the box and click on the “Next” button.


4.  Read the overview of the experiment, and then click the “Next” button.


5.  Read the directions to the experiment.


6.  Click the “Begin Experiment” button.

7.  Using the mouse to move the slider and/or to click the “+” and “-“ buttons (both at the bottom left corner of the screen),  match the luminance of Inner B to the luminance of Inner A.

8.  Click the “Next Match” button.

9.  Complete step 7 and 8 for the remaining trials.

10.  After completing the final trial, click the “Next Match” button to display your results.

11.  Complete the Classroom Materials Packet.  

Data and Observations

Events can be described using variables that characterize the event. Data are the values of these variables. Data are quantitative (numerical, gained by measurement) or qualitative (categorical, gained by observation) information. Data collected during an experiment are used to gain knowledge.

5.  In what form(s) were the data displayed in the experiment?

In this experiment, the data were displayed in tables and line graphs.

6.  In the experiment, was the information contained in the forms of data from Question 5 quantitative or qualitative?  Explain your answer.

In this experiment, the data contained in the tables and the line graphs were quantitative.  We know this because quantitative data in numerical.

7.  Look at your results and make three observations about the data.

*Student answers may vary.

Data Analysis

Data analysis is critically examining the results of an experiment.  Specifically for this experiment, it is drawing conclusions based on the quantitative and qualitative results.  Once you have your data, you can find out how it relates to your working memory!

Using the printout of your Summary Results screen, answer the following questions.

8.  Compare the two data tables made in Section D of the Experiment Packet.  What is the purpose of each table?

The purpose of Table 1 was to compare the values of the mean luminances of Inner B to the luminances of Outer A.  The purpose of Table 2 was to compute the ratio of the luminances of Inner and Outer A.

9.  Recall the term brightness contrast.  Observing your graphs from Section D of the Experiment Packet, determine whether or not your results show brightness contrast.  In detail, explain how you arrived at this conclusion.

*Student’s answers may vary with their results from the experiment.

10.   Determine the relationship between the two variables in both graphs.

In Graph 1, as Outer A luminance increases, the mean Inner B luminance decreases.  In Graph 2, as the mean Inner B luminance increases, the ratio of the Inner A luminance to the Outer A luminance increases.

Conclusion

The conclusion is a summary of the research and the results of your experiment and a description of the interpretation of these results.  State whether your data support or reject your hypotheses.  Every experiment is subject to errors - technological, human, etc.… - and these should be addressed in the conclusion as well.

11.  Write your conclusion.  Include how this experiment involves brightness contrast and how your results can be applied to a real-life situation. 

*Student answers will vary.  All student answers should:
- state whether or not their data support or reject their three hypotheses

- discuss sources of error

- apply their results to a real-life situation

a) Retina





b) Optic Nerve





c) Lateral Geniculate Nucleus (LGN)





d) Primary Visual Cortex (V1)





e) Neurons





f) Axons





g) Photoreceptors


g) _________________























Reflectance Ratio = 2.7





Reflectance Ratio = 16.2
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