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Name_______________________________ Date________________________ Period ______ 

Ultra-Violet (UV) Protection Lab Activity: 

Teacher Instructions & Answer Key
Summary of Materials to Order Ahead of Time

Source: Educational Innovations (www.teachersource.com)

Portable UV light - 1 (#UV-635, $10.95 each)
Purple UV beads -1 set (#UV-PUR, $6.95 per 250 bead package)
UV Bead Color Guide - 1 set per lab group (#UV-360, $2.95 each)
Clear UV blocking glass  - 1 set (#FIL-235, $9.95 per set of two discs)

Introduction

It is important to protect our skin from damaging UV radiation, but how do we know how well we are protecting ourselves? Is wearing a light shirt at the beach as effective as wearing sunscreen? Is it better protection? Do thicker, whiter sunscreens protect us better than transparent sprays? Can we tell how well something will block UV by looking at its appearance?

Lab Explanation
In this lab students should discover that opacity and UV blocking are not related. Clear substances can be UV blockers and some opaque substances are not very good UV blockers. This is true because UV and visible light have different wavelengths and frequencies, thus they can interact differently with the same substance.
Research Question

In this lab you will be investigating the following research question:

· Does the appearance of a substance (its opacity) relate to its ability to block UV light?

Opacity

The opacity of a substance is one way to describe its appearance. Opacity is the opposite of how transparent or “see-through” something is; for a completely opaque substance, you cannot see through it at all. Opacity is a separate property than the color of a substance – for example, you can have something that is yellow and transparent like apple juice or something that is yellow and opaque like cake frosting. 

Hands-On Opacity Examples 

· Yellow frosting and yellow food coloring in water

· Grape juice (full concentration and several glasses of watered down versions)
· Stained glass (show different pieces of the same color but varying opacity)

Hypothesis

Do you think that UV blocking ability relates to a substance’s opacity? Would you expect transparent or opaque substances to be better UV blockers? If you are right, what implications does this have for how you will protect yourself the next time you go to the beach? Write down your best guesses to answer these questions and explain why you think what you think.

Judging Student Hypotheses

Student answers may say that they are, are not, or are partially related. Student answers should not be judged on the correctness of the hypothesis, but can be evaluated on:

· The consistency of the answer (if they do relate than they should predict opaque substances to block better, if they don’t relate, neither group of substances should be expected to be better blockers)

· Their justification for their answer (are they basing it on personal experience, scientific knowledge, etc.) 

Materials 

· Assorted white substances varying in opacity (for example: different sunblocks, sunscreens, sungels, glass pieces, white t-shirts of varying thicknesses, white tissue paper, white paper of varying thicknesses, laundry detergent, white paint, white face makeup)

· Eight paper cups

· One micro spoon

· Sunscreen Smear Sheet (Xerox form at the end of the lab onto acetate transparencies) 
· Black construction paper (For judging opacity of white substances)

· UV light source (Available from Educational Innovations, Inc., #UV-635, direct sunlight on a bright day will also work)

· UV sensitive bead testers (Made from the following, instructions below)

· UV sensitive beads (Available from Educational Innovations, Inc., #UV-PUR)

· Large wooden craft sticks

· Super glue

· UV bead color guide (Available from Educational Innovations, Inc., #UV-360)

· Cotton  swabs (for apply sunscreen to the Sunscreen Smear Sheet)

· Alcohol wipes (for cleaning sunscreen off the Sunscreen Smear Sheet)

Making UV Beads into “Bead Testers”

To make the beads into bead testers you will need to melt them and glue them to wooden craft sticks. This makes them much easier for handling and applying sunscreen:

Here are the directions for melting and mounting the beads as discs.  

1. Preheat oven or toaster oven to 300ºF.

2. Cover a cookie sheet with aluminum foil.  

3. Arrange beads on the cookie sheet.  Place them one inch from each other and make sure they are laying flat on the sheet.

4. Place beads in oven and set timer for 15 minutes.

5. When 15 minutes is over, the beads should have melted and now look like clear discs.

6. Remove from oven to cool. They will harden to white discs within five minutes.

7. Using super glue, attach one disc to a large wooden craft stick.  Each student group should have three disc sticks, one labeled “C1” for Control 1, one labeled “C2” for Control 2, and the third labeled “E” for Experimental.  

Alternative Option:  Super glue two discs directly onto the UV bead color guide tube. If you choose to do this, mount the beads while they are slightly malleable and not cooled completely—approximately 1-2 minutes after removing melted beads from the oven.  

Choosing Substances for Students to Test

You will want to have a selection of substances that range in both blocking ability and appearance (from clear to opaque). Here are some suggestions of substances to use:

· “Old” zinc-oxide sunblock that goes on white (As a substitute, Desitin is a cream sold for diaper rash that contains 40% zinc oxide.)

· “New” nano zinc-oxide sunblock that goes on clear

· A variety of regular sunscreens

· Clear sunscreen gels or sprays

· Clear UV blocking glass or plastic (A set of two clear plastic discs, one UV blocking, one not is available from Education Innovations, Inc., #FIL-235, $9.95 per set of two discs)

· White t-shirts of varying thickness

· Liquid laundry detergent (the ones with whitener will block some UV light)

· Old white t-shirts (if the old ones have been washed many times with whitening detergent they will block some UV light)

· White paper of vary thickness (tissue paper, printer paper, construction paper)

· White paint or white face make-up

Important Notes on Using Sunscreens

· Make sure to tell students not to put the sunscreen on their bodies in case of an allergic reaction

· To avoid mess, you may want to have sunscreens available to students in a bowl or large cup
Procedure  

Part I: Choose Your Samples

Goal: Choose a group of substances from the ones provided by your teacher that you think will best help you determine if opacity is related to UV blocking. 

· Obtain eight small paper cups.  Obtain a small sample of each of the substances you have chosen.  Label each cup with the name of the substance.

Tip: Try to choose substances that vary in their opacity and that you would expect to vary in their blocking ability.

Part II:  Judge the Opacity

Goal:  To make observations about the appearance (opacity) of the substances you chose, using your eyes as the instruments. 

· Obtain a Sunscreen Smear Sheet.  Place it on top of a black sheet of paper. 

· Label one square with the name of each substance you are going to test.

· Use the micro spoon to measure out the first substance (make sure to use an equal amount of all the other substances). 

· Then use the cotton swab to smear the substance onto the Sunscreen Smear Sheet, evenly covering a whole square with a thin layer. (For solid substances, just place them on top of the sheet).

· How well can you see through the substance to the black sheet of paper?

· Use the Opacity Guide on the next page to rank each sample on a 1 to 5 scale. 

Use 5 to represent no opacity (you cannot see the substance at all). 

Use 1 to represent complete opacity (you can’t see any black through the sample).

· Record your observations into the Data Chart in this packet.

· Repeat for each of your substances.
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Opacity Guide

Part III:  Test the UV Blocking 

Goal: Use UV-sensitive beads to determine how effective your chosen substances are in blocking UV-light.
Student Question: Why don’t we judge UV blocking ability with our eyes?
Answer: Because our eyes can’t detect UV light, we need to use something that can 


· Obtain 3 UV bead testers:

· Bead Tester “C1” for Control 1. This bead will always be kept out of the UV light and will show you the lightest color that the bead can be.  Keep this in the envelope until you need it.

· Bead Tester “C2” for Control 2. This bead will always be exposed to the UV light and should always change color to let you know that the UV light is reaching the bead. This bead will show you the darkest color that the bead can reach.
· Bead Tester “E” for Experimental. Keep this in its envelope so that it is not exposed to any UV light while you are not using it.

Checking Bead Tester C1 and C2
· Use UV bead color guide to record the initial bead color number (2-10) of C1 on your data chart.

· Expose C2 to the UV light for 30 sec. and quickly compare it to the UV bead color guide. Record the bead color number (2-10) on your data chart.

Using Bead Tester E with Your Substances

· To test the UV blocking of a substance, hold Bead Tester E under the square for that substance on the Sunscreen Smear Sheet. (For solid substances, just hold Bead Tester E directly behind them).

· Expose Bead Tester E (covered by the substance) and Bead Tester C2 (uncovered) to your UV lamp (or direct sunlight) for 30 secs. 

· Take both Bead Testers out of the light, uncover Bead Tester E, and observe any changes to the color of the beads using the UV bead color guide. Record the bead color number (2-10) for both E and C2 on your data chart.

Tip 

For solid substances, student may confuse the shadow cast by the object with the color change of the bead. The best way to accurately judge the color change of a bead with a shadow on it is by placing the color guide in the shadow as well.

· Repeat for each of your substances.

Data Chart

Initial C1 Bead Color Number________



Initial C2 Bead Color Number_________
	Substance Name 

(Include SPF if applicable)
	Appearance

(Describe)
	Opacity

(1 to 5 rating)
	Color of UV bead “E”

(2 to 10 rating)
	Color of UV bead “C2”

(2 to 10 rating)
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Analysis

Tip

Students may have difficulties understanding that “no pattern” can be an important and informative finding. After giving students a chance to work on the analysis section in their groups, you may want to have them come together as a class to discuss their results and focus specifically on what it means to not have a pattern and how you know whether you have “no pattern” or “not enough data.” If there is time, you may want to combine student data into one giant chart and discuss the results with students.

Now you need to analyze your data to see if it helps to answer the research question: Does the appearance of a substance (opacity) relate to its ability to block UV light? One of the ways that scientists organize data to help them see patterns is by creating a visual representation. Below you will see a chart that you can use to help you analyze your data. 

To fill in the chart, do the following for each substance that you tested:

1. Find the row that corresponds to its opacity.

2. Find the column that corresponds to its UV blocking ability. 

3. Draw a large dot ( in the box where this row and column intersect.

4. Label the dot with the name or initials of the substance.

After you have filled in the chart, answer the analysis questions that follow.
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5. Look at the visual representation of your data that you have created and describe it. Note any patterns that you see. Remember that seeing no pattern can also give you important information.

Answer

Ideally the dots will be scattered randomly throughout the graph and not show any pattern. Individual data sets may show some concentration of dots in a particular part of the chart due to the substances tested, but there should not be a “line” of dots in any direction that would indicate a correlation between opacity and UV blocking ability. You may want to discuss with students the difference between a pattern (most dots are in the lower left corner) and a relationship (dots form a line showing how one variable varies with the other.)

2. What pattern would you expect to see if there is a relationship between the appearance of a substance (opacity) and its ability to block UV light? Draw the pattern by coloring in the grid below.
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Tip

Students might say the opposite (a diagonal line running from the bottom left to the top right indicating that more transparent substance block better) which is possible (though counter-intuitive). If they say this, ask them to justify why they think this would be.

3. Does your chart match the pattern you would expect to see if there is a relationship between opacity and UV blocking ability?

Yes

No

I’m not sure

Tip

Either the 2nd or the 3rd answer can be correct; students should not have data that supports a relationship between the variables.

4. What does this answer mean in practical terms? What does it tell you about well you can judge the effectiveness of sun protection by looking at its appearance? How might this affect your sun protection activities?

Answer

The answer of “no pattern” means that you cannot tell how well something will protect you from the sun by looking at its appearance. For example, clear sunglasses can provide UV protection to your eyes and a white tee-shirt may not fully protect the skin underneath. This means that it is very important to pay attention to SPF (and other) ratings of sun protection and not make assumptions based on appearance.

5. Do you think that increasing the number of substances you tested would change your answer? Why or why not?

Answer
No, adding substances will help clarify the answer in situations where the data is not clear, but it should not change an answer strongly supported by the data.

6. How confident are you that the answer you came up with is correct? Do you think that increasing the number of substances you tested would change how sure you are of your answer? Why or why not?


Answer

Students should discuss their confidence in relation to their data. For example the amount of data points they have, the range of substances they tested (and that were available to them).

More data points would make the existence (or lack of a pattern) more clear. It also increases confidence that the data points found were not “flukes” but representative of the overall pool of possible substances to test.

Conclusions

1. Answer the research question:

Yes, there is a relationship.

No, there is not a relationship. 

I’m not sure if there is a relationship.

Tip

Either the 2nd or the 3rd answer can be correct; students should not have data that supports a relationship between the variables.

2. This is how the evidence from the experiment supports my answer: (Make sure to be specific and discuss any patterns you do or do not see in the data.) 

Answer

Students should discuss how their data compares to what data for a pattern would look like.

3. Identify any extra variables that may have affected your experiment:

Answer

Possible answers include the amount (thickness) of sunscreen applied and incomplete cleaning of sunscreen from previous trial. 

If you are using natural sunlight, the amount of UV light shining on the beads may also vary between trials. If this is the case, students should notice differences in the bead color number for C2 between trials.

4. How could you control for these variables in future experiments? 

Answer

Possible answers include measuring sunscreen for application and the use of disposable tester sticks.

5. What changes would you make to this experiment so that you could answer the research question better?

Answer

Possible answers include using more substances (students should give examples) and using better measurement tools (for example beads with a permanent color change, a digital color reader etc.).

6. All experiments raise new questions. Sometime these come directly from the experiment and others are related ideas that you become curious about. What is a new research question that you would want to investigate after completing this experiment? 

Answer

Possible answers include the relationship between color (hue) and blocking ability, the relationship between blocking claims (advertising) and blocking ability and the relationship between amount applied (of sunscreen) and blocking ability.
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