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INTRODUCTION
In this activity, you and your lab partner pretend to work for a large diaper manufacturer – Raider Rags.  Wishing to make a diaper that is more effective than your major competitor’s, you and your partner have been assigned two tasks:

1. Can a new chemical absorbent called ChemSol, recently developed by your company, be used to manufacture a diaper with better absorbance than your competitor’s diaper?

2. If so, what would you recommend as a new diaper design?  How would you utilize ChemSol in your design?  (For the sake of this activity, just focus on the use of ChemSol as a new type of absorbent.  Don’t consider changes in other diaper components.  In the real world, you would consider these as well.)
Should you be successful at arriving at a new design that is indeed more absorbent, you may help to

a) increase your company’s share of the diaper market and 
b) reduce the quantity of diapers currently finding their way into landfills (since each diaper would hold more fluid).
During this experience, you will be utilizing both the engineering and the scientific process.  What is the difference anyway?  Well, here is one possible answer:

Through science we seek to understand how our world works, basing all of our conclusions ONLY upon observation.

Through engineering we apply available technology and our understanding of how the world works to solve problems.
PART 1:  DISPOSABLE DIAPER REVERSE ENGINEERING

You decide that the first step in this process is to try and figure out how your competitor’s diaper is designed.  You do this by dissecting a diaper.  Attempting to determine how something works and was designed by taking it apart is part of the process called reverse engineering.
1. [image: image1.bmp]Examine one of your competitor’s disposable diapers (each lab group will be given one-half of a diaper).  Think about form and function, why and how does it work?  As you examine your diaper, create a cross-sectional schematic diagram of the important parts (the figure below serves as a basic example). Make sure to note ALL the parts.  Does the cotton feel like normal cotton?   Are there any other parts besides cotton?
2. Remove the cotton batting from the diaper and place it in a plastic bag.
3. Cut (or break-off) an approx. 1” x 1” square piece of cotton batting and put it aside for later use.
4. Break-up the batting in the bag and separate the grainy crystals from the cotton.  After doing this some white crystals (they look like salt granules) will collect in the bottom of the bag.  These are the “white gold”, your competitor’s Super Absorbent Polymer (SAP) -- a dehydrated particle (powder) that will rapidly pick up water.

PART 2:  ABSORBANCY EXPERIMENTS 
1. Obtain a cotton square from your instructors.  This is the type of cotton typically used for cleansing your face.  Place the cotton square in a Petri dish and add 10ml of distilled water (DW).
a) Place the 1” square you saved from your diaper in Part 1 above in a Petri dish and add 10ml of DW.

b) Make some observations. Note differences between your diaper and the plain cotton and arrive at an explanation for the difference between physical and chemical absorbency.
c) This illustrates the difference between a cloth diaper (using physical absorbency) and the disposable diaper with SAP (using both physical as well as chemical absorbency).

2. Place half (.250 grams would be ideal, but it doesn’t have to be that much) of your recovered SAP into a Petri dish and record the exact mass.
3. In increments of about 5 mL, add distilled water (DW) to your competitor’s SAP in the dish.  Note how the crystals rapidly absorb the water.
a) Allow 30-60 sec. for the SAP to absorb the water. 
b) Continue adding water in small increments until the SAP appears to be “saturated”.  The best test for this is what we call the “snail trail test”.  Slowly tilt the Petri dish and watch to see if the SAP slides and leaves a slight liquid trail (like a snail moving) on the dish.
c) Once you see the “snail trail” wait about 60 seconds and then repeat the test.  If it is gone, add a bit more water.  When you see the “snail trail” repeatedly, you are done.  This is not an exact measurement—make sure everyone is in agreement with this procedure.  If you can think of a better one – go for it!! You’re the engineers/scientists!  But describe what you do here fully.
4. Record the total volume of water that was absorbed by your recovered SAP.
5. Calculate the Absorbency Ratio (AR) = (ml DW)/(grams SAP) 
6. Repeat steps 2-5 using salt water (SW) with 0.250 grams SAP.
7. Calculate the AR = (ml SW)/(grams SAP). 

8. Repeat steps 2-7 for the ChemSol absorbent your company has developed (supplied by your instructors).
9. Report your data for DW and SW to your instructor.  This data will be later shared with the class for an analysis of the average absorbency ratio (AR) and experimental error (standard deviation).

REQUIRED MATERIALS FOR EACH GROUP IN PARTS 1 & 2:
· Cotton squares (1’ x 1”) typically used for face cleansing.

· One disposable diaper
· One Ziploc bag, gallon size and Scissors

· Two small containers, like Petri dish halves

· One syringe, pipette or graduated cylinder (10 ml size)

· Water (approx. 200 mL).

· Salt Water (1% wt., approx. 50 ml)
REQUIRED WRITE-UP FOR PARTS 1 & 2:

· Part 1:  #1

· Part 2:  #1b, and a table of all your data for #2-8.  Show all your calculations.  You should have four trials of data – tests with DW and SW for both your recovered SAP and ChemSol.
PART 3:  ANALYZING THE DATA – WHAT DOES IT MEAN? 

To convince others (especially the scientific or engineering communities) that your conclusions are valid, you must present data that supports your conclusions.  When presenting data, you need to communicate at least two things:

1. The error, or uncertainty, that you have in your data.

2. How likely the data you have collected is correct and free from error.  There is always the chance that the measurements you have taken have error and that the actual values of your measurements are something other than what you have observed.

The difficulty here is that you really know nothing about what you are sampling.  What is the actual absorbency ratio of SAP?  If you knew this, you likely wouldn’t be doing your investigation in the first place.  When you measure something, you are sampling.  You might be measuring the calories contained in a nut, the density of an algae culture, the growth of a plant within treated soil, the concentration of arsenic contained in a soil sample, the concentration of H2S present in a gas sample or the ratio of the mass of water absorbed per mass of chemical absorbent used in a commercial diaper.  The actual samples you measure and record are only a few of the possible samples that might be collected.  The body of entire samples is referred to as the “population” that you are sampling from.

For this assignment, you will utilize an Excel spreadsheet to display the class results from the diaper activity.  Next, you will utilized Excel’s tools to

a) determine whether the SAP and the ChemSol different in their ability as a chemical absorbent
b) quantify the certainty in your determined difference between SAP and ChemSol
c) determine whether there is a statistically significant difference between the absorption of DW vs. 1.0% (by wt.) SW.

TOOLS TO USE:
T-TESTS:  Sometimes an investigation attempts to determine if there is a statistically significant difference between two sets of data.  Look at the “T-test” worksheet on the accompanying Excel spreadsheet.  Here, 20 samples of soil have been collected – 10 from Sweet Home and 10 from Corvallis.  The amount of arsenic in these soils has been measured.  When the average arsenic concentration is found for the 10 Sweet Home samples, and then the 10 Corvallis samples, the averages are found to be different.  Is this because there is actually more arsenic everywhere in Sweet Home versus Corvallis?  Or is the fact that the two averages differ simply a result of pure chance -- the fact that only ten samples were taken from each location?  What are the odds, for instance, that the ten Sweet Home samples that are all higher actually don’t represent most of the soil over in Sweet Home, and that Sweet Home soil is actually lower in arsenic concentration?

T-testing is a statistical tool that allows one to begin answering these questions.  T-testing factors such things as the variance in the data points, the difference between the two average values, and the number of data points that were taken.  Smaller variances within each data set, larger differences between average values, and larger numbers of data points usually yield more definitive results.  Excel makes this tool rather simple to use.  The example on the spreadsheet is self-explanatory.  When entering a formula in a cell in Excel, remember to first put an “=” so Excel knows to expect a function or mathematical operation.  After you specify your two columns of data, be sure to include the “2” and “3” as shown below.  To learn what these do, use the Excel Help menu and query “T-tests”.

The procedure for t-testing on Excel:

· Set up your groups of data in columns.

· Use the AVERAGE function to calculate the average.

· Use the STDEV function to calculate the standard deviation.

· Perform a t-test in some cell by entering something similar to the following (you of course will refer to the cells with your data):  =ttest(F5:F14,G5:G14,2,3)

· T-test:  If the T-test results in a value that is less than 0.05, there exists a 95% chance that he difference between the two average values truly exists.  We will say these differences are significant.  If the T-test result is 0.05 or greater, there is now less than a 95% chance a difference exists in the two groups of data, and we will not be so quick to claim that the averages for the two groups of data are indeed statistically different (i.e. it is more likely that the averages are different simply due to chance  -- for instance there weren’t enough lower readings collected to completely cancel readings that were too high).

FOR THIS ASSIGNMENT DO THE FOLLOWING:

1. Open the Excel file having the class diaper data.  Save this file to your H-drive with a new name.

2. Use the AVERAGE and STANDARD DEVIATION functions in Excel to compute both the average and standard deviation for each of the four sets of data below each column:

· AR for DW – SAP

· AR for SW – SAP

· AR for DW – ChemSol
· AR for SW -- ChemSol
3. Define in words what standard deviation is and what it tells you about a collection of data points.

4. Use a column chart to graph the the average values for both types of water and both absorbent materials in four different columns.

5. Place error bars on each column representing a 5% error both above and below the average value displayed in your chart.

6. Determine whether or not there is a statistically significant difference between the average values of each of your four sets of data.  (Hint:  to do this, you must compute some t-tests; you can only take a t-test between two sets of data at any given time.  To test all sets of data with one another, you will therefore need to make six separate t-tests, testing all possible combinations of data.)
7. What conclusions can you draw from your analysis regarding the ability of the SAP absorbent found within the competitor’s diaper and the ability of ChemSol to absorb both DW and SW?  Explain (with reference to specific numbers) how your t-tests support your conclusions (or how you cannot make conclusions due to your t-test results).  Your response here should at least be a couple of paragraphs long.

8. Can you use ChemSol to make a better diaper?  Explain.  Briefly describe a design you would recommend for using ChemSol in a diaper.  Remember to discuss such things as the quantity of ChemSol to use (less is better of course), location in the diaper, and any other details you might think important.  A sketch might be helpful here.

9. Look back at the various parts of this activity over the past 2 DAYS.  For each of the parts of this activity listed below, determine if the part(s) of this activity is more like science or more like engineering.  Explain each of your responses with a sentence.

a) Part 1.

b) Part 2.

c) Part 3,  #2 - #8

d) Part 3, #9 - #10
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