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Classy Smellers?  Dartmouth Students & Cheap Perfume

Introduction
In the United States, people spend more and more money on beauty products all the time; to us, there seems to be a never-ending race to win the prize of ‘most aesthetically pleasing.’  One way in particular that people choose to make themselves more attractive is through wearing a particular scent.  Often, these perfumes can cost an exorbitant amount of money: a designer perfume, such as Gucci “Rush”, can cost up to $100 for a relatively small bottle. Our question is: Is that special pricey scent really the ticket to romance and bliss?  

We went to WalMart this week and found that knock-offs of a similar scent are distributed for a significantly lower price for the same quantity.  For example, we purchased a tiny bottle of Calvin Klein CK One perfume for $12.95, and a tall bottle of WalMart’s knock-off, called You for $2.95.  We then decided to administer a test to 50 Dartmouth students at random.  Our goal was to determine whether people could distinguish the difference between the real perfume and the knock-off version, and if they could, to determine which scent they preferred.
Pretest Hypotheses
Before we administered our test, we first established a null hypothesis.  The null hypothesis was that, of the people who could tell the difference between the two perfumes, they would not be able to distinguish the difference between the two perfumes.  In this case, p = .5.

In reality, however, we guessed that people would prefer the smell of the real CK One to that of You.  In fact, before administering our test, we estimated that 75% of smellers would be able to tell the difference would prefer the real CK One.  This estimate became our alternate hypothesis, where p = .75.

Procedure/Protocol 
To carry out our test, we decided that we would set up in Collis on Friday, February 13th between the hours of noon and 2pm.  We assumed that this would be a good time to catch a random crowd of Dartmouth students.  

In advance, we obtained the CK One and You perfumes, as well as several small pieces of cardboard on which to spray the perfumes (we assumed people wouldn’t want to be wearing the experiment all day).  We determined that we would re-spray the perfume on the cardboards after every fifth smeller, so that the scents would remain fresh over the course of the experiment.

Each time that we tested someone, we took down his/her gender and year at Dartmouth, and then asked the following questions:


Question 1: 

“Can you detect a difference between the two samples of perfume?” (Answers: yes, no)


Question 2: 

“Which of the two samples do you prefer the smell of?” (Answers: left, right, they are different but I have no preference)


We also recorded each participant’s year and gender. 

Results

After testing 50 people, our results were as follows:

· Of 50 tested, 37 people (74%) could detect a difference in smell

· Of the 37 who could detect a difference, 14 preferred the real CK One, and 23 preferred the knock-off, You. 
We calculated that our actual P = 14/37 because P = K/N where K is the number of successes and N is the number of smellers.  Therefore, P = .378.

Parameter: As explained in our proposal, we must calculate the margin of error in order to determine our parameter. The formula for margin of error is:

MOE = 2 * square root of [P(1-P)]/n

In our experiment, N = 37 and as stated as before, using our null hypothesis, we assume that Pnull = 0.5 (because there will be an equally likely chance of preferring either perfume). Thus,

 MOE = 2 * square root of [.5(1-.5)]/37 = .082
If our margin of error is .082, this means that we expect our results to be (0.5 +/- .082) * (# of smellers). This gives us a parameter of 15.466 to 21.534. In real terms, this means that under the null hypothesis, we expect between 15 and 22 individuals to prefer the “real” (i.e. expensive) scent under the null hypothesis. In our experiment however, only 14 individuals preferred the “real” scent. This means that our null hypothesis is not true—however, as explained below, the alternate hypothesis we chose proved not to be true either. 

Critical Region and Significance Level: The critical region encompasses the results that would allow us to reject our null hypothesis.  In our experiment, we would need a high number of successes (preferences for the real scent) in order to reject our null hypothesis.  Before we conducted our test, we determined a critical region for our null hypothesis.  

We said that, given that N is greater than or equal to 30, and knowing that our test is one-sided (since our alternative hypothesis is that pttrue > pnull ), we would find z0 with the area to the right of z0 under the standard normal curve equal to a significance level of .05 (to give us a 95% confidence interval). We would then use this value of z0 in order to find the critical region. Using the table in the book, we found that z0 = 1.65. We decided to reject the null hypothesis provided that:

These values for P then represented P’s critical region. The critical value, or pcrit, can then be denoted as:
Using the same Excel workbook and its formulas provided online already by Math 5 profs, we found pcrit for any N greater than or equal to 30. 

After we conducted our test, we found that N = 37.  We plugged 37 into the Math 5 spreadsheet for N, and found that pcrit = .635.  That means that we would be able to accept our alternate hypothesis if at least 63.5% of the smellers had preferred CK One.  In the case of our experiment, we would have needed 23.495 people to prefer CK One in order to proclaim our alternate hypothesis true.  Since we can’t have .495 people, we realized that we had to choose 23 or 24 as the pcrit.  We chose 24 as the starting value (i.e. critical value) of our critical region.  By choosing 24 as our start point, that automatically made the critical region for P anything above 64.9% because 24/37 = .649.

To find out how far our critical value is from the null hypothesis, we subtracted .5 from .649 and got .149.  This means that, if our alternate hypothesis were true, then the difference between our actual results and the null hypothesis would be at least 14.9%.  
In our case, however, the difference between our actual results and the null hypothesis was FAR from this range.  If we were to subtract our P of .378, (14 “successes” out of 37 opinionated smellers) from .5, then we would come up with a value of .122, or 12.2%.  This means our results were actually 12.2% away from the null hypothesis in the opposite direction!
Next we calculated the standard deviation.  To calculate the standard deviation, we used the following equation:

In this case P = .5 and N = 37.  Therefore, the standard deviation is .082.

We next divided .149 by .082 to find out our Z score, since the Z score is a measurement of how many standard deviations the alternate hypothesis is away from the null hypothesis.
.149/.082 came out to be 1.81.  That means that our Z score is 1.81.

When we looked in the back of our book, a Z score of 1.81 translated to a value of .4649.  Since we are doing a one-sided test, then we simply subtract .4649 from .5 to find a value of .0351.  This is the amount of area on our graph where results would be within the critical region.  Our significance level is then 3.51%.  Significance level refers to the chance that a Type I error will occur – or, the probability of obtaining results in the critical region by chance.  With a significance level of 3.51%, we have a 3.51% chance of obtaining results that confirm our alternative hypothesis by chance.

Power Hypothesis:
The term power describes the likelihood of having a Type II error occur during our experiment.  A Type II error is when the null hypothesis is false, but the results are not significant and so the null hypothesis is not rejected.  Power is calculated as (1 – B) where B stands for the probability of a Type II error.  
We feel that at least 75% of opinionated smellers will prefer the real perfume. We can then compute the power of this test with respect to the belief that ptrue = ppow = .75. Since our N is greater than 30 we can use the normal approximation and the area to the right of the standardized pcrit under the normal standard curve will be the probability that we correctly conclude the alternate hypothesis assuming that ppow = ptrue. From the Math 5 website, we know that the standardized pcrit equals:

We can enter this formula into an Excel workbook and easily find the power of our test for our N. For N =37, the power = 94.6%  Thus, if we believe that at least 75% of opinionated smellers will prefer real perfume, then the chance of a type 2 error is at most 1 – .946, which equals .054, or 5.4%.  Here, a type 2 error means the chance that ptrue is greater than or equal to .75, but are results are insignificant and we report no preference. 
Final discussion:

 
From these results, we are thus neither able to accept our alternate hypothesis (which had a critical value of 24 people) or our null hypothesis (which had a parameter of 15 to 22 individuals). Interestingly, had we chosen the opposite alternate hypothesis—where p still equals .75 instead of .5 but “success” is defined as preferring the cheap perfume over the real one—we would have come much closer to confirming our alternate hypothesis. 23 individuals preferred the cheap perfume, which is clearly much closer to our critical value of 24 than 14 people, but still not quite enough to prove the alternate hypothesis. 

After our experiment was over, we also wondered how accurate a reflection of people’s feelings our results really were.  Among the confounding factors that we think might have affected the obtained results were: holding our test at Collis, holding our test on the Friday before Winter Carnival, having people test the smells on cardboard rather than skin, and finally, we administered our test during the winter (prominent cold season).  We have no idea if a particular type of consumer prefers Collis to other dining facilities, and therefore our test-takers could have all been a particular type – maybe our results would have been entirely different if we’d administered our test in Food Court or at the Hop?  Additionally, we intended to have only Dartmouth students take part in the test.  Since it was Carnival, however, we ended up having several visiting friends of students take part in our study.  Perhaps that threw off the population of test takers as well?  


Neither of these factors seems nearly as confounding as the fact that we had test-takers smell the perfume on cardboard.  We realized after the test that perfume is unique in that the same perfume can smell differently when mixed with the natural scents of an individual’s skin.  Perhaps the knock-off smelled better on cardboard than CK One, but would that be the case on skin?  Maybe CK One has special ingredients that make it smell more appealing when mixed with the natural scent of people’s skin?  It’s impossible to know – and since we assumed that no one would take our test if they had to wear the scents all day – we cannot be sure.  But we did have several people mention that they preferred the smell of the knock-off because it wasn’t as strong on the cardboard – perhaps the CK One would be less strong on skin, and therefore preferable?  In a future test, we would suggest administering the scent to the skin, rather than cardboard, for a more realistic smell of the perfume on skin.

It is hard to judge if our final confounding factor, cold season, affected the results of our test.  Usually, when people have colds, their noses are stuffy so they have trouble smelling.  One would hope that our first question in our test, “Can you distinguish a difference between the two scents?” would weed out anyone with a cold.  But, that is not necessarily the case – perhaps having a cold changes one’s perceptions of smell?  It is hard to know, but we recommend that a future test should be held in the summer to avoid the possible biases of cold season.

All of these confounding factors, while relevant, are probably not strong enough factors to blame for our failed alternate and failed null hypotheses.  That is because we had 37 opinionated smellers, and with the possible chance that perfume completely changes its smell when it hits the natural odors of one’s skin, we believe that people probably did just prefer the knock-off to the original.  Thus, we conclude that we were far from the mark in our pre-test perceptions.  Dartmouth students actually do have cheap taste!
