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Executive Summary – APMA 311 M&M Project, Fall 2008

Project Overview

The purpose of this project is to analyze a 1.69 oz bag of M&Ms in order to determine whether the advertised weight and color distribution are accurate. Furthermore, the analysis will determine the variance in an individual bag of M&Ms. Hopefully, these three topics will shed insight into how accurate corporate representations of statistics hold up to mathematical analysis.
Summary of Findings

1.  Bag Weight Analysis

The bag weight analysis focuses on whether the weight of the bag of M&Ms is consistent with the advertised weight of 1.69oz. We assumed the series of data containing the classes’ weights to be approximately normal. Since n>30, the large-sample test for population mean was used to determine the plausibility that the advertised weight was true.

Since the z-score was large, implying a nearly zero p-value, Ho could not be disproved. Thus, our hypothesis test, coupled with a visual box plot lead us to conclude that the advertised weight is consistent with actual weights of M&M bags.
2.  Color Distribution Analysis

The color distribution analysis calculated whether or not the color distribution of the bag of M&Ms accurately depicts the advertised proportions. The number of orange M&Ms in our bag suggested that the proportion was consistent with the advertised proportion of 20%.  Since all of the expected values for the distributions were over 5, we were able to use the chi square test with the combined results of all groups. The chi square test suggested that the color distribution was not consistent with the advertised distribution.
3.  M&M Variability Analysis

Through the use of a histogram and confidence interval of the standard deviation, the variance in the weight of individual M&Ms was analyzed. The sample size was taken from one 1.69oz bag of M&Ms. Judging from the shape of the histogram, the confidence range, and the analysis of the M&M manufacturing process, it was concluded that individual M&Ms have very little variance from the mean weight.
1. Bag Weight Analysis

Question – In the bag weight analysis, we statistically determined whether the advertised bag weight was consistent with the data compiled by the class.
Experiment – We utilized a large sample hypothesis test of the mean with a sample size of 81 bags of M&Ms and a sample average of 48.68 grams with a variance of 1.429. The hypothesis being tested, H0, is that the average equals 47.91 grams (1.69 oz) while H1 is that it does not. We will use a z-score as our test statistic. Our data was collected by pairs of students from the APMA311 course.
Data Summary – 
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Hypothesis Test – We performed a hypothesis test as follows:

H0: μ = 47.91g   H1: μ≠47.91g
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Findings – Our z-score of 4.85 corresponds to a p-value of 2*(1-.999999) which is very near zero. Therefore, H0  is not rejected. Put simply, this implies that the assertion that a bag of M&Ms weighs 1.69 oz is not be disproved. The hypothesis test and box-plot lead to the conclusion that the advertised weight is consistent with the actual weight of a bag of M&Ms.
2. Color Distribution Analysis

Question – In this portion of the experiment, we set out to determine whether the advertised color distribution of M&Ms is consistent with the data reported by the APMA311 students. To do so, we will first analyze the percentage of orange M&Ms in our own sample bag with a small sample proportion hypothesis test then proceed onto the collective class data to analyze all colors and their proportion. To do so, we will utilize the Chi Square goodness of fit test. The M&M website advertises the proportions to be 24% blue, 20% orange, 16% green, 14% yellow, 13% red, and 13% brown.
Experiment – For the testing of the orange distribution of M&Ms in our bag, we used the hypothesis test for population proportions (Binomial Experiment). We determined the z-score and translated that to a p-value. The Chi Square Goodness of Fit test (Multinomial experiment) utilized the comprehensive data collected by the class to incorporate the observed and expected totals. Each individual color counted as a degree of freedom (plus one, of course).
Data Summary 
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Hypothesis Tests – 
To test the proportion of orange M&Ms in our sample bag we performed a hypothesis test as follows:

H0 : p = 0.2    H1 : p ≠ 0.2
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Where
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 → 2P(z>.03) = 2*0.488 = .976
To test the color distribution of all the colors against the advertised proportions for these colors we used a chi-square test as follows:

 χ2[image: image17.png]


  = 88.09
Findings – The z-score for our hypothesis test of the population proportion was equal to 0.03 which translates to a p-value of 0.5120. This is sufficiently high enough to reject H0 and say that our proportion was not equal to 20% for orange M&Ms. 

The chi square for our color distribution was 88.09. This is equivalent to a probability of less than .005 in a case with five degrees of freedom. This implies that the color distribution advertised by the M&M company was not accurate. 

This may infer that when packaging individual bags, not as much concern is placed on whether or not individual bags contain exact distributions yet, the manufacturing process creates large batches which adhere to the color distribution. Only with batch sizes will it be possible to discern the distribution. With the amount of M&Ms made each day, this is probably a much higher number than what was analyzed in this experiment.

However, another possibility is that the color distributions truly are not accurate and were ball-parked for curious customers. This is likely since the website no longer explicitly states what the color distribution is even though in the past this was on their website.

3. M&M Variability Analysis

Question – The M&M variability analysis is performed in an attempt to determine the variance of individual M&M weights. If there is a large range for the variance, the manufacturing process is probably not very precise in controlling the weight of individual M&Ms. If an outlier appears due to chipping or cracking, this could easily skew the variance and must be taken into consideration.
Experiment – The experiment employed to determine the range of variance in the weight of individual M&Ms will be a confidence interval of the standard deviation. The sample size for the confidence interval consists of 61 M&Ms. We will employ a 95% confidence interval.

Furthermore, a histogram will be constructed in order to visually summarize the weights of the M&Ms from our bag. Hopefully, the graph and confidence interval will determine whether the manufacturing process creates a precisely weighted candy.
Data Summary – 
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Confidence Interval – 
N = 61    S=0.066812    S2=4.4638x10-3    95%CI     χ260, 0.025=40.482    χ260, 0.975=83.298
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Therefore, the 95% CI is: 

0.056704 < σ < 0.081339          0.0032153 < σ2 < 0.0066160

This means that we can be 95% confident that a weight of an M&M is within 0.0668g of the mean.

Findings – To determine how to interpret this data, the manufacturing process must be taken into account. To make an M&M, liquid chocolate is poured into a mold and tumbled to dry and form a circular shape. If an M&M is chipped but has candy coating around it still, the M&M suffered a deformity during the molding/tumbling stage. The rest of the process is fairly docile and does not contribute to many, if any, deformities of the M&Ms. However, there is a quality control process and since only about two M&Ms per bag were chipped, they seem to do a fairly good job preventing these from getting into the bag.
Just through scrutinizing the histogram, it appears that, at most, only 3 M&Ms were chipped in our bag. Furthermore, it did not reduce their weight by a very large fraction of the mean. Another indicator that the weight is fairly tightly grouped is the side of the confidence interval of the variance.

Therefore, the histogram and confidence interval appear to implicate that the manufacturing process of M&Ms is precise in their ability to keep all the M&Ms near the mean weight.
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