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 Abstract 

 This  investigation  explores  the  shape  of  the  distributions  of  colors  of  m&m  candy.  Statistical  tests:  kurtosis, 
 skewness,  and  Shapiro-Wilk  were  used  to  assess  normality  of  the  distribution  of  the  colors.  Kurtosis  measures 
 “peakedness”  and  skewness  measures  distortion  of  a  distribution.  The  Shapiro-Wilk  test  outputs  a  categorical 
 yes/no,  to  indicate  normality.  Distributions  of  colors  were  also  visually  assessed  for  normality  through  histograms. 
 This  investigation  also  considers  how  normality  varies  based  on  sample  size  and  different  samples  of  the  same  size. 
 It  was  hypothesized  that  if  m&m  candy  colors  are  randomly  allocated  to  packets,  with  an  adequately  large  sample 
 size,  they  would  follow  a  normal  distribution  (skewness  =0,  kurtosis  =  3,  Shapiro-Wilk  test  result  =  yes).  The  results 
 support  that  increasing  sample  size  does  not  make  kurtosis  and  skewness  closer  to  normally  distributed  with  small 
 samples  (  n  <50).  Also,  there  is  evidence  that  normality  varies  within  samples  of  the  same  size,  based  on 
 skewness/kurtosis.  Finally,  approximate  probability  density  functions  (PDFs)  were  created  for  each  color 
 distribution.  With  the  functions,  probabilities  of  getting  a  certain  number  of  candies  of  a  given  color  were  calculated. 
 Based  on  the  PDFs,  it  was  found  that  the  probability  of  getting  a  packet  with  only  blue  m&ms  is  higher  than  that  of 
 a  packet  with  only  red  m&ms,  though  both  are  highly  unlikely.  There  are  certain  limitations  related  to  this 
 investigation.  It  is  possible  due  to  the  small  group  sizes  that  the  kurtosis/skewness  values  did  not  approach 
 normality.  Experimentation  with  larger  sample  sizes  (group  size  >  100  each)  would  facilitate  more  accurate 
 estimation of probabilities. 

 Keywords  :  Normality, Distribution, Kurtosis, Skewness,  Shapiro-Wilk test 

 1.  Introduction 

 M&ms  are  candy-coated  chocolates  distributed  by 
 Mars,  Inc.  They  come  in  six  colors:  blue,  orange, 
 green,  yellow,  red,  and  brown.  Usually,  m&ms  are 
 distributed  in  small  “fun-sized”  packets  with,  on 
 average,  15.9  candies  per  packet.  This  investigation 
 explores  the  color  distribution  of  the  m&  m  candies. 
 The  intent  is  to  evaluate  if  Mars,  Inc.  considers 
 consumer  color  preferences  and  controls  the 
 distribution  of  each  color  to  appeal  to  customers. 
 Assuming  no  deliberate  measures  taken  by  Mars, 

 Inc.,  to  control  the  colors  of  candy,  the  distributions 
 should  be  random  and  thus  normal.  The  null 
 hypothesis  is  that  Mars,  Inc.  did  not  intervene  and  the 
 colors  are  normally  distributed.  The  alternate 
 hypothesis  is  that  there  was  intervention  and  the 
 distributions are not normal. 

 The  primary  aim  of  this  study  is  to  investigate  the 
 distribution  of  each  of  the  six  colors  of  m&ms.  It 
 employs  statistical  techniques  to  check  normality  and 
 estimate  the  probability  of  obtaining  any  given 
 number  and  color  of  m&m  candies  in  a  fun-sized 
 packet. 
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 According  to  LaSalle  University,  m&m  color 
 blends  were  selected  via  consumer  preference  tests, 
 which  indicate  the  most  attractive  assortment  of 
 colors  to  people.  Further,  LaSalle  reports  that 
 according  to  Mars,  Inc.,  on  average  each  packet  of 
 m&ms  contains  24%  blue,  13%  brown,  16%  green, 
 20% orange, 13% red, and 14% yellow m&m’s. 

 1.1 Assumptions 

 Since  Mars,  Inc.  produces  all  m&m  packets,  one 
 wholesale  bag  was  purchased  instead  of  many  small 
 bags  from  different  locations.  It  was  assumed  that  the 
 variability  in  the  colors  of  m&ms  purchased  across 
 wholesale bags or purchase points is trivial. 

 To  calculate  probabilities,  a  probability  density 
 function  (PDF)  for  the  distribution  must  be  written.  A 
 PDF  is  “a  function  of  a  continuous  random  variable, 
 whose  integral  across  an  interval  gives  the  probability 
 that  the  value  of  the  variable  lies  within  the  same 
 interval”  (Oxford  Languages,  2022).  An  assumption 
 was  made  for  the  probability  calculations.  In  order  to 
 approximate  the  probability  of  getting  a  single 
 number  calculated  via  integration,  a  correction  is 
 needed.  For  example,  to  calculate  probability  that 
 proportion  of  blue  m&ms  is  exactly  1,  the  boundaries 
 of the integral were changed to (0.95,1.05). 

 Also,  it  was  possible  that  the  changes  to 
 kurtosis/skewness  were  not  observable  due  to  the 
 small sample sizes of some groups. 

 2.  Materials and Methods 

 A  wholesale  bag  of  fun-sized  m&ms,  labeled  to 
 contain  50  fun-sized  packets  and  distributed  by  Mars, 
 Inc.  was  used.  An  ideal  statistical  sample  surveys 
 10%  of  the  population  as  long  as  it  does  not  exceed 
 1000  (MV  Organizing  2021  para.  2).  Since  m&m 
 distributes  over  10  million  packs  per  day,  it  would  not 
 be  reasonable  to  sample  10%  of  all  candies  (about  1 
 million  packs),  so  a  sample  size  of  50  fun-sized  bags 
 was  obtained  for  the  study.  While  the  label  on  the  bag 
 stated  that  there  were  50  packets,  the  bag  had  48 
 packets  in  reality,  so  a  sample  size  of  48  packets  was 
 used.  Microsoft  (MS)  Excel  was  used  to  create  data 
 tables  and  histograms  with  the  frequency  of  each 
 color in a packet. 

 The  number  of  each  color  of  m&ms  in  a  fun-sized 
 pack  (blue,  green,  brown,  orange,  red,  and  yellow) 
 was  manually  counted  and  recorded  in  MS  Excel. 
 Since  the  total  number  of  candies  per  packet  is 
 variable,  percentages  (the  percentage  of  the  total 
 number  of  candies  in  that  packet  that  are  the  specific 
 color  of  interest)  were  calculated  to  show  frequencies 
 of colors. 

 Normal  distributions  are  perfectly  symmetrical 
 curves  where  the  mean,  median,  and  mode  are  equal. 
 The  total  area  under  the  curve  of  a  standard  normal 
 distribution  equals  1.  Such  distributions  are  important 
 because  they  can  be  used  to  calculate  the  probability 
 of  a  random  variable  taking  a  certain  value  or  range 
 of  values.  For  example,  the  probability  that  a  bag  of 
 fun-sized  m&ms  will  contain  4  or  more  blue  candies 
 can  be  calculated  using  the  probability  density 
 function  (equation  for  the  standard  normal  curve)  for 
 the  random  variable  of  the  number  of  blue  candies 
 per  packet.  The  probability  density  functions  (PDF) 
 were  estimated  for  each  color  distribution  to  predict 
 such probabilities. 

 Normality  was  tested  in  three  different  ways: 
 kurtosis,  skewness,  and  the  Shapiro-Wilk  test.  An  MS 
 Excel  add-in  called  Xrealstats  (Real  Statistics,  2022) 
 was  used  to  calculate  these  statistics  and  conduct  the 
 test. 

 “Kurtosis  is  a  statistical  measure  that  defines  how 
 heavily  the  tails  of  a  distribution  differ  from  the  tails 
 of  a  normal  distribution”  (Corporate  Finance 
 Institute,).  In  other  words,  kurtosis  measures  the 
 “peakedness”  of  a  distribution.  The  kurtosis  of  a 
 normal distribution is always equal to 3. 

 Figure  1:  Examples  of  distributions  with  varying 
 kurtosis (Glenn, 2015) 

 Positive  kurtosis  (leptokurtic)  refers  to  a 
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 distribution  with  a  higher  kurtosis  than  a  normal 
 distribution  (kurtosis  >  3).  Negative  kurtosis  refers  to 
 a  distribution  with  lower  kurtosis  than  a  normal 
 distribution  (kurtosis  <  3).  As  shown  in  Figure  1,  the 
 distribution  with  a  positive  kurtosis  is  far  more 
 peaked  than  a  normal  distribution,  and  the  normal 
 distribution  is  more  peaked  than  the  one  with  a 
 negative  kurtosis.  Also,  data  sets  with  high  kurtosis 
 have heavy tails, or outliers. 

 In  MS  Excel,  the  kurtosis  formula  is  modified  so 
 that  the  kurtosis  of  a  normal  distribution  is  zero.  To 
 calculate  kurtosis,  standard  deviation  must  be 
 calculated  first.  Then,  the  following  formula  may  be 
 used: 

 𝑛 ( 𝑛 + 1 )
( 𝑛 − 1 )( 𝑛 − 2 )( 𝑛 − 3 ) Σ

 𝑥 
 𝑗 
− 𝑥 

 𝑠 ( ) 4 ⎰
⎱

⎱
⎰ −  3  𝑛 − 1 ( ) 3 

( 𝑛 − 2 )( 𝑛 − 3 )

 Note:  n  =  number  of  terms  in  data  set;  x  i  =  observed 
 data  point;  x-bar  =  sample  mean;  s  =  sample  standard 
 deviation 

 “Skewness  refers  to  a  distortion  or  asymmetry  that 
 deviates  from  the…normal  distribution.”  The 
 skewness  for  a  normal  distribution  is  equal  to  zero. 
 Negative  values  for  skewness  indicate  data  that  are 
 skewed  left,  and  positive  values  indicate  data  that  are 
 skewed right (Investopedia, 2022). 

 Figure  2:  Examples  of  distributions  with  varying 
 skews (Hogan, 2022) 

 Figure  2  shows  how  skewed  distributions  differ 
 from  normal  distributions.  Skewed  data  is  not 
 symmetric,  and  the  mean,  median,  and  mode  are  not 
 equal. MS Excel’s skewness formula: 

 𝑛 
( 𝑛 − 1 )( 𝑛 − 2 ) Σ

 𝑥 
 𝑗 
− 𝑥 

 𝑠 ( ) 3 

 Note:  n  =  number  of  terms  in  data  set;  x  i  =  observed 
 data  point;  x-bar  =  sample  mean;  s  =  sample  standard 
 deviation 

 Finally,  the  Shapiro-Wilk  test  for  normality 
 outputs  a  categorical  “yes/no”  to  indicate  if  the  data 
 is  normal.  The  null  hypothesis  is  that  the  variable  is 
 normally  distributed,  and  the  alternative  hypothesis  is 
 that  it  is  not  normally  distributed.  The  test  produces  a 
 W  statistic,  along  with  a  p-value.  Testing  at  the  5% 
 level  of  significance,  if  the  p-value  is  less  than  0.05, 
 the  null  hypothesis  is  rejected  and  there  is  sufficient 
 evidence  to  support  that  variable  is  not  normally 
 distributed (SPSS Tutorials, 2022). 

 These  three  tests  are  used  to  determine  the 
 normality  of  the  groups  of  bags  because  they  are 
 readily available through Xrealstats. 

 For  visual  analysis,  graphs  were  created  with  the 
 data  through  MS  Excel.  Box  plots  were  made  for 
 groups  of  bags.  Also,  histograms  with  normal  curve 
 overlays  were  created  to  check  normality  and  write 
 the  approximate  probability  density  function  of  each 
 color. 

 The  study  investigated  the  following  questions  of 
 interest: 

 Are  the  distributions  of  each  color  across  packets 
 normal? 

 Xrealstats  was  used  to  create  a  histogram  with  a 
 normal  curve  overlay  to  visually  assess  normality,  in 
 addition  to  the  kurtosis,  skewness,  and  Shapiro-Wilk 
 calculations.  Further  areas  of  inquiry  that  arise  from 
 this question are the following: 

 How  does  normality  vary  based  on  different  samples 
 of size 5 and 10 bags in each group? 

 Kurtosis,  skewness,  and  Shapiro-Wilk  test  results 
 of  the  first  10  groups  of  5  bags  for  each  color  (bags 
 1-5,  6-10,  etc.,  the  last  group  was  bags  44-48)  will  be 
 compared  to  assess  how  normality  varies  based  on 
 different  samples  of  the  same  size.  The  same  tests 
 will  be  used  to  compare  variation  in  the  normality  of 
 the 5 groups of 10 bags for each color. 

 How  does  normality  vary  based  on  the  sample  size 
 (number of fun-sized bags)? 

 The  first  group  of  5,  15,  25,  35,  and  45  bags  for 
 each  color  will  be  taken  from  the  data.  The  kurtosis, 
 skewness,  and  Shapiro-Wilk  test  results  for  each 
 color  distribution  will  be  compared  to  understand 
 how normality changes. 

 201 



 J. Res. HS  Vol. 2023 (1) 199 - 206 

 Can  the  probabilities  of  obtaining  certain  numbers  of 
 certain  colors  be  calculated  with  the  estimated 
 probability density functions? 

 The  probability  density  functions  of  the  color 
 distributions  will  be  estimated  with  sample  data,  and 
 probabilities will be calculated using integration. 

 3.  Results and Discussion 

 The  raw  data  and  percentages  for  the  counts  of 
 m&m  colors  in  each  packet  are  available  upon 
 request  from  the  first  author.  Further,  kurtosis, 
 skewness,  box  plots,  and  Shapiro-Wilk  results  for 
 groups of 5/10 bags may also be requested. 

 3.1 Normality of the distribution of each color 

 Xrealstats  was  used  to  create  the  following 
 histograms.  The  total  area  of  the  bars  in  the  graph 
 was  used  to  create  a  normal  curve  overlay.  Note  that 
 due  to  the  bin  sizing  in  the  histograms  below,  the 
 graphs  show  a  bin  less  than  zero;  this  is  an  artifact  of 
 the software used. 

 Figure 3: Red Color Distribution in 48 Packets 

 Visually,  red  is  a  near-normal  distribution.  The 
 histogram  is  approximately  symmetric,  and  the  mode 
 is  around  three  red  m&ms  in  a  packet.  If  there  were 
 two  or  three  packets  with  five  red  m&ms  in  them,  the 
 histogram would be even more symmetrical. 

 Figure 4:  Orange Color Distribution in 48 Packets 

 The  orange  histogram  looks  slightly  right  skewed 
 and  is  not  as  symmetrical  as  red.  This  is  because  the 
 mode  occurs  at  2  orange  candies  per  bag,  and  the 
 distribution  has  larger  values  that  are  potential 
 outliers  (9  and  10).  Also,  the  curve  underestimates 
 the  mode  of  the  histogram.  The  orange  distribution  is 
 not normal. 

 Figure 5: Yellow Color Distribution in 48 Packets 

 Yellow  is  the  most  near-normal  distribution  of  the 
 six  colors.  The  curve  seems  to  accurately  represent 
 the  histogram,  which  is  close  to  symmetrical  and 
 does  not  have  any  visible  outliers.  The  mode  is 
 around three yellow candies in a packet. 

 Figure 6: Green Color Distribution in 48 Packets 

 The  green  distribution  is  right-skewed.  This  may 
 be  because  there  were  relatively  fewer  green  candies 
 per  bag  than  the  other  colors,  and  with  smaller 
 sample  size,  the  distribution  showed  a  skew.  The 
 histogram  shows  the  mode  to  be  around  1,  and  the 
 highest  value  of  green  m&ms  per  bag  is  5,  quite 
 small  compared  to  red,  orange,  and  yellow.  The  curve 
 does  not  seem  to  adequately  represent  the  histogram, 
 as  the  peak  is  far  below  the  modal  peak.  Green  is  not 
 normally distributed. 
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 Figure 7: Blue Color Distribution in 48 Packets 

 The  blue  distribution  has  a  mode  around  1  and 
 does  not  have  more  than  5  candies  per  bag.  This 
 histogram  is  uniform,  but  the  curve  does  not 
 represent  the  bars.  The  peak  of  the  curve  is  around 
 three,  while  the  true  mode  is  around  one,  so  the  blue 
 distribution is not normal according to this data. 

 Figure 8: Brown Color Distribution in 48 Packets 

 The  brown  distribution  is  almost  symmetrical. 
 The  modes  are  from  1-2,  indicating  that  brown  is  a 
 relatively  less  frequent  color  to  occur  in  bags  of 
 m&ms.  The  curve  almost  matches  the  histogram,  but 
 because  the  bars  are  not  perfectly  symmetrical,  brown 
 is not normally distributed. 

 3.2  Variation  in  the  normality  of  different  samples  of 
 size 5 and 10 bags each 

 Observations  from  Table  3  include  that  the 
 kurtosis  of  red  m&ms  in  groups  of  5  bags  varies  from 
 close  to  zero  to  almost  three.  This  means  that  some  of 
 the  groups  of  red  are  close  to  normally  distributed  (0) 
 while  others  are  slightly  peaked  (3).  The  10th  group 
 of  red  bags  has  the  most  symmetrical  box  plot,  but 
 most of the plots are not approximately normal. 

 In  orange,  the  kurtosis  scores  vary  from  -2.79  to 
 4.30,  a  wide  range.  Since  many  of  the  orange  scores 

 were  negative,  the  orange  distribution  likely  has 
 lighter  tails  than  a  normal  distribution,  meaning  that 
 most  of  the  values  are  not  extremely  far  from  the 
 mean.  None  of  the  orange  box  plots  seem  to  be 
 perfectly  normal,  and  many  are  skewed  or  have 
 outliers.  These  results  may  be  discordant  due  to  the 
 small  sample  size  of  5  bags  (not  large  enough  to  be  a 
 representative sample). 

 The  yellow  kurtosis  scores  vary  from  -2.95  to 
 2.03  and  are  not  near  normal.  Some  of  the  box  plots- 
 1,6, and 7 are symmetrical. 

 Green  scores  range  from  -3.04  to  2.06.  Since  there 
 were  very  few  green  m&ms  per  packet,  the  green 
 color  distribution  is  expected  to  be  the  least  normal  of 
 all  of  the  colors  due  to  the  small  sample  size.  This  is 
 reflected  in  the  box  plots  as  many  are  skewed  or  have 
 wide ranges. 

 Blue  kurtosis  scores  range  from  -2.69  to  1.21. 
 There  is  one  kurtosis  score  (0.16)  that  is  close  to 
 normally  distributed  for  the  blue  color.  The  box  plots 
 for  the  blue  distributions  have  wide  ranges  and  many 
 are skewed. 

 Finally,  the  kurtosis  scores  for  brown  range  from 
 -3  to  4.7.  Some  distributions  are  very  peaked  for 
 brown  while  others  are  not.  Some  of  the  box  plots  for 
 the  brown  groups  of  5  are  symmetrical  and  look  near 
 normal.  Kurtosis  varied  greatly  among  the 
 distributions  of  colors  for  different  groups  of  the 
 same  sample  size.  Also,  skewness  varied,  but  not  as 
 much  as  kurtosis.  There  was  at  least  one  group  of 
 bags  with  skewness  of  close  to  zero  in  each  color,  but 
 there  were  more  groups  with  skewness  of  around  1 
 overall. 

 For  the  distributions  of  groups  of  ten  bags,  the 
 kurtosis  varied  less  as  the  ranges  were  not  as  wide  as 
 the  kurtosis  of  groups  of  5  for  each  color.  Across  all 
 colors,  there  were  more  negative  values  of  kurtosis, 
 so  the  distributions  had  lighter  tails  when  the  sample 
 size  was  increased  in  each  color.  An  increase  in 
 sample  size  decreases  variability,  so  it  makes  sense 
 that  the  distributions  will  have  lighter  tails  with  a 
 larger  sample  size.  However,  the  skewness  seemed  to 
 be  greater  in  groups  of  10  bags,  which  was  not 
 expected.  Overall,  there  were  not  as  many  values  for 
 skewness  that  were  very  close  to  zero.  The  box  plots 
 for  each  color  were  closer  to  symmetrical,  especially 
 the blue color distribution. 
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 According  to  the  Shapiro-Wilk  test,  the  majority 
 of  the  groups  of  5  bags  were  normally  distributed. 
 However,  results  of  this  test  were  often  discordant 
 with  those  obtained  using  kurtosis  and  skewness. 
 This  may  be  due  to  the  small  sample  sizes,  and  the 
 experiment  could  be  repeated  with  larger  groups  of 
 bags  for  better  results.  This  is  a  key  consideration  for 
 analyzing  the  data  as  with  smaller  sample  sizes,  the 
 Shapiro-Wilk test may not be accurate. 

 3.3  Variation  in  normality  based  on  the  sample  size 
 (number of fun-sized bags) 

 For  the  red  distribution,  the  kurtosis  gradually 
 increases  as  the  sample  size  increases.  The  skewness 
 gets  closer  to  zero,  however,  the  group  of  five  bags 
 has  a  skewness  of  -0.02,  which  is  closer  to  zero  than 
 the  group  of  45  bags,  with  a  score  of  0.06.  Also,  the 
 Wilk-Shapiro  test  is  not  a  good  indicator  of  normality 
 on  its  own,  as  all  of  the  groups  of  bags  were  normally 
 distributed according to the test. 

 The  orange  distribution’s  kurtosis  gets  closer  to 
 three  (more  peaked)  as  the  sample  size  increases, 
 with  the  exception  of  the  first  five  bags  as  they  start 
 with  a  kurtosis  score  of  close  to  three.  Also,  the 
 skewness  score  gets  closer  to  zero  but  does  not 
 decrease each time the sample size increases. 

 In  the  yellow  distribution’s  results,  kurtosis 
 becomes  closer  to  zero  as  sample  size  increases, 
 getting  closer  to  normal.  Skewness  is  not  very  high 
 and  fluctuates  slightly,  it  does  not  periodically 
 decrease as sample size increases. 

 The  green  distribution’s  kurtosis  scores  get  closer 
 to  normally  distributed  as  the  sample  size  increases. 
 The  skewness  scores  for  green  mostly  approach  zero 
 as  the  sample  size  increases,  and  the  closest  score  to 
 zero is observed in the largest group of bags. 

 The  blue  kurtosis  and  skewness  scores  fluctuate  as 
 sample  size  increases,  not  showing  a  score  that  is 
 close to normally distributed. 

 Finally,  the  brown  group’s  kurtosis  gets  closer  to 
 normally  distributed  but  is  still  far  from  the  perfectly 
 normal  score  of  zero.  The  skewness  for  brown 
 fluctuates. 

 3.4  Estimation  of  probabilities  of  obtaining  certain 
 numbers of certain colors candies 

 Estimated  probability  density  functions  for  each 
 color: 

 Probability Density Function (Duke Edu 2022): 

 𝐹 ( 𝑥 )   =     1 
σ∗  2 π

∗  𝑒 
−  𝑥 −µ( ) 2 ( )

 2 σ 2 

 μ  and  σ  for  populations  are  unknown,  so  they  will  be 
 estimated as shown below: 
 σ ≅ s (sample standard deviation) 
 μ ≅ x-bar (sample mean) 

 Estimated PDFs: 
 Red PDF: x-bar = 0.153; s= 0.076 

 𝐹 ( 𝑥 )   =     5 .  001 ∗  𝑒 
−  𝑥 − 0 . 153 ( ) 2 ( )

 0 . 0126 

 Orange PDF: x-bar = 0.238; s = 0.122 

 𝐹 ( 𝑥 )   =     3 .  27 ∗  𝑒 
−  𝑥 − 0 . 238 ( ) 2 ( )

 0 . 0297 

 Yellow PDF: x-bar = 0.198; s = 0.099 

 𝐹 ( 𝑥 )   =     4 .  029 ∗  𝑒 
−  𝑥 − 0 . 198 ( ) 2 ( )

 0 . 0196 

 Green PDF: x-bar = 0.101; s = 0.0897 

 𝐹 ( 𝑥 )   =     4 .  447 ∗  𝑒 
−  𝑥 − 0 . 101 ( ) 2 ( )

 0 . 016 

 Blue PDF: x-bar = 0.165; s = 0.0911 

 𝐹 ( 𝑥 )   =     4 .  379 ∗  𝑒 
−  𝑥 − 0 . 165 ( ) 2 ( )

 0 . 016 

 Brown PDF: x-bar = 0.141; s = 0.092 

 𝐹 ( 𝑥 )   =     4 .  336 ∗  𝑒 
−  𝑥 − 0 . 141 ( ) 2 ( )

 0 . 016 

 Using  the  PDFs  above,  some  probabilities  were 
 calculated.  First,  the  probability  of  getting  one  packet 
 with  all  blue  m&ms  was  calculated.  Also,  the 
 probability  of  getting  a  packet  full  of  red  m&ms  was 
 calculated  to  be  compared  to  the  probability  of 
 getting  all  blues,  since  red  candies  were  more 
 frequent than blue ones. 

 Probability  of  getting  a  packet  with  all  blue 
 m&ms  (Probability  that  proportion  of  blue  m&ms  in 
 a randomly selected packet = 1) 

 ; 
 0 . 95 

 1 . 05 

∫  4 .  379 ∗  𝑒 
−  𝑥 − 0 . 165 ( ) 2 ( )

 0 . 016  𝑑𝑥    =     8 .  27 ∗  10 − 19 

 considered highly unlikely 
 Note:  correction  for  the  boundaries  of  the  integral: 
 (1-0.05), (1+0.05) 

 Probability  of  getting  a  packet  with  all  red  m&ms 
 (Probability  that  proportion  of  red  m&ms  in  a 
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 randomly selected packet = 1) 

 ;  also 
 0 . 95 

 1 . 05 

∫  5 .  011 ∗  𝑒 
−  𝑥 − 0 . 153 ( ) 2 ( )

 0 . 0126  𝑑𝑥    =     5 .  004 ∗  10 − 24 

 considered highly unlikely 
 It  was  found  that  the  probability  of  getting  a 

 packet  with  all  blue  m&ms  is  relatively  more  likely 
 than  getting  a  packet  of  all  red  m&ms,  however,  both 
 outcomes are considered to be highly unlikely. 

 4.  Discussion & Conclusion 

 Based  on  the  histograms,  the  closest  to  normally 
 distributed  color  of  m&ms  is  yellow,  and  red  is  also 
 approximately  normal.  Further,  at  a  constant  sample 
 size,  kurtosis  and  skewness  vary.  Since  kurtosis  and 
 skewness  are  random  variables  themselves,  they  have 
 their  own  distributions.  Further  investigation 
 focusing  on  kurtosis  and  skewness  could  examine  if 
 the  distributions  of  kurtosis  and  skewness  are  the 
 same  as  the  distribution  of  the  random  variable  used 
 to calculate them. 

 Sample  size  does  not  make  kurtosis  and  skewness 
 closer  to  normally  distributed  based  on  these  results. 
 In  some  colors,  there  was  an  observed  pattern 
 between  sample  size  and  an  increase  in  kurtosis,  but 
 many  of  the  groups  of  bags  were  still  far  from 
 normally  distributed.  It  is  possible  that  since  the 
 group  sizes  were  small  (5-45  bags),  the  changes  to 
 kurtosis  and  skewness  were  not  observable.  This 
 experiment  could  be  repeated  with  larger  sample 
 sizes  to  detect  a  more  pronounced  change  in  kurtosis 
 by sample size. 

 The  results  demonstrate  that  the  Shapiro-Wilk  test 
 lacks  concordance  with  kurtosis  and  skewness  scores. 
 The  kurtosis  and  skewness  scores  for  many  groups 
 were  not  normally  distributed,  but  the  test  statistic 
 indicated  that  they  were.  Other  groups  that  seemed  to 
 have  kurtosis  and  skewness  scores  near  normally 
 distributed were not normal according to this test. 

 Due  to  the  assumptions  made  and  integral 
 boundary  corrections,  this  investigation  has  some 
 limitations.  Experimentation  with  larger  sample  sizes 
 would  be  valuable  in  refining  the  probability  density 
 functions,  thus  calculating  more  accurate 
 probabilities. 

 There  may  have  been  some  intervention  by  Mars, 
 Inc.  in  controlling  the  proportions  of  m&m  colors  as 

 many  of  the  colors  were  not  normally  distributed. 
 Thus, these findings support the alternate hypothesis. 
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