WEEK 2 HW 2  (NOT AS BAD AS IT LOOKS)
THIS IS A VERY IMPORTANT WEEK.  ALL THE BASIC STATISTICS ARE INTRODUCED HERE.  MAKE SURE YOU ARE CLEAR ON ALL OF THEM 
	· MEAN
· MEDIAN 
· MODE
· VARIANCE
· STANDARD DEVIATION
	· FREQUENCY
· RELATIVE FREQUENCY
· CUMULATIVE RELATIVE FREQUENCY
· HISTOGRAM
	· PERCENTILES 
· QUARTILES (Q1, Q2, Q3)
· IQR (= Q3 – Q1)
· BOX PLOT (5 number summary)
· UNUSUAL/RARE DATA VALUES



Last week we talked about how to collect samples from a population of interest.  Random sampling is intended to ensure that we collect data representative of the entire population.   The key is RANDOM with EVERY selection having the same probability of being collected as every other so that no sources of error or bias are introduced.  Of course in some less ethical sampling programs, bias is intended and counted on to sway unknowing decision makers (e.g. political ads).   
So, how do we spot BIAS if we don’t know how the data were collected?  Often, we must read opposing studies that may have their own bias in them; then, WE can balance that bias (critical thinking) and come up with our own conclusions.   However, we don’t really look at these raw data, rather we review STATISTICS calculated FROM those data.  Unfortunately, these same statistics can be calculated from biased data just as easily as from truly representative data.  The math is the same.  The validity, meaning usefulness to us, isn’t (unless we are the ones fudging the analyses).  
SCIENCE (PHYSICS, CHEMISTRY, BIOLOGY, STATISTICS) BEGINS WITH OBSERVATIONS.  WE WILL FOLLOW STATISTICS.  ANSWER THE FOLLOWING QUESTIONS THAT CONCERN THE THREE MOST IMPORTANT STATISTICS:  THE MEAN, VARIANCE, AND STANDARD DEVIATION.
#1:  THE MEAN (AVERAGE)
For whatever reason you ask seven co-workers how much change they have in their pockets.  Here are those 7 amounts (in cents):  41, 76, 22, 102, 215, 55, 29  
(a)  Looking at these 7 numbers, can you guestimate the average (mean)?  What is your guess? _____
(b)  Draw a scatter plot of these 7 data values and it looks like this:  
(c)  Draw in a horizontal line where you think the mean is.  What did you guestimate here? _____
(d)  Hand calculate the mean (average).  What is that formula?  Do it (no software !):  How close were your estimates to this actual mean value?  
Let’s dig deeper for an explanation of just what the mean represents.  Go back to the scatter plot.
(e)  Draw in the mean line across the plot.  Then, measure the distance from each data point to that line (points below the line will have negative distances, point above are positive).  Add up those +/- distances.  What do they total?  _____   So, what does the mean represent?  Explain:  


	Data value
	Mean
	(Data Value – Mean)
	

	49
	
	
	

	76
	
	
	

	12
	
	
	

	95
	
	
	

	265
	
	
	

	55
	
	
	

	46
	
	
	

	
	TOTAL
	
	



#2  THE VARIANCE
Still curious, you stand by the vending machine and ask the first seven persons using it how much change they have in their pockets:   85, 92, 80, 85, 100, 98, 85.  
(a)  Guestimate this average:  ______
(b)  Draw a scatter plot and again draw a horizontal line where you think the mean is? _______
(c)  Hand calculate the mean of these 7 numbers:  How close were your guestimates?  Were you closer with this data set than the first one?  If so, why is that?
(d)  As above fill in this Table and complete the calculations
	Data Value
	Mean
	(Data value – Mean)
	

	85
	
	
	

	92
	
	
	

	87
	
	
	

	85
	
	
	

	100
	
	
	

	98
	
	
	

	85
	
	
	

	
	TOTAL
	
	



What now?  Do you notice that there is less ‘’scatter’’ in the second data plot than the first?  The amount of scatter is really what the variance is about.  The more scatter the greater the variance.  This also implies that the more variance, the less confidence we can have in that mean.  For example, if you go into a co-worker’s cubicle and ask them how much change they have, that amount is less likely to be near the first data set’s mean.  However, if you ask a co-worker using the vending machine how much change they have, that amount will likely be closer to the second data set’s mean.  Does this make sense?  
So, we see what the ‘’variance’’ looks like graphically, but can we put a numerical value to it?  YES.  BUT, we need to know this math principle:  if you square a negative number the product is positive:  -5 x -5 = +25.
(e)  Fill in the currently blank columns in both tables with the squared (data value – mean) numbers.  Total them.  One more step now to get the ‘’variance’’.  
(f)  Mathematically the variance is the average of these squared distances, so do we simply divide that total by 7 (the number of data values or ‘’n’’) ?   NO.  We divide by (n – 1) or ‘’6’’ in this case.  Do it:  ________
That number is the variance.  It’s units, however, would be ‘’cents-squared’’ which is kind of meaningless.
	IF INTERESTED:  The equation: (n – 1) can be referred to as the DEGREES OF FREEDOM.  This may be a little confusing, but try this:  Here are six numbers:  6, 7, 8, 1, 12, ___ , that total 42, so what is the missing number?  It HAS to be “8”, so while you have the freedom to pick the first five numbers, you have no choice with the sixth.  This was easy, but what if instead of a total you have the MEAN of let’s say 6 numbers?  Using the same numbers as above, we would have:  (6+7+8+1+12+__?_) /6 =  7  (the MEAN = 7)  Hence the missing number can ONLY be “8” for this to be true.  Because we have the MEAN in our problem, we lose a degree of freedom, hence it’s n – 1.  For course for very large data sets, this subtraction makes little difference.  For populations we simply use N (capital ‘’n’’).  



#3.  THE STANDARD DEVIATION
Piece of cake:  the SD is simply the square root of the variance.  So, if the variance is 100 cents2, the standard deviation is simply:   10 cents.  What is the SD for the 7 data points above? _________
READ, REVIEW AND RE-READ THE ABOVE UNTIL IT ALL ‘’CLICKS’’; UNTIL YOU CAN SEE THE RELATIONSHIP BETWEEN HOW DATA IN A SIMPLE SCATTER PLOT GIVES US A GOOD INDICATION OF THE CALCULATED MEAN, VARIANCE AND STANDARD DEVIATION.  
BOTTOM LINE:  THE MORE SCATTER, THE GREATER THE VARIANCE (AND SD) HENCE THE LESS CONFIDENCE WE CAN HAVE IN OUR SAMPLE MEAN BEING REPRESENTATIVE OF THE POPULATION MEAN (WE CAN’T CONFIDENTLY USE IT TO PREDICT THAT POPULATION MEAN).  YOU HAVE A GREATER CHANCE OF PREDICTING THE AMOUNT OF CHANGE A CO-WORKER USING THE VENDING MACHINE HAS THAN YOU DO FOR A CO-WORKER IN A CUBICLE.  DOES THIS MAKE SENSE?  IF NOT, KEEP RE-READING THE ABOVE.  
With properly collected samples the means and variances of the SAMPLE data are good predictors (unbiased) of POPULATION means and variances.  SAMPLE standard deviations are not as valid (too biased) for POPULATION standard deviations, and a CORRECTION FACTOR  must be applied (it’s based on sample size, n).  
#4.  UNUSUAL DATA OR RARE EVENTS
Certain conditions apply but for a large data set:
68% of those data fall between the mean and one SD above and below it (mean +/- 1 SD)
94% fall between the mean and two SD’s above and below it (mean +/- 2 SD’s)
99% fall between the mean and three SD’s above and below it (mean +/- 3 SD’s)
As a rule of thumb, an ‘’UNUSUAL’’ data value (and ‘’outlier’’) is considered to be one that is more than two SD’s from the mean either direction (+/-)
So, how do you handle outliers?  Do you simply delete it?  NO – there must be logical reasons for doing so, such as lab error, mis-copied numbers, faulty equipment.  The reason(s) for deletion MUST be documented. 
(a)  Answer this:  A pharmaceutical company test a new drug on 10,000 patients.  It is successful in all of them, and has only a few minor side-effects.  However, one patient died.  Should that rare event (data value) be ignored (deleted) ?  Justify you answer. _____________________
(b)  Here are the amounts of (cents) change in co-workers pockets from above:  49, 76, 12, 95, 265, 55, 46.
Determine if any of these are ‘’unusual’’ using the above ‘’rule of thumb’’.  Show your calculations.  
#5.  THE MODE
Nothing really mathematical here, just count them up.  Which data value has the most repeats.  Of course this is easier with discrete data (1, 5, 8, 19, 96) than continuous data (1.23, 3.45, 7.65).  But, what can the MODE tell us about our sample or our population?  Here are three small data sets (n=16):
(a)  4, 6, 6, 7, 4, 5, 9, 10, 12, 21, 4, 15, 8, 11, 13, 3  What is the mode?:  ______ (how many data points? ___)
(b)  5, 8, 2, 7, 8, 8, 3, 8, 9, 8, 2, 8, 8, 4, 1, 8  What is the mode?:  ___________  (how many data points?____)
(c)  2, 2, 4, 5,5, 6, 7, 7, 8, 3, 3, 9, 1, 1, 4, 8  What is the mode?:  _________  (how many data points?_____)
(d)  Explain if any of these modes helps you better understand the data hence the sample or population from which it came.  _________________
#6.  THE MEDIAN (SECOND QUARTILE = Q2), THE OTHER QUARTILES:  Q1 AND Q3, and the IQR
Again, this is just counting with perhaps some averaging.  BUT, YOU MUST RANK-ORDER YOUR DATA SET FIRST.  The MEDIAN is simply the data value in the middle of a rank-ordered data set, meaning that 50% of our data are greater than this value and 50% are less than this value.  Here is a rank-ordered data set:  3, 6, 9, 10, 15, 16, 17, 21, 89.
(a) What data value is in the middle, hence is the MEDIAN or Second Quartile ?  _____
(b)  What data value has 25% of the data below it and 75% above it (first quartile or Q1)?: ______
(c)  What data value has 75% of the data below it and 25% above it (third quartile or Q3)?: _______
(d)  The Interquartile Range (IQR) is simply Q3 – Q1 – IQR.  What is it here?  _______
THERE IS ANOTHER METHOD FOR DETERMINING IS ANY DATA VALUE IS ‘’UNUSUAL.  IT INVOLVES A CALCULATION:   MEAN +/- 1.5 * IQR.  YOU SIMPLY MULTIPLY 1.5 TIMES THE IQR AND THE ADD AND SUBTRACT THAT VALUE FROM THE MEAN TO GET THE LIMITS OF ‘’USUAL’’ DATA VALUES, HENCE IDENTIFY ANY BEYOND THOSE LIMITS.  
(e)  Calculate the mean for the above data set (software is fine):   ______ What is 1.5*IQR = ______
Now, add and subtract the 1.5*IRQ amount from the mean to get the ‘’normal’’ data limits:  ____ to ____
Are there any ‘’UNUSUAL’’ data values at either end of this data set?  If so what values:  ___________
(f)  Use the earlier rule of thumb method to identify outliers.  Calculated the standard deviation for the above data set (by hand of with software).  The SD = _____, so  2 * SD = ______.  Now, add and subtract that from the sample mean and you get a range for ‘’normal’’ data that is _____ to ____.  Any outliers?  _____
(g)  The data set above had 9 data values.  An ODD number of data values makes identifying the Quartiles pretty easy.  Try it for this EVEN-numbered data set (n = 10):   5, 7, 9, 11, 13, 15, 17, 18, 20, 22  
The MEDIAN (Q2) is between what two numbers?  _____ and _____.  What is the average of those two numbers? ____ That is the median.  Repeat this averaging for Q1 and Q3 to get Q1 = ____ and Q3 = ____
#7  FIVE NUMBER SUMMARY AND THE BOX PLOT
(a)  This is more accounting than statistics.  We simply arrange the statistics we have already calculated in a certain order:  Minimum value, Q1,  Q2,  Q3,  Maximum value.  What are these 5 values for the first data set (3, 6, 9, 10, 15, 16, 17, 21, 89.):  _____, _____, _____, _____, _____.  
(b)  The RANGE is simply the max – min and for this data set the RANGE is:  ______.  
(c)  DRAW (by hand or software) a BOX PLOT and indicate where the five above numbers are.

(d)  What statistics does a box plot NOT include?  ________________.  
(e)  Does a box plot tell you the number of data values anywhere?  _________  
NOW THAT YOU HAVE THE BASICS DOWN, LET’S GO BACK TO OUR CAR BUYING EXERCISE.  
Here are the 30 data points each (1000’s of miles before a major repair >$1000) for three makes (manufacturers) of a similar model vehicle. (COLORS are just to help orientation)
	DATA 
	 1     2    3    4    5    6     7    8    9   10  11  12  13  14  15 16  17 18  19  20  21  22  23  24  25  26  27  28  29  30

	MAKE “A”
	15  24  23  19  80  24  22  29  70  22  31  23  22  72  30 26  25 28  25  24  27  75  32  34  26  27  24  69  26  22

	MAKE “B”
	35  38  39  41  19  14  34  31  40  35  14  32  39  12  34 42  38  33  37  42  18  33 42  35  34  37  34  36  41  36

	MAKE “C”
	34  33  31  32  35  32  31  33  33  33  34  32  35  31  21  59  34  33  32 31  33  35 32  31  30  33  34  35  32  34


(you may need to rank-order these data sets to determine some statistics)

#7  COMPLETE THIS TABLE (BY HAND OR SOFTWARE)   ONE (1) DECIMAL PLACE (35.9 NOT 35.8692658265)

	MAKE
	MEAN
	VAR
	SD
	MODE
(& number)
	MEDIAN (Q2)
	Q1
	Q3
	IQR
	OUTLIERS
M +/- 2*SD
	OUTLIERS
M +/- 1.5*IQR

	‘’A’’
	
	
	
	
	
	
	
	
	
	

	‘’B’’
	
	
	
	
	
	
	
	
	
	

	‘’C’’
	
	
	
	
	
	
	
	
	
	



#8:  INTERPRETING THE DESCRIPTIVE STATISTICS AND DISPLAYS CALCULATED
FOR EACH OF THE TEN (10) STATISTICS IN THE TABLE ABOVE, EXPLAIN IF AND HOW THEY MIGHT HELP YOU MAKE A VEHICLE BUYING DECISION.  

#9.  WORK TEXT PROBLEM 3.1 #2 ON AROUND PAGE 80 OF THE TEXT
#10.  WORK TEXT PROBLEM 3.1 #8 ON AROUND PAGE 85 OF THE TEXT
[bookmark: _GoBack]#11.  WORK TEXT PROBLEM 3.2 #6 ON AROUND PAGE 98 OF THE TEXT
