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Advanced Data Analysis

The Standard Deviation 

Definition  
Standard = “For a typical value in the list” 

Deviation = “Distance from the mean” 

Thus, the standard deviation describes a “typical plus / minus distance from the mean.” 

Representation 

Putting mean in middle and counting three SD’s to the left and right will capture all or nearly all 

values. 

Ex:  “In a professional bowling tournament, ladies’ scores have a mean of 200 and a standard 

deviation of 10.” 

z-score = # of SD’s from the mean
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What is the z-score for a bowling score of 185? 

What bowling score is 2.5 standard deviations above the mean? 



Percentiles, quartiles, and IQR 

Percentiles 

A percentage of a distribution is best represented by area on its graph. 

Percentile of x = Percentage of scores below x 

Percentiles are cumulative; they add / subtract.   

If Alex is at the 30th percentile and Bobby is at the 80th percentile, 

1. What percent of students scored worse than Alex?

2. What percent of students scored better than Bobby?

3. What percent of students scored between Alex and Bobby?

Scores are one-dimensional and don’t give this information. 

Quartiles 

Quartiles separate the data into four quarters containing equal numbers of data points (25% each) 

The GRE uses the term “quartile” sometimes as a point (at the 3rd quartile) and sometimes as an 

interval (in the 3rd quartile) 

Quartile “At” the point “In” the interval 

“0th” Q0 = Min 

1st / lowest Q1 = 25th percentile From min to 25th percentile 

2nd Q2 = 50th percentile (median) From 25th to 50th percentile 

3rd Q3 = 75th percentile From 50th to 75th percentile 

4th / highest Q4 = Max From 75th to 100th percentile 



A “box and whisker plot” uses this 5-point summary to represent the distribution. 

Q0 = 68       Q2 = 85 , Q4 = 98 

Inter-quartile range = IQR = Q3 – Q1 

(15 in this example) 

Note that this plot shows us at a glance where the “heart” of the data is and the approximate 

shape of the data (skew follows the long whisker).   

Problems:  The vertical box-and-whisker plot represents the weights (in 

pounds) of 1,000 packages in a mail room. 

1. Describe the distribution of these weights

2. What is the median weight?

3. Find the inter-quartile range

4. What percent of the packages have weights between 0.45 and 0.7

pounds? 

5. How many packages weigh less than 1.15 pounds?

Q3 = 93 Q1 = 78 

IQR = 15 



The Normal Distribution 

This is a particular type of “bell curve” with a known relationship between z-scores and 

percentiles. 

Problem:  If checkout times at a grocery store are normally distributed with mean = 3.6 minutes 

and SD = 0.9 minutes, what percent of checkouts are 

Between 2.7 and 4.5 minutes? 

Between 4.5 and 5.4 minutes? 

Greater than 6.3 minutes? 
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Probability 

The key terms and their interpretations 

Mix-and-match 

_____ Basic probability A. Addition
_____ AND B. Subtraction
_____ OR C. Multiplication
_____ NOT D. Division

Venn Diagram Visualizations 

NOT = Outside 

A NOT A 
B 

NOT B 

AND = Intersection or overlap 

A NOT A 
B A AND B 

NOT B 

OR = Union or all-inclusive 

A NOT A 
B A OR B 

NOT B 
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Basic problems 

Patterned-English question:   
If you select a choice, what is the probability that it will be a success? 

Answer:  
)Choices(

)Choices e Within thSuccesses(
n

n

Empirical probability table:  Make row / column totals! 

The following table shows the number of website subscribers who chose various kinds of 
subscription options. 

Basic membership Premium membership Gold membership 
Monthly 8,000 6,000 2,000 
Annual 5,000 2,000 1,000 

If you choose a subscriber, what is the probability she chose a premium membership? 

If you choose a gold member, what is the probability that he subscribes monthly? 

If you choose a monthly member, what is the probability that she has a gold membership? 
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AND, OR, and NOT (Compound Probability) 

The adding / subtracting principles 

Basic membership Premium membership Gold membership Total 
Monthly 8,000 6,000 2,000 16,000 
Annual 5,000 2,000 1,000 8,000 
Total 13,000 8,000 3,000 24,000 

If you choose a subscriber, what is the probability that he is NOT a gold member? 

If you choose a subscriber, what is the probability that he is a basic member AND is an annual 
subscriber?  (AND = “overlap”)  Note that sloppy English won’t always use the word “AND”. 

If you choose a subscriber, what is the probability that she is a basic member OR a premium 
member?  (OR = “all-encompassing”) 

P(A OR B) = P(A) + P(B) 

Must subtract overlap: 

If you choose a subscriber, what is the probability that she is a basic member OR a monthly 

subscriber?   

P(A OR B) = P(A) + P(B) – P(A AND B) 
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The multiplication principles   

Draw a card and roll a die.  What is the probability that both are a 5? 

Reword:  The die is a 5 AND the card is a 5. 

Multiply:  P(A AND B) = P(A) × P(B) 

Adjust if the first selection affects the second one (“conditional” probability) 

Draw two cards from a deck.  What is the probability that both are 5’s?   
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Counting Principles 

Overlapping sets 

300 diners went through a Thanksgiving buffet with a choice of ham and / or turkey. 
100 had ham. 
150 had turkey. 
20 had both ham and turkey. 
How many diners had exactly one kind of meat? 

Ham No ham Total 
Turkey 
No turkey 
Total 

300 diners went through a Thanksgiving buffet with a choice of ham and / or turkey. 
100 had ham. 
150 had turkey. 
What is the least / greatest amount of diners who could have had no meat? 

Ham No ham Total 
Turkey 
No turkey 
Total 

Multiplication / Powers:  

To select “one of each” from multiple sets, multiply the sizes of the sets. 

Jimmy has 8 shirts, 4 pairs of pants, 3 coats, and 5 pairs of shoes in his closet.  How many outfits 
could he create out of his closet, if an outfit consists of one shirt, one pair of pants, one coat, and 
one pair of shoes? 

Sometimes “multiple sets” are really all the same set, if you keep selecting from the whole set 
(“replacement”) 

You select a card, put it back in the deck, and select again and again, three times.  What is the 
probability that you draw a red card all three times?  How would you write this with an 
exponent? 

How many CA license plates can be made of the form #AAA### ?  

___ ___ ___ ___ ___ ___ ___ 
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Combinatorics 

How many ways are there to select a license plate if you are not allowed to repeat characters? 

___ ___ ___ ___ ___ ___ ___ 

Multiplying descending integers is the basic counting principle behind “combinatorics”, or 
counting the number of ways to make selections from one set without repetition. 

First, recap difference between “set” and “sequence”. 

Set = The grocery bag with all your grocery items lumped inside. 
Sequence = The individual grocery items lined up on the checkout line. 
A “sequence” can be indicated by any situation involving order, rank, labels, or distinctions of 
any kind.  (Different orderings = different sequences) 

One set can be arranged into many sequences. 

Factorial 

Orderings of an entire set into a sequence. 
If your grocery basket has six items in it, in how many different orders can they be rung up on 
the checkout line? 
Memorize factorials up to 6! = 720 

1! = 1 2! = 2 ×1 = 2 3! = 3×2×1 = 6 
4! = 4×3×2×1 = 24 5! = 5×4×3×2×1 = 120 6! = 6×5×4×3×2×1 = 720 

Permutation 

Orderings of part of a set (a subset) into a sequence. 
If your grocery basket has six items in it but you can only afford four of them, in how many 
orders can you ring up four of them on the checkout line? 

46 P  = ____ ____ ____ ____ = 

 Combination 

Selections of subsets (no order, rank, distinction, etc) 
If your grocery basket has eight items in it but it’s too heavy and you have to remove three of 
them into a different bag, how many combinations of items can be in that bag? 

=
××
××

==
____________
____________

!3
38

38
P

C  
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What do you notice about the number of combinations left for the original bag?  What does this 
tell you about 38C  and 58 C ? 

Set or sequence?  

Students have a lot of trouble identifying a sequence when “order” is not specifically invoked.  
“Order” can be represented by rank, labels, or distinctions of any kind.   
Key question:  If I scrambled the items, would I be creating a new selection? 
Alternatively, can each item be identified in two different ways?  (Like name and order?) 
If the answer to one of these key questions is “Yes”, then it’s a permutation / factorial / sequence. 

In a classroom of 20 students, 6 will be selected to wear identical costumes for a parade. 
Solution:  We are choosing a set of students, because each selected student can only be identified 
in one way, by name. 

In a classroom of 20 students, 6 will be selected to wear costumes.  One will wear red, one 
orange, one yellow, one green, one blue, and one purple.  
Solution:  We are selecting a sequence of students, because each selected student can be 
identified in two separable ways, by name and color.  If the students swapped costumes, they 
would create a different selection.    

Practice:  Set or sequence? 

1. The six students will now dress up as a Skittles bag for Halloween.

2. The six students in colored costumes line up to see if they form a rainbow.

3. You are holding a five-card hand in a poker game.

4. In a card game, five players take turns drawing one card from the top of the deck.

5. A club holds an election for president, vice president, secretary, and treasurer.

6. A club selects four people to organize a party.

7. (Hard) To win the lottery, you must select six numbers out of the integers 1 - 40.
Winning numbers are always read in increasing order.



“Counting” Flow Chart 

REPETITION? 

POWERS 

Yes 

No 

If choosing whole set: 
FACTORIAL 

ORDER /  
DISTINCTION? 

No 
Yes 

COMBINATION 

PERMUTATION 

IDENTIFY YOUR SELECTION SET(S).  HOW MANY? 

ONE 2 OR MORE 

MULTIPLY 

(Combinatorics) 

(Basically the same) 
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