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Intro

Your brain on statistics. Here you are trying to learn something, while
here your brain is doing you a favor by making sure the learning doesn't stick. Your
brain’s thinking,“Better leave room for more important things, like which wild
animals to avoid and whether naked snowboarding is a bad idea.” So how do you

trick your brain into thinking that your life depends on knowing statistics?
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Can’t tell your facts from your figures?

Statistics help you make sense of confusing sets of data. They make the
complex simple. And when you've found out what'’s really going on, you
need a way of visualizing it and telling everyone else. So if you want to
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measuring central tendency
The Middle Way

Sometimes you just need to get to the heart of the matter.
It can be difficult to see patterns and trends in a big pile of figures, and finding the
average is often the first step towards seeing the bigger picture. With averages at
your disposal, you’ll be able to quickly find the most representative values in your
data and draw important conclusions. In this chapter, we’ll look at several ways to
calculate one of the most important statistics in town—mean, median, and mode—

and you'll start to see how to effectively summarize data as concisely and usefully

as possible.
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measuring Variability and spread
Power Ranges

Not everything’s reliable, but how can you tell?

Averages do a great job of giving you a typical value in your data set, but they don’t
tell you the full story. OK, so you know where the center of your data is, but often

the mean, median, and mode alone aren’t enough information to go on when you're
summarizing a data set. In this chapter, we’ll show you how to take your data skills

to the next level as we begin to analyze ranges and variation.
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What if we need a baseline for comparison? 118
Use standard scores to compare values across data sets 119
Interpreting standard scores 120
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calculating probabilities
Taking Chances

Life is full of uncertainty.

Sometimes it can be impossible to say what will happen from one minute to the
next. But certain events are more likely to occur than others, and that's where
probability theory comes into play. Probability lets you predict the future by
assessing how likely outcomes are, and knowing what could happen helps you
make informed decisions. In this chapter, you'll find out more about probability

and learn how to take control of the future!
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Find roulette probabilities 135
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using discrete probability distributions
Manage Your Expectations

Unlikely events happen, but what are the consequences?
So far we’ve looked at how probabilities tell you how likely certain events are. What
probability doesn’t tell you is the overall impact of these events, and what it means
to you. Sure, you’ll sometimes make it big on the roulette table, but is it really worth it
with all the money you lose in the meantime? In this chapter, we’ll show you how you
can use probability to predict long-term outcomes, and also measure the certainty

of these predictions.

Back at Iat Dan’s Casino 198
We can compose a probability distribution for the slot machine 201
Expectation gives you a prediction of the results. .. 204
...and variance tells you about the spread of the results 205
Variances and probability distributions 206
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Fat Dan changed his prices 212
There’s a linear relationship between E(X) and E(Y) 217
Slot machine transformations 218
General formulas for linear transforms 219
Every pull of the lever is an independent observation 222
Observation shortcuts 223
New slot machine on the block 229
Add E(X) and E(Y) to get EX + Y)... 230
...and subtract E(X) and E(Y) to get E(X - Y) 231
You can also add and subtract linear transformations 232
Jackpot! 238
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permutations and combinations
Making Arrangements

Sometimes, order is important.
Counting all the possible ways in which you can order things is time

consuming, but the trouble is, this sort of information is crucial for

calculating some probabilities. In this chapter, we'll show you a quick way

of deriving this sort of information without you having to figure out what all

of the possible outcomes are. Come with us and we’ll show you how to

count the possibilities.

The Statsville Derby

It’s a three-horse race

How many ways can they cross the finish line?
Calculate the number of arrangements

Going round in circles

It’s time for the novelty race

Arranging by individuals is different than arranging by type
We need to arrange animals by type

Generalize a formula for arranging duplicates

It’s time for the twenty-horse race

How many ways can we fill the top three positions?
Examining permutations

What if horse order doesn’t matter

Examining combinations
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Does order really matter?
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geometric, binomial, and poisson distributions
Keeping Things Discrete

Calculating probability distributions takes time.

So far we’ve looked at how to calculate and use probability distributions, but wouldn't it be
nice to have something easier to work with, or just quicker to calculate? In this chapter,
we’ll show you some special probability distributions that follow very definite patterns.
Once you know these patterns, you'll be able to use them to calculate probabilities,
expectations, and variances in record time. Read on, and we’ll introduce you to the

geometric, binomial and Poisson distributions.

We need to find Chad’s probability distribution 273
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The probability distribution can be represented algebraically 277
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The pattern of expectations for the geometric distribution 280

Expectation is 1/p 281
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using the normal distribution
Being Normal

Discrete probability distributions can’t handle every situation.
So far we’ve looked at probability distributions where we’ve been able to specify exact
values, but this isn’t the case for every set of data. Some types of data just don’t fit the
probability distributions we’ve encountered so far. In this chapter, we’ll take a look at

how continuous probability distributions work, and introduce you to one of the most

important probability distributions in town—the normal distribution.

Discrete data takes exact values... 326
...but not all numeric data is discrete 327
What's the delay? 328
We need a probability distribution for continuous data 329
Probability density functions can be used for continuous data 330
Probability = area 331
To calculate probability, start by finding f{x)... 332
...then find probability by finding the area 333
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Step 1: Determine your distribution 343
Step 2: Standardize to N(0, 1) 344
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Now find Z for the specific value you want to {ind probability for 346
Step 3: Look up the probability in your handy table 349
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using the normal distribution i
Beyond Normal

If only all probability distributions were normal.

Life can be so much simpler with the normal distribution. Why spend all your time
working out individual probabilities when you can look up entire ranges in one swoop, and
still leave time for game play? In this chapter, you'll see how to solve more complex
problems in the blink of an eye, and you’ll also find out how to bring some of that normal

goodness to other probability distributions.

All aboard the Love Train 363
Normal bride + normal groom 364
It’s still just weight 365
How’s the combined weight distributed? 367
Finding probabilities 370
More people want the Love Train 375
Linear transforms describe underlying changes in values... 376

...and independent observations describe how many values you have 377

Expectation and variance for independent observations 378
Should we play, or walk away? 383
Normal distribution to the rescue 386
When to approximate the binomial distribution with the normal 389
Revisiting the normal approximation 394
The binomial is discrete, but the normal is continuous 395

Apply a continuity correction before calculating the approximation 396

The Normal Distribution Exposed 404
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using statistical sampling
Taking Samples

Statistics deal with data, but where does it come from?

Some of the time, data’s easy to collect, such as the ages of people attending a health
club or the sales figures for a games company. But what about the times when data isn’t
so easy to collect? Sometimes the number of things we want to collect data about are so
huge that it's difficult to know where to start. In this chapter, we’ll take a look at how you
can effectively gather data in the real world, in a way that’s efficient, accurate, and can

also save you time and money to boot. Welcome to the world of sampling.

The Mighty Gumball taste test 416
They’re running out of gumballs 417
Test a gumball sample, not the whole gumball population 418
How sampling works 419
When sampling goes wrong 420
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Define your sampling frame 423
Sometimes samples can be biased 424
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How to choose your sample 430
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...or even systematic sampling 433

Mighty Gumball has a sample
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This is awesome!
We have a lot of
impressive statistics
we can use in our
advertising.
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estimating your population
Making Predictions

Wouldn’t it be great if you could tell what a population was
like, just by taking one sample?

Before you can claim full sample mastery, you need to know how to use your samples
to best effect once you’ve collected them. This means using them to accurately predict
what the population will be like and coming up with a way of saying how reliable your
predictions are. In this chapter, we’ll show you how knowing your sample helps you

get to know your population, and vice versa.

So how long does flavor really last for? 442
Let’s start by estimating the population mean 443
Point estimators can approximate population parameters 444
Let’s estimate the population variance 448
We need a different point estimator than sample variance 449
Which formula’s which? 451
It’s a question of proportion 454
So how does this relate to sampling? 459
The sampling distribution of proportions 460
So what’s the expectation of P ? 462
And what’s the variance of P ? 463
Find the distribution of PS 464
P_follows a normal distribution 465
We need probabilities for the sample mean 471

The sampling distribution of the mean 472
Find the expectation for X 474
What about the the variance of X? 476
So how is X distributed? 480
If n 1s large, X can still be approximated by the normal distribution 481

Using the central limit theorem 482
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constructing confidence intervals
Guessing with Confidence

Sometimes samples don’t give quite the right resulit.

You've seen how you can use point estimators to estimate the precise value of the
population mean, variance, or proportion, but the trouble is, how can you be certain that
your estimate is completely accurate? After all, your assumptions about the population
rely on just one sample, and what if your sample’s off? In this chapter, you'll see another
way of estimating population statistics, one that allows for uncertainty. Pick up your

probability tables, and we’ll show you the ins and outs of confidence intervals.

Mighty Gumball is in trouble 488
The problem with precision 489
Introducing confidence intervals 490
Four steps for finding confidence intervals 491
Step 1: Choose your population statistic 492
Step 2: Find its sampling distribution 492
Step 3: Decide on the level of confidence 494
Step 4: Find the confidence limits 496
Start by finding Z 497
Rewrite the inequality in terms of m 498
Finally, find the value of X 501
You've found the confidence interval 502
Let’s summarize the steps 503
Handy shortcuts for confidence intervals 504
Step 1: Choose your population statistic 508
Step 2: Find its sampling distribution 509
Step 3: Decide on the level of confidence 512
Step 4: Find the confidence limits 513

The t-distribution vs. the normal distribution 515
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using hypothesis tests
Look at the Evidence

Not everything you’re told is absolutely certain.

The trouble is, how do you know when what you're being told isn’t right? Hypothesis
tests give you a way of using samples to test whether or not statistical claims are likely
to be true. They give you a way of weighing the evidence and testing whether extreme
results can be explained by mere coincidence, or whether there are darker forces at
work. Come with us on a ride through this chapter, and we’ll show you how you can use

hypothesis tests to confirm or allay your deepest suspicions.

Statsville’s new miracle drug 522
Resolving the conflict from 50,000 feet 526
The six steps for hypothesis testing 527
Step 1: Decide on the hypothesis 528
Step 2: Choose your test statistic 531
Step 3: Determine the critical region 532
Step 4: Find the p-value 535
Step 5: Is the sample result in the critical region? 537
Step 6: Make your decision 537
What if the sample size is larger? 540
Let’s conduct another hypothesis test 543
Step 1: Decide on the hypotheses 543
Step 2: Choose the test statistic 544
Use the normal to approximate the binomial in our test statistic 547
Step 3: Find the critical region 548
Let’ start with Type I errors 556
What about Type II errors? 557
Finding errors for SnoreCull 558
We need to find the range of values 559
Find P(Type II error) 560
Introducing power 561
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the %2 distribution
There’s Something Going On...

Sometimes things don’t turn out quite the way you expect.
When you model a situation using a particular probability distribution, you have a
good idea of how things are likely to turn out long-term. But what happens if there are
differences between what you expect and what you get? How can you tell whether
your discrepancies come down to normal fluctuations, or whether they’re a sign of

an underlying problem with your probability model instead? In this chapter, we’ll
show you how you can use the x? distribution to analyze your results and sniff out

suspicious results.

There may be trouble ahead at Fat Dan’s Casino 568
Let’s start with the slot machines 569
The % test assesses difference 571
So what does the test statistic represent? 572
Two main uses of the %? distribution 573
V represents degrees of freedom 574
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Hypothesis testing with %> 576
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Fat Dan has another problem 585
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So what are the frequencies? 588
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And the formula is... 597
You've saved the casino 599
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correlation and regression
What’s My Line?

Have you ever wondered how two things are connected?

So far we’ve looked at statistics that tell you about just one variable—like men’s height,
points scored by basketball players, or how long gumball flavor lasts—but there are other
statistics that tell you about the connection between variables. Seeing how things are
connected can give you a lot of information about the real world, information that you can
use to your advantage. Stay with us while we show you the key to spotting connections:

correlation and regression.

Let’s analyze sunshine and attendance 607
Exploring types of data 608
Visualizing bivariate data 609
Scatter diagrams show you patterns 612
Correlation vs. causation 614
Predict values with a line of best fit 618
Your best guess 1s still a guess 619
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Introducing the sum of squared errors 621
Find the equation for the line of best fit 622
Finding the slope for the line of best fit 623
Finding the slope for the line of best fit, continued 624
We’ve found b, but what about a? 625
You’ve made the connection 629
Let’s look at some correlations 630

The correlation coefficient measures how well the line fits the data ~ 631

There’s a formula for calculating the correlation coeflicient, r 632
Find r for the concert data 633
Find r for the concert data, continued 634

Sweet! But is that
arain cloud I see
up there?

Feel that funky
rhythm, baby.
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leftovers
The Top Ten Things (we didn’t cover)

Even after all that, there’s a bit more. There are just a few more
things we think you need to know. We wouldn’t feel right about ignoring them,
even though they only need a brief mention. So before you put the book down,

take a read through these short but important statistics tidbits.

#1. Other ways of presenting data 644

#2. Distribution anatomy 645

| #3. Experiments 646
- #4. Least square regression alternate notation 648
#5. The coetticient of determination 649

#6. Non-linear relationships 650

#7. The confidence interval for the slope of a regression line 651

— #8. Sampling distributions - the difference between two means 652

#9. Sampling distributions - the difference between two proportions 653
#10. E(X) and Var(X) for continuous probability distributions 654

statistics tables
Looking Things up

Where would you be without your trusty probability tables?
Understanding your probability distributions isn’t quite enough. For some of them, you
need to be able to look up your probabilities in standard probability tables. In this
appendix you'll find tables for the normal, t and X2 distributions so you can look up

probabilities to your heart’s content.
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Standard normal probabilities 658
t-distribution critical values 660
X? critical values 661
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