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Introduction

How will you learn to use this program?

Different people learn to use programs in different ways. Some read all
the manuals before they ever start a program. Others never read
manuals and jump right in. Here we describe the tools available to you
for learning Fathom—starting with this learning guide and including
other materials that come with Fathom as well. Let’s go over what you
have to help you on this journey.

The Structure of Fathom: This short article, included in this
introduction, is a description, from the designers’ point of view, of how
the program works. It is just to read; there’s nothing you have to do.

Guided Tours: There are nine guided tours in this book. If you do
them all in order, you will learn a great deal (but not all) of what

Fathom has to offer. It’s best to do the tours step by step sitting in
front of a computer. Each tour is discussed in greater detail shortly.

The Quick Reference: This is a six-page summary of Fathom. It has
pictures and descriptions of the various gadgets that you’ll find on the
screen. You might want to keep this handy as you use Fathom,
especially at first.

The Reference Manual: This is a comprehensive description of the
entire program. Here you will find descriptions of every command and
function. The Reference Manual is best used for looking things up, rather
than for reading from front to back. If you have a student edition of
Fathom, you do not have the Reference Manual on paper, though there is
a copy on the CD.

On-Line Help: This is an on-line manual, complete with index, that
covers a lot of the same material as the Reference Mannal. When you’re
running Fathom, choose Fathom Help from the Help menu. This launches
your browser, opened to Fathom help.

Data in Depth: This is a book of curriculum materials that comes with
the instructor’s editions only. Many of these activities teach you to use
the program while they help you learn about mathematics and data
analysis. If you’re a teacher with students who do not own their own
copies of Fathom’s documentation, the students will probably learn to
use the program by doing these activities.

Internet Resource: The Fathom Web site, found at
www.keypress.com/fathom, has upgrades, a User’s FAQ with answers
to frequently asked questions, sample documents, links to data, and
other resources.



Introduction

Workshops for Teachers: Key Cutticulum Press offers one-day
workshops during the school year and three-day workshops and a
week-long institute during the summer.

The Guided Tours

The guided tours make up most of this book. They’re written for you
to do in order and step by step. We expect you to have a computer in
front of you, running Fathom. You may, of course, use the tours
differently—jumping from topic to topic, for example—as long as you
realize that you may come across instructions in the wrong order. That
is, in later tours we expect you to know basics covered in the first tours.

Unless you're very comfortable with computers and with statistical
concepts, you probably don’t want to do the tours in one run. Consider
doing a couple of tours, then using Fathom for a while to get used to
the basics, before doing later tours.

From time to time we ask you to open a file. These files are in the
Learning Guide Starters folder, in the Sample Documents folder, in the Fathom
directory.

Tour 1: An Introduction to Exploring Data—Residents of
Beverly Hills, California

This is an introduction to Fathom and all of the basics. You’ll open
files, make graphs and tables, and learn to manage Fathom’s screen.

Tour 2: Data, Formulas, and Prediction—Wrist Versus Height

In this tour, you’ll enter data, fit lines to data in a scatter plot, use a
residual plot to improve your fit, and learn about the squares in a least-
squares line. You will also see how you can change data in Fathom
simply by dragging it—which is one reason we call Fathom “Dynamic
Statistics” software.

Tour 3: Analysis of Groups

This tour features techniques for comparing groups. You’ll compare
groups by splitting plots according to group membership, and by
computing summary statistics for the entire data set and for each group
separately. You will also filter data—that is, look at part of the data set.
Some of these tasks require that you use Fathom’s formula editor. This
will be your first encounter with that prodigious tool.

Fathom Learning Guide
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Tour 4: Formulas, Functions, and Data—The Planets

You’ll use the formula editor even more in this tour. You’ll learn to
define new attributes with formulas and to plot functions on a scatter
plot. You’ll also meet another essential ingredient of dynamic statistics:
the slider. A slider is a variable parameter you will use to control the
function you’re fitting to the data. As you drag the slider, its value
changes and the function moves.

Tour 5: Generating Mathematics—Triangular Numbers,
Fibonacci, and Chaos

We visit pure mathematics in this tour, learning how to define
functions recursively in Fathom. Our collection of cases will be a
sequence, with each case linked to previous cases by a formula. You
can use “regular’” functions to compare the recursive model to its
closed-form counterpart, to discover the golden ratio in the Fibonacci
numbers, and to see how the parameter in the logistic function affects
its values.

Tour 6: Simulation—Polling Voters

In this tour, you will construct a simulation of a sample of voters using
a random number and a slider. Then you’ll see how well you can
predict the outcome of an election. This requires understanding a new
Fathom concept: the measure. A measure is an attribute of an entire
data set. You’ll collect measures (poll results) repeatedly to build up a
distribution of possible polls.

Tour 7: Estimating Confidence Using the Bootstrap

By how much do the readings on two thermometers differ? We can
compute the difference, but what is our margin of error? In this tour,
you’ll use sampling to find a confidence interval for a parameter. This
technique, called the bootstrap, is relatively new in statistics—and you
can do it in Fathom. You’ll coordinate your knowledge of sampling and
measures to build up this inferential procedure.

Tour 8: Testing a Hypothesis

Darwin did an experiment with plants to test whether cross-pollinated
plants grew taller. But he had a small sample. What should he do? This
time, instead of constructing a statistical procedure from scratch, we’ll
use a traditional procedure built in to Fathom: Student’s #test for the
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mean. Along the way, we’ll still use simulation, this time to assess
whether the original data are consistent with the normal distribution.

Tour 9: Pets and Sports—Testing for Independence

In this tour, you will study poll results in which schoolchildren were
asked whether they prefer dogs or cats. Can we see sex differences in
the preferences? That is, do gitls like cats more? This last tour
synthesizes traditional and computer-intensive methods. You will
simulate the null hypothesis to generate a distribution, and you will also
just plug the data into a chi-square test for independence.

The Structure of Fathom

Some people want to know what the designers think about the
structure of a program. If that’s you, this section is what you want.
Others like to figure out a program by using it. That’s a good way, too.
But even if you seldom read manuals, you may want to read this section
for background.

The Fathom Window

f Case abe It
% HusbandsAndWives % B
/ -
Husbands Andilives
= @ Age_Hus...|Hl_Husb... Age_Wife | Ht_¥
These data are taken from the OPCS Studw of the
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H W ives =
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4 |[s2 1779 57 1540 husband's age at the time of the marr iage Marsh, C. \
(1982) Exploring Data. Cambridge, UK : Pality Fress,
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[~ edited by D). Hand,, et l., Chapman and Hall, 1994
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Gra h
(his ogrdm)
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A Fathom document lives in a window and contains objects. There are
several different kinds of objects, led by the collection (which holds the
data). The collection looks like a rectangle with gold balls in it, or, if
you make it small, a box of gold balls.

Graphs, tables, and statistical tests are objects, too. But they do not
contain data. They just provide ways of looking at or altering data.
(Deleting a graph or table leaves your data intact; deleting the collection
deletes your data.)

Sliders are also objects; they control variable parameters, such as the
coefficient of a function or a probability in a simulation.

Text resides in objects, too. Text objects allow you to add explanatory
notes.

When you first use Fathom, collections are boring and may even appear
unnecessary. Why can’t the data just live in a table, like in a
spreadsheet? The answer is deep; one way to look at it is that Fathom
lets you distinguish between the way things are and the way they /hok. A
table is just one representation of the data, and we didn’t want to give it
the privileged position of being the data’s “native” appearance. So we
invented another representation, the gold ball. Another reason for the
existence of collections is that it makes some more advanced data
manipulation, such as sampling, easier. For example, you sample from
among the gold balls in the collection—and the balls go into another
collection.

Cases and Attributes

Each gold balls is a case. A case has attributes (also known as variables,
but we had to pick a word and stick with it) and attributes have values.
If the values are all numeric, then it’s a continuous (measurement)
attribute; if the values are text, it’s a categorical attribute. If your cases
are people, height and age are continuous; sex and race are categorical.

Whether an attribute is continuous or categorical determines many
things—including the kinds of graphs you can make to represent it.
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Case Tables

The case table is the familiar tabular view of

data. Each case appears as a row; each
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through a case table, it is only one view of the
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collection.

Graphs

Fathom also lets you view data graphically. The
graph object supports various kinds of charts and
plots. You tell Fathom what to graph by dragging
attribute names to an axis of the graph. You
specify the graph type by using a menu in the
corner of the graph object.

The configuration of attributes determines what
kinds of graphs are available. For example, if you
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put age on an axis and leave the other axis blank, you can get a box plot
or a histogram—because age is a continuous attribute. But if you put
sex on that same axis, you can’t get a histogram—because sex is
categorical. You get a bar chart instead.

You can also add things to graphs, such as functions. Functions can be
anything you can express with a formula (see the next section) as well
as the more familiar lines such as the least-squares linear regression line
or the median-median line.

In most kinds of graphs, you can change the data by dragging unless

the data are locked. So, for example, you can drag points in a scatter
plot and see how they affect a least-squares line.

Ubiquitous Formulas

Formulas are everywhere in Fathom.
You can use formulas as filters to tell
which cases you want to see and you

#%face formula [X]

randomPick (1, 2,3, 4.5,6)

can use them to compute values Il8lel+ =] E‘"F‘ambe -
(including random values) for 4| 5] 6] -] <| randonBeta_|
attributes. You can use formulas to Al 2| 3] x| 2| rardom3no
devise statistical measures and to %I =10l £ ~randomChiS
plot formulas as functions in graphs. | | A otfond | et

_
| €] 4] 2] o] cancel [Fpay] _ox |

random returns & random number. Examples:

You write formulas in the formula

editor. The formula editor appears randam() returns a number betvween 0and 1.

. random((100) returns a number between 0 and 100,
Wheﬂ you double—chck the place randomi-10, 10) returns & number hetween -10 and
where a formula belongs, or when
you select certain menu items. For (Windows platforn)

example, to make an attribute that is

the logarithm of income, make a new attribute, then select its name.
Choose Edit Formula from the Edit menu. In the formula editor, enter
log(income) and click OK. The new attribute will fill with the logs of the
incomes. Later, any change in the incomes will instantly be reflected in
their logs.

The formula editor supports a wide array of functions, from trig
functions to statistical distributions to conditionals such as if() and
switch(). They are all listed in the function and attribute list, a pane at the
right in the editor. Double-click an item in the list to enter it into the
formula pane above. You can also enter it by typing. The formula
editor supports syntax coloring, that is, it displays the names of
functions and attributes in special colors. If you type an attribute name
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or function and it remains black, Fathom does not recognize it (you

probably have a typo).

Using the Formula Editor

The peculiar nature of mathematical formulas makes editing them
different from editing ordinary text. First, certain characters—
parentheses, quotes, and absolute-value sighs—must appear in pairs.
Fathom always makes the second of the pair when you enter the first.
Second, grouping and order of operations require special editing
capabilities. New users of Fathom can use their intuition most of the
time, but there is one new principle they must learn: The effect of some
keys depends on what, if anything, is selected when you press them.
For example, if a + b—without parentheses—is selected, and you press (,
you get (a+ b)—with parentheses. If you press * (for multiplication), you
get (a+b)".

In each of the examples at left, the user types /4.

Finally, you need to click OK to close the formula editor. But sometimes
you want to see the result of your formula—to see if it’s right—before
closing the editor. In that case, click Apply on the screen or press Enter
on your keyboard; this applies your changes, leaving the editor open.
However, you must close the formula editor before you can go on to
do other things.

The formula editor is no# case sensitive; that is, it doesn’t care whether
you type capital or lowercase letters.

Measures

A regular attribute is a case ——
attribute: It has a separate =
value for each case in the number | <new> | ‘I
collection. But there are also ===

%% Inspect DieRolls

Cazes Measures |Comments | Display|

measures—attributes with one
value for the entire collection.
For example, in a collection of
five dice, each might have an “news=
attribute called number. But E———
the collection itself could have

a measure, ot total, that applies to the entire collection. It would have a
formula: sum(number). So, you can think of measures as statistics that
summarize your collection, though they can serve other functions as
well.

Measure Value | Formula

Pk | W | M| -
NS

tatal 14 sum [numker )
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Introduction

You create measures by using the inspector. Double-click a collection
to make the inspector appear, then go to the Measures pane.

Derived Collections

Some of Fathom’s collections fill with data automatically, according to
rules you specify. These are called derived collections. There are several
kinds. The two most important are samples and measures collections. A
sample is just what it sounds like: a collection that is a sample of some
other collection, called its source. Select the source and choose Sample
Cases from the Analyze menu. The sample collection appears. Control
how many cases it samples and whether it samples with or without
replacement in its inspector.

The measures collection is the

. . . dice -
. eazUres Trom dice
key to simulation and analysis M from d
. face =
It converts measures into case : total |
. = |rendomPick
attributes—so you can record T 1 |0
statistics (measures) about your 2 =
) , o 2 |z
collections. (It’s a bit tricky and 5 s 3 |m0
is best understood after you’ve 2 . 4 |15
ied i q 5 |13
tried 1t:) Suppose you have a s |- |
collection with five (randomly = 6 |18 B
generated) dice in it and a | L 3 I T l _lJ

measure, or total, that contains

their sum. If you connect a measures collection to that source
collection, the measures collection can record the total as a case. If you
tell Fathom to collect 100 measures, it will instruct the dice to re-roll
100 times, it will compute each total, and it will make a collection of
those 100 values. You have built up the distribution of that statistic.

To make a measures collection,

=:: i =

Inspect dice -

select the source collection and =
Cazes Measures Comments Display
choose Collect Measures from the
. Heasure Yalue | Formula |
Analyze menu. Again, control how
many measures it collects in its fotal =0 sum (fe)
inspector. %
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Getting Started

Here’s what you need to get started.

System Requirements

Windows

e Pentium-based system or equivalent

o  Windows 95, Windows 98, Windows 2000, or Windows NT 4
® 16 megabytes of memory

e CD-ROM drive

Macintosh

e OS 8 of better

e 16 megabytes of RAM
e CD-ROM drive

Install Fathom

Windows
1) Insert the Fathom CD into your CD drive.
2) Double-click the My Computer icon on your desktop.
3) Double-click the CD icon. (It may be labeled either D: or Fathom.)

4) Double-click the Setup icon and follow the directions on the screen.

Macintosh
1) Insert the Fathom CD into your CD drive.
2) Double-click the CD icon.

3) Double-click the Installer icon and follow the directions on the
screen.

Starting Fathom

The installer places a shortcut to Fathom on your desktop. (It looks like
a little gold ball.) Double-click it. You should get an empty window
similar to the one on the next page. From there, use commands in the
File menu to open an existing Fathom document, import data from a
text file or URL, or make a case table to type data into.

11
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Getting Started

untitlied HE

Fathom Dynamic Statistics™ Software | | |

(Macintosh platform)

Using the Help System

e The on-line help system has most of what you need to know.
Choose Fathom Help from the Help menu. Fathom launches your
browser software allowing you to access help information.

About Screen Space and Objects

e Fathom uses a lot of screen space. You may need to maximize your
window by clicking the maximize box in the upper right of your
screen.

e Only one olject (collection, table, graph, text, statistical test, or
slider) in the window is active at a time. The active object has a
border around it.

e To make an object active, click on it.

Fathom Learning Guide



Getting Started

You can move and resize objects by clicking and dragging on their
frames when they are active. Use the top of the frame to move an
object. Drag sides or corners to resize it.

Keep your objects small. (If you make them zery small, they become
little icons.) Use the View Object in Window command in the Display
menu when you want a big object.

The graph, summary table, and analysis objects each have their
own menus, which appear only when the object is active.

Getting Data

Fathom Learning Guide

One way to get data is to open a Fathom document. Choose Open
from the File menu and look in the Sample Documents folder. Many of
these documents have notes in them explaining what the data set is
and where it came from. Some have notes about things you can do
with the data.

You can also import data from a text file. Tab-delimited text works
well, but Fathom can figure out the format of some files that are
more complicated than that. Use the Import From File command on
the File menu, or drag a text file from the desktop into an empty
area of a Fathom document. Fathom creates a new collection.

The Internet is an amazing source of data. Fathom comes with
some URLs that point to data in the Data and Story Library
(DASL). If your computer is connected to the Internet, simply drag
one of these URLs into a Fathom document and you will get the
data. Documentation for the data will be in the collection
comments. You can access many other data sources on the Internet
just by dragging their URLs from your Web browser into a Fathom
document. However, some will 707 import correctly or will require
tweaking to format properly.

You can also copy data from other programs (such as a word
processing table, spreadsheet, or Web page) and paste it into an
empty collection. If importing doesn’t work well, copy/paste might
work better. However, you need to copy and paste comments
separately.

13
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Getting Started

About Undo

e The Undo command in the Edit menu will help you a lot. Choose it
to undo the last thing you did. You can keep choosing it to keep
undoing previous actions.

Fathom Learning Guide



Tour 1: An Introduction to Exploring Data—
Residents of Beverly Hills, California

This tour shows you how you can begin to explore data using graphs
and tables. We’ll look at a sample of residents of Beverly Hills,
California. The data were obtained from the 1990 U.S. Census
“microdata,” that is, data on individuals.

You Will Learn How to ...

e open a previously saved Fathom document.

e call up an inspector.

® create, change, and move objects (collections, tables, and graphs).

e see with graphs and tables how a single attribute, such as age, varies
in the sample; and how combinations of attributes, such as age and
income, vary.

Opening the File
1) If Fathom is not already running, start it by double-clicking its icon.
2) From the File menu choose Open.

3) In the resulting dialog box, open the Sample Documents folder, then
the Learning Guide Starters folder, and then the BeverlyHills file.

oven a3 foen B
Lookin: {23 Fathom 5 Q‘ Loak jn: 3 Sample Documents - gl B Loak jn: &3 Leaming Guids Starters - QI =

Intemnet Shortouts Census Files
S e Datain Depth

[®] Accidents fim

.fim|
Darwin.ftm
PetSpoitSurvey ftm
Plansts ftm
Temperatwes.fim

5 men
Text Files of Data

Walkthrough Guide $tarters

Fie name: | Open | | Flename ] Goen | | Flename  [Beverbbikim e |
Files oftype: [ Fathom Files (*ftm) - Cancel Files of lype: | Fathom Files [* ftm) g Cancel Files of tvpe: | Fathom Files [+ fim) = Cancel

The sequence of folders as seen on a Windows computer

&) Fathom | = Fathomless G Sample Documents | + = 2 Learning Guide Starters | | ==Fathomless

(5} FathomHelp [-] Eect | (5} DatainDepth =] Eect [&) Accidents.ftm [=] Eject

(] sample Documents 9 (%} Fathom Demos BeverlyHills.ftm —
(] Learning Guide Starters x Darwin.ftm &
(] other Interesting Data PetSportSurvey.ftm B
(5] walkthrough Guide Starters Planats ftm
[&) Temperatures.ftm
[=] open =l Open =1 Open

The sequence of folders as seen on a Macintosh
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Guided Tour 1

The documents that come with Fathom are locked so that each person
going through a tour (or using a file for a Data in Depth activity) on a
given machine will encounter the same document. Before going further,
you should save this file.

4) Choose Save As from the File menu.

5) In the resulting dialog box, navigate up two levels to the Fathom
folder.

6) Name the document Tour1 and click Save.
7) Maximize the window (if it isn’t already maximized) by clicking the
appropriate button in the upper right corner of your screen.

Your window should look similar to the one shown below.

#% Fathom - [BeverhyHills.ftm] [ _ (O] <]
File Edit Display [nzert Data Analyze ‘Window Help _|ﬁl|1|

BeverlyHills RerandomizeJ
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A zample of residents of Beverly Hills, with
=zex and age noted for each idividual (gold

ball). These data were obtained from 1930
LS. Census "microdata " that is, data about

@ individuals.
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Cases: 150 Selected: 0 Filtered: 150 Attributes: 10 A

Each gold ball in the collection represents one case in the collection,
that is, one person. When the cursor is over the collection (or case
table, if there were one), the status bar—bottom left of the Fathom
window—gives information about the data: This collection has 150
cases, and each case has 10 attributes. Let’s see what the attributes are.
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You can also bring
up the inspector by
selecting the collection,
then pressing Ctrl-l

(Win) 381 (Mac).

The keyboard
shortcut for inserting
a case table is Ctrl-T

(Win) &-T (Mac).

Fathom Learning Guide
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Inspecting the Data
8) Double-click the collection.

&% Inspect BeverlyHills
The iI’lSpCCtOK appears. If you double- Cases |Measures |C0mmerﬁs | Display|
click on a case, the inspector shows Atiribute | Value Formula
that case; otherwise, it defaults to the e M
first case in the collection. The ra::e 13?
inspector shows 8 of the 10 attribute —— i
names. To see the remaining ancestry | Russian
attributes, use the scroll bar to scroll et ar
down the list, or you can resize the ok M
. . . eduTe:xt Bachelor'...
inspector by dragging on the window Y LE
bordet.

9) Click on the inspector’s Comments tab.

You will see a brief description of this data set. The comments pane of
the collection is a good place to keep documentation and notes about
the data. It is also where notes and attribute definitions appear in
collections you download from the Internet.

10) Click on the Cases tab.
11) Close the inspector by clicking its close box.

Making a Case Table

Often you want to see the data in a table. Here’s one way to make a
case table in Fathom.

12) Click once on the collection to select it. (When it is selected, it has
a border around it.)

13) Choose Case Table from the Insert menu.

Each row in a case table shows

attribute values for one case. Bever.yHmS|

Each column corresponds to sex | e race | El

one attribute. You can use a case 1 |m a7 White Fu

table to change values, to enter 2 M a5 White Isr

new data, to add attributes, and 3 |u 19 other race | His

to define formulas for attributes. a4 |m 45 cther race

14) Drag a bottom corner of the 5 |F &7 White Ge
case table to enlarge the L L 51 Wihite R
table to see more cases and 7|M 0 otherrace |
attributes. 2 I I o 2

17
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Making a Graph

Let’s look at the range of ages among the people in our sample by
creating a graph of age. Across the top of the Fathom window is a shelf
with tools for making frequently used objects.

Selection Tool  Case Table Summary Table Slider

Collection Tool / Graph / Estimate

Parameter Text Tool

Hypothesis
Test

15) Drag a graph from the shelf into your document.

When you click, your mouse pointer becomes a closed fist. As you
move the mouse over the document, you see a frame that shows
where the graph will be placed when you release the mouse.

! 16) Find a spot in the document where you want to place the graph
and release.

You can also The result should be an empty graph, as
create a graph by shown at right. no data Empty Fiot
selecting Graph
from the Insert
menu or pressing
Ctrl-G (Win) %-G

The graph is empty because you haven’t told
Fathom which attribute to graph. You do this
by dragging an attribute from the case table to
an axis of the graph.

gNIaC)- . . Drop an attribute here.

If your case table 17) Make sure you can see the age attribute in

takes up too much of the case table.

the screen, shrink it 18) Drag the age attribute by its name to the horizontal axis of the

by dragging on ifs graph over the spot labeled Drop an attribute here. (As the mouse moves
border. Also shrink over the appropriate area of the graph, a black border will appeat.)

the collection. The result should be a dot plot of the [BeveriyHins] [bot Plot v

ages of the people in the sample, as
shown at right.
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Another way to force
cases not to overlap is
1o choose Stack Dots

from the Graph nzenn.

The keyboard
shortcut for
inserting a
summary table is
Ctrl-U (Win) 38-U
(Mac). You can
also drag one off
the shelf (the table
with the S on it).

Fathom Learning Guide
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We see that the ages of the people in our sample range from zero to
almost 100. But at this resolution, the dot plot does not show which
ages are more common than others. You can change the type of graph
from a dot plot to a histogram.

19) Click on the tab in the upper right corner of the graph labeled Dot
Plot.

A popup menu, as shown at right,

ADDEALS + Dot Plot
ppears. Line Plot

20) Choose Histogram from the popup Histogram
menu. Mtigram
Box Plot

By default this histogram groups people
into bins according to their ages. The height
of each bin represents the number of
people in the age range indicated on the x-axis. If you hold the cursor
over a bin, the number of people the bin represents appears in the
status bar (lower left of the Fathom window). Notice that in 1990 there
was quite a peak of people in the range from thirty to forty. These are
the baby boomers.

Percentile Plot
Mormal Quantile Plot

Making a Summary Table

Now that we’ve seen the distribution of ages among the people in our
sample, let’s look at how many females and males we have. There are
several ways to do this; one is to make a summary table.

21) Choose Summary Table from the Insert menu.
Fathom puts an empty table in your fo data | Summary Tabls
document, as shown at right. L =

22) Drag the sex attribute to the summary table,
dropping it on the down-pointing arrow.
(Again, a black outline appears when you are over a drop area.) The
result should be similar to the illustration.

From this table we see that there are 79
females and 71 males.

BeverlyHils |Summary Table

By default, when showing a categorical L - = = |
attribute, the summary table displays the sex — —
number of cases in each group, but you can Column Summary150

display other things in addition to, or instead
of, the count by editing the formula. (See

51 =court [ )

19



page 38.)

Splitting a Graph

Guided Tour 1

We’ve now seen how age and sex vary among the people in our sample,
but we have not checked to see whether males and females have
roughly the same distribution of ages. (Do you have any reason to

expect a difference?)

23) Drag the sex attribute to the vertical axis of the age histogram. (As
before, a thick black outline surrounds the drop area.)

The result should be similar to that shown
here. The sex attribute has split the
histogram into an upper histogram of
males and a lower histogram of females.
We say that we sp/it the histogram of the
numeric attribute, age, by the categorical
attribute, sex. The two histograms seem
similar, as we might expect from a random
sample of residents. (But are there perhaps
more older women?)

BeverlyHills | Histogram w

T2

g
i

Nl

<200 0 20 40 B0 80 100
age

Graphing Two Numeric (Continuous) Attributes

Now we’ll look at relationships between
two numeric attributes, age and income.

24) Drag income to the vertical axis of
the age histogram, thereby replacing
the sex attribute already there.

You should get a scatter plot like
the one shown here. The type of
graph has automatically changed

from a split histogram to a scatter
plot because you can’t split a
histogram by a continuous attribute.

BeverIyHiIIsl Scatter Fiot w
200000 %o
160000
E o
120000 o °
2 o
[
£ 20000 @3 R
40000 o %g&%og% 9
P,
0 20 40 B0 &0 100
age

25) We see that very young people earn practically nothing, as
expected, and that a few middle-aged residents in our sample have

incomes around $200,000 per year.
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Moving, Resizing, and Deleting Objects

You may need to move, resize, and even delete graphs, tables, and
collections in your document. (But be careful about deleting a
collection, since that will delete the data.)

Move

£ Drag the bar at the top of whatever object you want to move. (You’ll
have to select it first to see the bar, but if you know where the bar is,
' you can just drag.) You can also move objects by holding down the Alt
key (Win) 38-Option keys (Mac), and dragging the object. Notice the kind
of cursor you get when you can move an object.

Resize

The left, right, and bottom edges of the frame around an object are

100 used for resizing. You can also drag any corner to resize in two
directions. If you shrink an object enough, you zonify it, turning it into a
== little icon which you can move by dragging its body.

Delete

To delete an object, first click on it to select it, then press Delete (Win)
38-D (Mac), or choose Delete [Object] from the Edit menu.

Two Attributes in the Summary Table

When we are interested in two categorical attributes, such as sex and

marital status, summary tables can tell us the number of people

(frequencies) with each combination of values.

26) Drag the marital attribute to the other (right-pointing) arrow of the
summary table. (Again, you get a black outline when you’re in the
right area.)

The result should be similar to

that shown here. Consider the  |[Bevertiis ] Summsry Table
cell with 23 in it. It tells us that _ rmardl Row
3 1L Diy | Mar | Hev | Sep | Wid | rimary
there are 23 married females, s 1= = o s s |
because it is in the column for S M e [ (3= 2 |0 |m
married people and in the row || “™ S“E“"]‘a”’hs 53 |67 |2 |13 [1s0
=1 = court

for females.

We see that all 13 of the people who are widowed are women. Marital
status, unlike age, seems to be distributed differently among the women
and men in this sample from Beverly Hills.
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F. 42 [42, 100000]

This 42-year-old
female has an income

of $100,000.

Don’t forget the help

system!
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Graph and Summary Table Tips and Techniques

You now know the basics. Exploration will tell you much of what you
need to know. Fathom comes with many collections of data. Take
some time to explore this and other data sets. Here are some tips about
graphs and summary tables that you may find useful. When you are
through with this file, close it.

As you move the mouse over data displayed in a graph, you will see
information about the data in the status bar in the lower left corner
of the window (see left).

You can have as many graphs as you like, displaying data in
different ways. You can select cases (or whole bars in histograms
and bar charts) on the graphs by clicking on them. Since selecting
in one graph selects in all the others, this is a great way to see
relationships among many attributes.

In a dot plot or scatter plot, double-click a point to bring up an
inspector for that case.

Rescale an axis by dragging its numbers with the mouse pointer
(which turns into a hand). There are three drag areas: with the hand
pointed up you shift the axis; with the hand pointed left or right,
you can push numbers off of, or pull numbers onto, the axis.

When a graph’s axes have been changed, you can quickly set them
so that all the data is visible by choosing Rescale Graph Axes from the
Graph menu.

You can make the bars of histograms narrower or wider by
dragging their edges.

Look in the Graph menu to see what else you can add to the graph.
Depending on the graph, you can add lines of best fit, add a
movable line, or you can plot functions and values on it.

When you drag an attribute onto an already occupied axis, the new
attribute replaces the attribute that was there.

There are commands in the Graph menu to remove attributes from
a graph.

Try putting other attributes on the summary table. Dropping an
attribute on an existing attribute replaces it. Dropping the same
kind of attribute (categorical or numeric) on the arrow pointing at
an attribute adds the new one, leaving the first in place.
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Just as adding a categorical attribute to a summary table gives you

the count by default, adding a numeric attribute gives you the zean
by default.

When a summary table is selected, a Summary menu appears. Use it
to add formulas to the summary table.

Formulas using rowProportion, columnProportion, rowTotal, and columnTotal
are particularly useful when your summary table has a categorical
attribute on each axis.

23






An “outlier” is a
data point far from
the main cluster of
points.

S Sa——
The shorteut for
inserting a case table
is Ctrl-T (Win) 38-T
(Mac).
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Tour 2: Data, Formulas, and Prediction—
Wrist Versus Height

Here we look at entering data with an eye toward using the values of
one attribute to predict another.

You Will Learn How to ...

e cnter data into a new collection.

® make a scatter plot and drag points to change the data.

e fita line through data in a scatter plot in two different ways.
e change the captions of the cases (gold balls) in a collection.

o  show the influence of outliers.

Preparing to Enter Data

Do taller people have bigger wrists? We expect a correlation between
the two quantities height and wrist circumference, but we don’t expect
it to be perfect. How well can we predict height if all we know is wrist
size?
1) If Fathom is not already running, start it by double-clicking its icon.
(If you don’t already have an empty document, make one with the
New command in the File menu.)

2) Maximize the window.
3) Drag a case table from the shelf into the
document, or choose the Case Table command in

the Insert menu. You should get an empty table
similar to the one shown at right.

4) Click once on <new>.

5) Type Name for the first attribute and press Enter.
6) Make two more attributes: Height and WristCircum.

You now have a table and an iconified collection as shown below.

Collection 1|
[ Mame [ Heignt [wristcir..] <]

¢

Collection 1
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The shorteut for New
Graph /s Ctrl-G (Win)
-G (Ma).

26

Guided Tour 2

7) Make the WristCircum column wider by dragging its right edge.

8) Double-click the label Collection 1 in the title of either the table or the
collection. This should bring up a dialog box for renaming the
collection.

9) Type People and click OK.

Entering Data
You’re ready to enter the names and numbers for our five people. (All

measurements are in inches.)

10) Click in the cell below Name. - |Heigrrt|Wri =——

11) Type Bill and press Tab. il &6 675
12) Enter the rest of the data shown in the Jd |es |gs
table at right. Use Tab to move to the Denise |63 |5.75

next cell. (At the end of the first case, Tab 1, (74 725
will take you to the first cell in the next
case.)

Lauren | 59 a4

13) Save this file to preserve the data.

Graphing Height Versus Wrist Circumference

Now let’s look at the relationship between the two continuous
attributes, Height and WristCircum.

14) Choose Graph from the Insert menu

(or drag the graph icon from the Peaple Scatter Flot v
shelf to an empty area in the 4 .
document). o

15) Drag the column header for Height Ses -
and drop it on the vertical axis of 62 °
the graph. e

16) Similarly, drag the column header 54 58 Mﬁsfc 86 70 T4
for WristCircum and drop it on the T

horizontal axis.

Your graph should look similar to the one shown above. Resize it to fill
as much of the empty space as possible.
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Why do we call

Fathom “Dynamic
Statistics” software?
Whatever you drag in
Fathom, everything
else in your document
changes during the
drag. These dynamic
changes allow you to
see how things are
connected and how
they work.

You can also right-
click (Win) or Ctrl-
click (Mac) on the
graph to invoke the
Graph zenn.
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Dragging Data

You can drag data in a graph to change it, making it easy to observe the
effect of changes in the data on graphs and analyses.

17) Move the mouse so that the tip of the arrow is on top of one of the
data points.

Notice that the arrow’s orientation changes from northwest to west.
This is your clue that you’re positioned to drag the point.

Notice also that the status bar at the bottom left of the Fathom window
shows the coordinates of the case.

18) Drag the data point.
As you drag, you should see the values for the two attributes
changing in the case table.
19) Choose Undo Drag from the Edit menu.
The point returns to its original position.
Fathom has wnlimited undo, allowing you to undo backward and redo
forward through the changes you have made.

You can prevent data from being accidentally changed by selecting the
collection and choosing Lock Collection from the Data menu. (If you try
this, unlock it to continue the tour.)

Fitting a Movable Line

Recalling that our goal is to be able to predict height from wrist
circumference, and noticing that the points in the graph appear
reasonably linear, we place a line in the graph.

20) Select the graph by clicking on it once.
21) Choose Movable Line from the Graph menu.

The line that appears in the graph is

not a fitted line. You can change its People [Seatter Piot =
slope and intercept by dragging it. 74

Dragging on one end of the line 70

causes it to rotate around the other Bee .

end. Dragging on the middle of the * o .

line moves it parallel to itself. The e

cursor changes shape to suggest what 5456566062 646668707274
will happen when you drag. Notice Height - 805t s

that the equation of the line shown
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below the graph updates as you drag.

You might suppose that a line through this data should have zero for a

_y-intercept. You can try out this idea by choosing Lock Intercept at Zero

from the Graph menu. You can uncheck it by choosing it again.

22) Experiment with dragging the line. Position the line so that it
appears to give a good fit to the data.

While eyeballing a fit through data points is sometimes sufficient, we

often need some criterion for a best fit. One commonly used criterion is

a least-squares fit. You can see how least-squares works as follows.

23) Choose Show Squares from the

Graph menu. Peoplel Scatter Plot w
The graph now shows a square i
. =70
constructed from each point to the %BB
line, a square whose side length is 152
equal to the difference between Y
the actual and predicted value for 54GESBENE2EABEERTNT2TA
| K wristCircum
the polnt—the residual, Height = 6.89histCircum + 22.7;
Sum of squares = 13.70

24) Experiment with dragging data
points.

Notice that the squares change as you drag, but the line does not
move. (Be sure to use Undo to put the points back where they
started before going on.)

25) Experiment with dragging the line. Notice that the squares change
and that the sum of squares reported below the graph changes.

26) Adjust the line so that the sum of squares of the residuals is as
small as possible.

The line that satisfies this criterion is called the /least-squares regression line.
Fathom can compute this line.

27) With the graph selected, choose Least-Squares Line from the Graph
menu.

How closely did you manage to adjust the movable line to match the
least-squares regression line?

Making a Prediction—Looking at Residuals
28) Choose Movable Line from the Graph menu (to uncheck it).

29) Measure your own wrist circumference in inches.
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o e e

5.8 6.2

[5.9654, 63.364)

The shortcuts are
Ctrl-Z (Win) $6-Z
(Mac) for Undo, and
CtrlR (Win) %R
(Mac) for Redo.
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30) Move the mouse pointer along the least-squares line, noting that
the coordinates of the tip of the arrow are reported in the status
bar in the lower left corner of the window. When the x-coordinate
of the mouse pointer is at your wrist circumference, you can read
off a prediction for your height.

Probably this prediction was a bit off. Let’s see how much off we might
expect it to be.

31) With the graph selected, choose Make Residual Plot from the Graph
menu.

A plot of the residuals appears

below the main scatter plot. Peaple Scatter Fict v
Corresponding to each point in .
the original graph is another point
below whose y-value is the .
difference between the predicted T
value and the actual value (its o
vertical distance from the line). 58 T A
32) Slowly drag one of the points . WiristCircum .
in the top graph. %1 ] s =
. . . . s
Notlce‘ how its remdu.al changes in s P A & S
the residual plot. Notice also that, WiristCiroum
since the least-squares line is reigm = 7.0wristCircum + 21.2, 12 = 0.90,
changing in response to dragging Sumof sauares =138

the point, the other residual points
are changing as well.

33) Use Undo to return the data to its original values.

The residuals appear to lie roughly in a band from —3 to +1. How far
off was the prediction of your height? Did it lie within that band?

34) Add yourself as a data point in the case table.

How much does this change the slope and intercept of the least-squares
line?

Changing Cases’ Captions

From the scatter plot alone, you can’t tell which person is which, but
Fathom lets you control how cases are captioned.

29



Derise [5.7500, 63]

The shortent for
gooming in is Ctrl-
click (Win) Option-
click (Mac). Add the
Shift &ey 2o z00m
out.

30

35) Make the collection larger
until you see all of the cases,
each of which is a gold ball
labeled “a case,” the default.

36) Select Name in the case table.

37) Choose Use as Caption from
the Display menu.

Guided Tour 2

Peaple | Rerandomize

@ @ @ @ @

acase acase acase acase 8 Ccaze |

The cases are now labeled with each person’s name. When you
hold the cursor over a data point, the caption appears in the status
bar, bottom left of Fathom’s window.

38) Drag the right bottom corner of the collection up and to the left to

iconify it again.

The Influence of an Outlier

Let’s play around a bit with the idea that one data point may or may not
have a significant influence on the regression line.

First, we need a little room to create an outlier.

39) Manipulate the axes by
dragging the upper and lower
ends of each axis toward the
middle.

You should have something
similar to the graph shown at
right.

40) Drag the rightmost data point
away from the line.

Notice how wildly the slope and
intercept of the regression line can
change in response to changes in
one of the points. A least-squares

People | Scatter Plot »+
0]
75
_‘5?0
ZLes
G0
25

45 S0 55 60 65 O Y5 &4
WikistCircum

e

Fesiduz:
ey D)

L]
45 50 &85 60 65 7.0 75 80
WiristCircum
Height = 7 .08WristCircum + 21.2; "2 = 0.90;
Sum of squares =13.05

regression line is quite susceptible to outliers, making it especially
important that you look at your data graphically before reporting a

least-squares slope or intercept.

41) When you are finished with this file, close it.
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To learn how to
matke attribute values
depend on

a formula, see

page 42.
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Ideas for Further Exploration

Where does the outlier have to be to make the least-squares line a
negative slope? That is, how far out (and in what direction) does an
outlier have to be to really mess you up?

Which data point is most influential on the least-squares line?

Add a median-median line to the graph. Compare how much it is
influenced by changing data to how much the least-squares line is
influenced by changing data.

Fathom has built-in functions for computing the slope and
intercept of a least-squares regression line. You can use these to
create a new attribute that computes the WristCircum values from the
Height values. Your formula will look something like this:

linRegrSlope(WristCircum, Height) * WristCircum + linRegrintercept(WristCircum, Height)
Add another formula-driven attribute to compute the residuals.

Find the standard deviation of the residuals using a summary table
(see page 38 for how to use summary tables).
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Tour 3: Analysis of Groups

Determining the differences and similarities between groups is a
frequent theme running through data analysis and statistics. In this
tour, we’ll look at 735 highway accidents that took place in 1996 in
Connecticut. Each accident resulted in at least one fatality. We will look
at two questions: (1) Are people who wear seat belts more likely to
escape injury in an accident than those who do not? (2) How does age
vary among different groups?

You Will Learn How to ...

e filter a collection.

e make bar charts and ribbon charts.
®  split bar charts and ribbon charts.
® make a summary table.

e compute quantities for each group in a summary table.

Looking at the Accident Data

Our data consist of the first 300 fatal crashes in Connecticut in 1996,
compiled by the U.S. government’s Fatal Accident Reporting System
(FARS).
1) Open the Accidents file in the Learning Guide Starters folder. Save,
move, and rename this file.

Accidentsim=—7————————— H|H

1

Aecidents Rerandomize |

The cases in this collection
are people involved in
accidents

For each person we have
information about their age,
sex, role in the accident,
44 yr old Male with belts, Mo Injury seat, side of car, restraint
system, avallability of air

®

55 yr old Female with belts, Injured

@®

bag, whether aloahe! or drugs
were involved, and the
severity of any injury

@
k4

ES yr old Male with no restraints, Kiigdyr old Female with no restraints, Mo injury

@

yr old Female with no restraints, Injured

®

54 wroold Male with belts, 52 yr old Ferale with belts, Killed

®

40 yr old Female with belts, Injured 39 yr old Female with belts, Injur&lyr old Female with be impro

27 wr old Male with belts, In jured

S []

Cases: 735 Selected: 0 Fiersd: 735  Atiributes: 13 T T [»
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As usual, each gold ball represents one case—for this data, a person
involved in an accident. The captions below the gold balls describe the
person. The cases have been arranged so that each row represents one
accident. If you haven’t yet, maximize Fathom’s window by clicking the
control in the upper right corner of the window.

We need some screen space.

2) With the collection selected, choose View in Window from the Display
menu to make the collection fill a separate window. Scroll around
and look at some of the cases. When you’re through, click its close
box.

3) Drag the lower right corner of the collection frame toward the
upper left corner until the collection shrinks into an icon. You can
easily move it by dragging it from anywhere exvep its name or its
edge.

Looking at Attributes

Let’s see what attributes are in
the collection and how we
might use them to answer the
two questions posed at the
beginning of this tour.

4) Double-click the collection

o: Inspect Accidents =

Cases Meazures Comments Display

Attribute Yalue Formula

CaseMo 1

YehicleMumber 1

ﬂﬂy\Vhel‘C CXCCpt its name PersonNumber 1

(ot press Ctrl-l (Win) 38| Age =5
(Mac))- Sex Fernale
This bl‘iﬂgs up the PersonType Driver
inspector. In it you can see Seat first
the list of attributes for Side left
cases in this collection. RestrainiSystemlse |belts

AirBagAvailabilityFu...

5) Resize the inspector or
scroll down until you find
attributes called RestraintSy...

Alcoholinyolvement

OtherDruginyolyement

and InjurySeverity. (You can SN I jured
resize the columns.) e s
These two attributes, along S Eoie73s 7

with age, are the ones we’ll use
in this tour.
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In practice, we would
look more carefully at
the other categories
before discarding
them.

Filters are
expressions whose
values are either true

or false.

The keyboard
shortcut for adding or

removing a filter is
Ctrl-F (Vin) %8-F
(Mac).

Notice that attribute
names become colored
in the excpression.

Fathom Learning Guide

Making a Bar Chart

6) Insert a graph.

7) Drag the RestraintSystemUse
attribute from the inspector
onto the graph’s horizontal
axis and release.

Your graph should look like the
one at right. Notice that most of
the cases are in two categories: belts
and no restraints. The other four
categories get in the way. We’re
going to filfer out cases belonging
to those four categories.

Filtering Data

Guided Tour 3

decidents Ear Chart =

400

00

=

2200

]

100

—
T T T T T T
0o oL % % 2

L] =
3z &8 £ 3 7
= = T 4
o =1 1
(=% - i
=] o o
5 = 2
E
i
=]

coumt{

In Fathom, you can add filters to collections, tables, graphs, summary
tables, estimates, and tests. We’ll add one to the collection so that
anything we make from that collection will only show the cases that

pass through the filter.
8) Select the collection.

9) From the Data menu, choose Add Filter.

The collection will expand, a line labeled <new filter> will appear
underneath it, and the formula editor opens for you to put in an
expression that will serve as a filter. (To edit an existing filter,

double-click it.)
10) Type an open parenthesis (or

use the formula editor’s keypad).

Notice that you get both open
and close parentheses, with the
cursor between them.

11) Click the open/close control for
Attributes in the formula list.
You should see a list of attribute

names from the collection.

12) Scroll down to RestraintSystemUse
and double-click it.

{ Restinsyreni fee = "bels")
or { Resteinsywemliss = M0 FatEiE")

b lole
v B[ [x o |+
|2 [£ [+ v [A [n

|0 | | [
[ L [ o fon [

AirBagdvailabilityFun
Aleohollnvolvernent
CazeNo
InjurySeverity
OtherDruginvolvernent
FersonNumber
PersonType
RestraintSystemlse [+

Ll v

Elim) I

Cancel Apply 0k
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This enters the attribute name in the formula editor without your
having to type it.

13) Press =.
14) Type ‘belts” (with the quotes).

15) Press the closing quote and then the right parenthesis key to move
the cursor to the right of the close parenthesis (or click there with
the mouse).

16) Click the or button on the keypad in the formula editor (or type it).

17) Create the second half of the expression as you did the first, sub-
stituting ‘no restraints” for “belts”.

(RestraintSystemlilse = "helts")
ar (RestraintSystemllse = "no restraints™)

18) Click the OK button in the formula editor.

When the cursor is over
the collection, the
information in the
status bar in the lower left of the Fathom screen says that now only 593
out of the original 735 cases passed the filter. If you scroll through the
collection, you will see that some of the cases have grayed-out captions.
These are the ones that don’t pass the filter.

Cazesz: 735, Selected: O, Filkered: 593, Attributes: 13

19) Make the collection small again by
dragging the lower right corner of the B1 yr oid Female with bets, Hilld

frame toward the upper left.
36 yr old Male, Killed

The bar chart should now have two bars, one

for each of the categories we care about. Now 7 yr olebsle with o restrairts, Kiled
we’re ready to look at injuries in relation to

restraints.
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Leaving the old graph
on the screen makes
it easy to compare the
two. You could,
instead, change the
existing graph, rather
than making a new
one.
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Splitting a Bar Chart
20) From the inspector, drag InjurySeverity

. . Accidents Ear Chart -
to the middle of the graph (drop it 400
when a big black box outlines the =
plot area). 3 20
When you release the mouse, you 150
should see a stacked bar chart. Each e
bar has been split into three different bets o restraints
regions, one for each of the three mjurySeverity YT
injury categories. The legend H]I!\IJEL:;_?:W Dittes

count { )

underneath the graph provides a key
to the regions.

Notice that the portion of the no restraints bar that corresponds to
killed is large, especially compared with that portion in the belts bar.

Making and Splitting a Ribbon Chart

Bar charts are good for comparing counts, but they are hard to use
when what we care about is proportions. A ribbon chart works better.

21) Make a new empty graph.
22) Drag RestraintSystemUse to the horizontal axis of the new graph.

23) From the popup menu in the upper right corner of the graph,
choose Ribbon Chart.

Notice that you can read the proportion of

cases for belts right off the axis scale.

24) Drag InjurySeverity to the middle of the
ribbon chart.

Accidents Rilbon Chart w

e

20%  40%  6B0%  50% 1009
hefts no restraints

The ribbon chart splits so that each of the
two main parts of the bar has three smaller
regions, each corresponding to an injury
category, as shown at right and
described in the legend that appears
below the graph.

RestraintSyvstemlse

Accidents |

Ribhon Chart

e U

The height of each small region corre- : : : : :
. . 20% 40% E0% 0% 100

sponds to the proportion of its bar. So hefts no restraints

we can estimate that about half of

those with no restraints were killed,

RestrairtSystemlze
InjurySeverity
| Injured
o injury

[ Killert

37
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while fewer than one-fifth of those using seat belts were killed.

This answers our first question. We conclude that, for this collection of
accidents, your chances of getting killed were about two times greater if
you did not wear seat belts than if you did.

Making a Summary Table

What about the second question: How does age vary among the

groups? Neither bar charts nor ribbon charts will help us here. We’ll

use a summary table so that we can compute the median age for each

group.

25) Choose Summary Table from the Insert menu or use Ctrl-U (Win) 38-U
(Mac).

26) Drag RestraintSystemUse

to the right arrow and accidents | Summary Table
. ; Restraint U
InjurySeverity to the down raimSystemlise |
@ belts NO restraimts | o nmapy
arrow. Injured |94 116 210
Your table should show InjurySeverity| Killed |43 221 264
Ho injury |72 44 18
counts of the number of 0 Injury
. Column Summary| 2ng 331 550
cases in each group plus bt court { ]

row and column totals. The
number in the lower right corner is the total number of (filtered) cases.

By default, a summary table computes counts for categorical attributes,
but you can change that or add any additional computations you want.
If the summary table isn’t already selected, click on it once.

27) Choose Add Formula from the Summary menu.
28) In the resulting formula editor, type median(age) and click OK.
Now each cell of the table

has two numbers. The top Acciderts Summary Table
number is the count for Raw
belts no restraints
that cell, and the bottom ” py Wﬁ
number is the median age Injured | - 50 22 7
for that category of people. Kiled | ¥ 21 264
43 cr 3750

The table also has row and - i o
column summaries. Ho injury | 0 3

. . . Column Summaty| 2ng =) zan
Practice rctadmg this tab}e - o -
by answering the following 1= court [ )

. 2 = median [age)
questions.
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Which group has a higher median age, those who wear belts or
those who don’t?

Do the people who are killed tend to be older or younger than the
people who are not?

Which group has the highest median age? (Can you rationalize why
this might be?)

What is the overall median age for this filtered portion of the
collection?

29) When you are through exploring, close this file.

Questions for Further Exploration

Are drivers more likely to be killed than passengers? Even if they’re
wearing seat belts?

Do air bags appear to change the chance of being killed?
What can you say about pedestrians?

Come up with some of your own questions that can be answered
by these data. What questions do you have that are 7ot answered by
these data?
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Tour 4: Formulas, Functions, and Data—
The Planets

This tour focuses on using formulas to define new attributes and to
plot functions. We’ll look at a data set with only nine cases—the
planets in our solar system. We’ll compute the density of the planets
and investigate the relationship between a planet’s distance from the
sun and the length of its year.

You Will Learn How to ...
e define an attribute with a formula.
e plota function in a scatter plot.

o make and use a slider.

Computing the Densities of the Planets
1) If Fathom is not already running, launch it.

2) Open the Planets file in the Learning Guide Starters folder in the Sample
Documents folder. Your window should resemble the one below.
Save, rename, move this file, and maximize the window.

#% Fathom - [Planets.ftm] H=E3
File Edit Display Insert Data Analyze ‘window Help = | =) 1'
Planets For each of the nine planets, the following fields apply.
Hame | R_Mm |orbit_Mkm| ~| R_hm The planet's radiuz in milions of meters.
1 WERCURY |2.439 574 A EE Orbit_Mkim: The radius of the planet's orkit in milions of
. : — kilometers. |
2 |WEMUS £.052 108.2 2430 day: The length of the planet's day in Earth days.
3 EARTH 5375 1495 1 M_Earths: The planet's mass in Earth masses.
- - vear: The length of the planet's vear in earth years.
4 |MARS 3395 2279 1.0 orhit_ALL the radius of the planet's orbit in terms of the
§ |[JUPTER (71388 (7783 041¢  Earth's orbit radius.
6 |SATURM |60.33 1429 0.42¢
7 liRanns |95 850 2RTE ny1es
. ] .

Flanets Rerandomize |
SO R @ o o .
ERCLURY WENUS EARTH MARS FLUTO

]

I:Il URANUS MEPTUME

JupTER  SATURN
il &
1] | |
Dynamic Statistics [tm) NLUM v

Fathom Learning Guide
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You can also create a
new attribute by
selecting an excisting
attribute and
choosing New
Attribute from the
Data renu.

The formmula for the

volume of a sphere is
4
V== ﬂ'r3
3

but don’t enter the
left side and use
R_Mm dustead of r.

Look up Formulas 7
the belp system for
more information and
hints.
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First we’ll compute each planet’s density. For that we need to know its
volume and its mass because density is the ratio of these values. The
volume comes from the radius, the attribute R_Mm, measured in millions
of meters. The mass, measured in Earth masses, is recorded in the
attribute M_Earths. We’ll compute density in two steps using two new
attributes (though we could do it in one), beginning with volume. (You
may want to hide the text object first, to give yourself some room.
When it is selected, press Ctrl-H (Win) #-H (Mac).)

3) Resize the table to the right until you can see the column headed
<new>.

4) Click once on <new>.
5) Type Volume and press Enter.
Now we need to tell Fathom the formula for volume.
6) From the Display menu, choose Show Formulas.
7) Double-click in the formula cell just beneath Volume.

The formula editor appears. We’re going to make our formula look like
the one below. You can use your computer keyboard or the formula
editor’s keypad and list. Here are some tips.

e From the keyboard, type * for multiplication, / for division, and *
(Shift-6) for exponentiation.

® To escape the fraction, use either
the right arrow button or a mouse
click.

|
A
g
=
3
L

[#- Aftributes

®  Multiplication is sometimes Funcions
indicated as a dot between terms i grebc"i"'ara'”es

and sometimes, as in traditional
algebra, as nothing between terms.

i cazelndex
i falze

o =~ |~ |~
* o |0

[ v [A [0

L+ x|+ [+

A

=.

=
g

=]

iA_
&

e Enter T either by choosing it from
the Special heading or by typing pi (with a space after).

e Click the open/close control next to a heading in the
attribute/function list to open the list of items under it.

o  Double-click an item to enter it into the formula.

e (lick an item to get an explanation of it in the help area at the
bottom of the formula editor.

e Use the attribute R_Mm in place of . You can get it from the
attributes list or by typing it.
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The up arrow shows
you the structure of
an expression.

You can resize the
Sformula row by
dragging down.

1086.78 is the
volume of the Earth
in cubic megameters.

Planets

Dot Plot w

02 04 08 05 10

Density
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e  (lick the close control next to a header to close it.
e When you’ve typed an attribute correctly it will appear blue.

e Use the arrow keys on the editor keypad or on your computer
keyboard to move right or left. The up arrow selects the next
largest portion of the expression. The down arrow selects a smaller
term.

8) Close the formula window by clicking OK or pressing Alt-F4 (Win)
#-W (Mac).
Fathom computes the volumes and displays them in the table in
gray to distinguish them from ordinary data values.

The next attribute has an easier formula:

Mass  but we want it relative to the earth’s density.

Density= Volume

9) Make a new attribute, Density.

10) Give the new attribute the formula shown here. The numerator is
the mass in Earth masses, and the denominator
is the volume in Earth volumes, so the density
comes out in Earth densities. This lets us
understand the density of the planets relative to
our own planet.

Density formula

M_Earths
Yolume
1088.78

11) Make a graph with Density on the horizontal axis. It should look
similar to the one at left.

When you click on a data point, the corresponding planet in the
collection is selected. You can select more than one case at a time by
clicking and dragging a rectangle around some points as shown below
left.

Answer these questions.
®  Which planet has the lowest density?

e  What do the three planets on the right in the graph have in
common?

e What do the four planets on the left have in common?
e  What is special about Earth?

e If the Moon is a chunk of Earth, where should it lie in the graph?
Look it up and see where it does lie.

43



Guided Tour 4

Playing Kepler
Now we’ll study one of the most famous relationships in physics—how
the period of an orbit depends on the orbit’s radius.

12) Make a scatter plot with year on the vertical axis and orbit_AU on the
horizontal.

You should see points lying on a line gently curving upward. It looks as
though we could predict how long a planet takes to go around the sun
if we knew the radius of its orbit.

But what is the function? One way to find out is to try to plot it.
The graph bas to be 13) With the graph selected, choose Plot Function from the Graph menu.

selected for the Graph 14) Type in a plausible function, say, orbit_ AUZ, and click OK.
meni to appear.

b M : b
1t’s not quite right. Let s change the == oster Pl >
exponent. We’ll use a slider so we can 70 o
drag continuously from one value to 200
another. 5150 “
2
15) Choose Slider from the Insert menu. e .
50
A slider appears. The illustration e ®
below right shows its parts. By D 5 10 15 20 25 30 35 40
orhit_AU

default the slider has the name V1. ot AP |

16) Double-click the name and type
something more reasonable, like P for power.

We think that the curve should be something Animation ~ Slider name ~ Slider value

. . . button \
between linear and quadratic, that is, between a 3
power of 1 and 2. The slider scale is like a graph

[; 1 - 5.00000%

. . =
axis, so we can change it. 5 3 A ¢ v n 2]
Zoonz in with Ctrl- 17) Zoom in on the slider (or drag the axis) until  braggable ‘thumb” \ Scale
click (Win) Option- the scale shows roughly one to two.
click (Mac). 18) Double-click the formula below the graph, so that you can edit it.
Replace the 2 in the exponent with P. Close the formula editor
| mbit_MJP window.

As you drag the slider’s thumb, the curve moves accordingly. Another
way to change the slider value is to edit it directly.

19) Double-click the slidet’s value and type a new one, pressing Tab or
Enter when you’re done.

20) Find a value for P so the curve fits nicely through the points.
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In Tour 2 you saw
that you can matke a
residual plot for a
linear fit. You can do
the same with a
Sunction. Try it.
Notice how small the
residnals are. It's a

very good fit!

logorbit logyear

log {orbit_aU ] [log [year )
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You should find that P= 1.5 or P = % fits very well. The curve’s

equation is year = radius’/2 or, as Kepler would have written it,
T? = R3, where T'is the length of the year and R is the planet’s radius.

Kepler with Logs

Another way to figure out the relationship between period and radius
of an orbit, is to take the log of both attributes.

21) Make two new attributes, named logorbit and logyear. (These are
names, 0Ot formulas.)

22) Make their formulas log(orbit_AU) and log(year), respectively.

23) Make a scatter plot of logorbit versus logyear. It looks like a line!
We can make some lines automatically.

24) Choose Least-Squares Line from the Graph menu.

Check out the slope. Look familiar?

If T? = R3, then log(T?) = log(R?). So 2 log(T) = 3 log(R). This means
that Kepler’s law implies that the slope of log(orbit) versus log(year)
should be 1.5, and we see that it is.

As you can see in the graph below, there is a gap between Mars and
Jupiter. What goes there?

Planets | -
25
20

15

§ 10

Bos

T on

05
a0

06 02 02 06 10 14
logorbit
logyear =1 Sllogorbit + 0.000044; ¢2 =1.00

Close the file when you’re through.
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Tour 5: Generating Mathematics—
Triangular Numbers, Fibonacci, and Chaos

This tour also focuses on using formulas to define new attributes and
to plot functions. But this time we’ll work in a purely mathematical
context, defining sequences recursively by writing formulas that refer to
the previous case’s values.

You Will Learn How to ...
e use Fathom to generate a collection’s data.
e define a formula that refers to other cases.

e use an if() construction.

Computing the Triangular Numbers

The triangular numbers are the sequence {1, 3, 6, 10...}. You can also
think of the #th triangular number as the sum of the first # integers. But
in this tour, we will use an equivalent, recursive definition: The #th
triangular number is the (7 — 1)st triangular number plus 7.

1) If Fathom is not already running, start it by double-clicking its icon.
If necessary, choose New from the File menu to get a fresh
document. Maximize the window.

2) Make a new case table by choosing Case Table from the Insert menu
or by dragging one off the shelf.

3) Click the <new> attribute header and type Tii (for triangular) to name
our attribute. Press Enter to accept the name.

4) Select the new Tri attribute label and choose Edit Formula from the
Edit menu. The formula editor opens. (In the previous tour, we
chose Show Formulas from the Display menu to get access to
formulas. This is another technique.)
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The special constant
caselndex 7s the
number of the case,
that is, the row
number.

The expression
prev(Tni) means “the
value of Tri from the
previous case.”

48

5) Enter caselndex + prev(Tri). Click OK to close
the editor. Now we have a formula for our

attribute, but no cases.

6) With the case table selected, choose New
Case(s)... from the Data menu. Type 10 and
click OK. Ten cases appear; your case table

should have 10 values as shown.

7) Make a new graph and drag Tri to the vertical
axis. You'll see a dot plot. Change the

graph to Line Plot, and you’ll see the
parabolic shape of this sequence.

Notice that we cannot make a scatter
plot. That’s because we don’t have an
attribute for the horizontal axis. We’ll
make one now:

8) Make another new attribute;
name it n.

9) Give it the formula: caselndex. Just
that one word. When you close
the formula editor, you’ll see that
n has the row numbers in it.

10) Now drag n to the horizontal
axis.
You get the scatter plot you expect.

Callection 1
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At this point, you could plot a function as we did in the last tour; you
could try to see if you can figure out the function that goes through the
points. Alternatively, you might remember that the sum of the first #
integers is #(n + 1)/2 and see if that function fits.

Fibonacci Numbers

Now we’ll enhance our collection to make the Fibonacci numbers as
well as the triangular numbers. The rule for the Fibonaccis is that each
number is the sum of the two previous numbers. There’s an additional
rule to get us started: The first two numbers are both 1.
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11) Make a new attribute, Fib.
Give it the formula in the
illustration. Here are some
hints about working with
if-statements:

Fib <New:> 4 |
#%Fib formula

1

if (caseindex < 2]{ prew (Filn) + prey [prev (Fib))

® The first set of parentheses encloses a condition—an expression
that’s either true or false. This one is true for the first two cases.

e When you type if(, Fathom fills in the close parenthesis with the
brackets and question marks for the two clauses.

e Make “less-than-or-equal-to” by holding down Ctrl-Shift (Win)
Option-Shift (Mac) and pressing <.

o After the brackets, the top expression is what you get if the
condition is true. You get the bottom one if it’s false.

® Press Tab to move from clause to clause.

This construction is typical for a recursive definition: Use caselndex in an
if-statement to define the initial condition. One fork of the if defines the
initial values; the other defines the recursive step. Also, notice how
prev(prev( )) works to give us the one-before-last that we need for
Fibonacci numbers.

12) Make a scatter plot of Fib as a function of n. It has a characteristic
exponential shape.

Let’s figure out a formula that approximates the Fibonacci numbers. If

it’s exponential, the ratio of adjacent terms will be constant.

13) Make another new attribute and call it ratio.

14) Give it the formula Fib/prev(Fib).

Collection 1 Line Scatter Plot w

15) Make a graph of ratio as a function of n. 22
Make that graph a Line Scatter Plot so you 20
can see the trends better. %‘2
From the graph and table it looks as if ratio s
converges to some number between 1.6 and o
1.7. Could this be the golden ratio? That [ o B s
ratio (called @, or phi) is n
1++/5
o= 1tV5
2
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(Win) Ctrl-click
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16) Click on the graph and choose Plot Function from the Graph menu.
Enter the golden ratio, root and all (click the root key on the
formula editor’s keypad or press Ctrl-Shift-R (Win) or Option-Shift-R
(Mac) for the root to make the square root). Click OK when you’re
done to make the function show.

17) The function is a constant, of course—a
) . . > Line Scatter Fict w
horizontal line. But you can see that the

ratio seems to approach it, as shown in the o oo

. . T 1 518033957

illustration. (We added more cases to show

: : : 1618033985

you how precise this convergence is.) o e

That means that we can approximate the .
. . . S . T
Fibonacci numbers with a function like this: Z
Fib(n) = AD"

18) Make a new slider and rename it A. Set it equal to 1.0 for now. It
will be our coefficient.

19) In the scatter plot of Fib as a function of n, choose
Plot Function from the Graph menu. Enter the function
shown at right. Here are some tips:

n faor value

(5

2
® Be sure A is outside the parentheses.

71 8] 9| +|

® Select the 1 and the root before pressing / in
order to divide them both.

® Be sure that the whole fraction is selected (or your cursor is just
outside the parentheses) before pressing * in order to
exponentiate the whole thing.
20) Play with the slider for A to get a good fit.
We get A=0.44717. You may need to zoom =
in to the slider axis to get fine enough nadd | 04 | 04m | oae

control, especially if you have added more 200000
cases. A residual plot helps, too. & 100000
D.

el

Alternatives

|> A = 044717

16 16 20 22 24 26

We could have taken a different path to find 1 :

the function. For example, we could have — 4 Z )

found the logarithm of the Fibonaccis and fit a

straight line to them. Analyzing that equation would have led us to the

value of the coefficient and of P.
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We also could have avoided re-entering @ by making a measure in the
collection named phi, and defining it by the formula. Then we could
have used phi in the formula for the curve.

Logistic Chaos

It’s a surprisingly short step from where we are to chaos. We’ll study a
famous recursive definition for population:

popn = R(popn—l)(l _popn—l)

where R is a parameter of the system. Once again, we need an initial
condition for pgp. For now, we’ll make its initial value 0.1.

In this model, the value for pgp is a decimal between 0 and 1. It is the
size of a population compared to its maximum possible size. (You may
want to free up some screen space before proceeding.)

21) Make a slider named R with a value of 0.5.

22) Make yet another new attribute in our collection, this time named
pop. Give it the following formula (be sure to press * after you type
R so Fathom knows you’re multiplying):

if { caselndex = 1 {21
R prev (pop - (1 — prev (pop )

23) Make a Line Scatter Plot of pop as a function = oz Fi ]

of n. The first 10 cases look something 1o
like the illustration. The population 0.08
declines. gggi
24) Play with the slider for R so you get a 0.02
constant population of 0.1. This will be 0 SR R
at about R = 1.1. Explain why 1.1 gives a n

constant population of 0.1.

25) Set the slider axis to extend from about 1 to 4, and set the vertical
axis of the scatter plot to extend from 0 to 1.

26) Be sure you have at least 40 cases. (Use New Cases in the Data menu.)

27) Increase R slowly and observe what happens. You should get
smooth behavior before R = 3, then oscillation, and, finally,
stranger and stranger behavior beyond about R = 3.5.
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This is the chaotic regime of this equation. While before it was smooth
and predictable, here it seems to jump around strangely, looking less
like mathematics and more like real data.

Ideas for Further Exploration

e  (Create a slider to be the initial value of pop. With R<2.5 or so, what
effect does that initial value have on the eguilibrium values after
about n=10?

o  What effect does the initial value have on the eventual values when
Ris in the chaotic regime?

e  Why does the function become less interesting with R >4.0?

e Make a new plot, but this time put pop on the vertical axis and leave
the horizontal axis empty. To get beyond the initial values, add a
filter to the graph. Enter n>20. (Now you’re looking at only the last
20 cases.) For what values of R does the function converge to one
value? Two values? Four? And the toughie, #hree values? (Check out
R =3.84015.)

e Challenge: Make this graph of the 100th iteration versus R:
hieazures from Collection 1 Soatter Plot w
10
0s
05

04

0z

30 3.2 34 36 3.8
F value
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Tour 6: Simulation—Polling Voters

In this tour, we simulate a population of voters, a certain proportion of
whom will vote in favor of a particular proposition. We investigate the
question of how accurately a random sample of voters can predict the
outcome of the election.

You Will Learn How to ...

e use a slider to define a population parameter.

e define an attribute based on the random function.
e define a measure.

e  collect measures.

Defining the Problem

The city of Freeport has a rent control initiative, Prop A, on the ballot.
The local newspaper is going to conduct a poll three weeks before the
election to gauge public sentiment. Staff members need to know how
big a sample to poll. Your job is to set up a simulation they can use to
determine, for any given sample size, the accuracy they should expect.

Modeling Voters

First we model the population, the people who will vote in the election
either for or against the proposition. This model will consist of a single
number, the proportion of voters who will vote yes.

1) Start with a new, empty Fathom document.

2) From the shelf, drag a new slider into the document.

By default a slider is named V1. We want the

slider to have a more meaningful name. ‘D prob¥es =5.00 ‘
3) Double-click the name portion of the — A;lé —
slider, the V1, and type probYes and press ‘
Enter.

Since a proportion of voters can only lie between zero and one, we
need to adjust the slider scale.

4) Drag the numbers on the slider scale until the scale goes
approximately from 0O to 1.
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Notice that dragging the slider scale is just like dragging the scale
on a graph’s numeric axis.

For the purposes of this model it isn’t important that the scale go
exactly from 0 to 1, but sometimes, especially when we’re animating,
we do care. So let’s look at a more exact way to set the axis scale.

5) Double-click the numbers along the scale of the slider.

Below the slider you should see a control text object for the slider.

6) Double-click the lower bound [ ProbYes =0.513
number and change it to 0. =
7) Tab to the upper bound numberand = o2 o4 08 o0 1

change it to 1. i o
Slicder axiz info

You should have something similar to The probies auis is hotizonts! from
. . 0 1o 1.0000
what is shown at right.
8) Click once on Slider axis info to select it.
9) From the Edit menu, choose Delete Control Text.

10) Set the value of the slider (by dragging its thumb) to something
near 0.5, simulating a close election.

The slider models the population. A collection will model our sample
of votets.

11) Drag a collection from the shelf into the document.
The collection will be empty and named Collection 1.

12) Double-click the name below the box. Use the resulting dialog box
to name the collection Sample of Voters.

We want this collection to contain 100 cases for starters. Later we can
investigate other sample sizes.

13) With the collection selected, choose New Case(s) from the Data menu.
14) Type 100 in the resulting dialog box and click OK.

So far, the cases in the collection have no attributes. We want one
attribute, vote, whose value is either yes or no.

Fathom Learning Guide
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15) Double-click the collection.

This brings up its inspector. In it Case Attributes |Measures | Comments |Dis...|
you will define an attribute for a Attribute | Value | (R
vote. T | -

16) Click <new>, type Vote, and press
Enter.

17) Double-click in the formula cell in
the right column.

You should see a formula editor. Now & g5
you need to enter the formula that will
choose “yes” the percentage of the

time specified in your slider, probYes. [ — voteformula ———8&
18) Enter the conditional formula if (andom () < prbes) {f

shown in the editor at right by

typing ifrandom()<probYes Tab ‘yes”

e T
The random function, if you don’t 4] 5| 8] | <] | cbst vanes

. . . Fob'fes

give 2 minimum and maximum, A0 2] 3] %] 2|1 tontiames ¥
generates random numbers 0| -0 ] =] b S |
between zero and one. 3| | A ot and] |y >
19) Close the formula edit window | €] 3| 2] ot oot | Coomty] _ox |

by clicking the OK button. .

///
-] ﬁzn oo You should see the value of
the Vote attribute in the inspector become either yes or no. Scroll

through a few more of the cases by clicking the right arrow in the
bottom left corner of the inspector. Some of the values should be
yes and some should be no.

Let’s make a graph of the Votes. A bar chart will show us at a glance
whether the poll predicts the proposition will pass or fail.
E 20) Drag a graph from the tool shelf into the document.

21) Drag the vote attribute name from the inspector onto the x-axis of

the graph.

Fathom Learning Guide 55



The shorteut for
Rerandomize 75
Ctrl-Y (Win) 38-Y
(Mac).

Your inspector won’t
look exactly like this
one because we’ve
adjusted the size and
colummn widths.
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You should now have the [ probves =0.527 [Sample of voters | [Ba EhartSw

three objects shown at = &
right. " 0z 04 e os I E 0
20
22) Choose Rerandomize from @; . .
the Analyze menu. Do this Yo

. count{ )
several times.

Each time you rerandomize, the bars in the bar chart will change,
reflecting the results of a new sample.

Another way to rerandomize is to drag the slider thumb. When the
slider value is near one, most of the votes will be “yes,” and when the
slider value is near zero, most of the votes will be “no.”

23) Move the slider back to something close to 0.5.

Simulating Repeated Surveys

We’ve been hired to predict the accuracy of a poll conducted with a
given sample size. To figure that out, we’re going to have to record the
prediction of each poll we take. We do that with a zeasure.

24) In the inspector, click on the Measures tab.

As yet no measures have been defined.

25) Click on <new> and type proportionOfYes for the measure’s name.

26) Double-click in the
formula cell in the
proportionOfYes row.

27) Enter the formula
proportion(vote = “yes”) as
shown at right.

. Inspect Sample of Yoters

Cases [easures Comments Display |

Attribute Yalue | Formula

proportion... proportion (v = "wes")

AREw

28) Rerandomize several times and observe the values for proportionOfYes.

Now we’re ready to perform the poll of 100 voters many times, each
time recording the proportion of voters that say they will vote in favor

of the proposition.
29) Close the Sample of Voters inspector. @
30) With the collection selected, choose [Measures from Sample of Yoters |

Collect Measures from the Analyze menu.

You should see a new collection, as shown above right. This
collection will contain the results of repeatedly conducting the poll.
Fathom has rerandomized the values in the source collection, each
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time calculating the measure, and storing that value as a case in the
measures collection. By default, it collects five measures.

31) Make a case table of the measures collection.

%% Inspect Measures from Sample of ...

Cas... |Mea... |Com... |Di3_._ Collect Measures

32) Double-click the measures
collection and click on the Collect
Measures tab.

[ Animstion on
33) Change the number in the [ Empty tis collesion first
measures field from 5 to 100. [ Re-colect measures when saurce changes
34) Click Collect More Measures. @ measures

. ) wrtil
Fathom rerandomizes the Sample of

Voters collection 100 times, each time

computing a value for proportionOfYes Collec More Messures |
and storing that value in a new case in
the measures collection.

Let’s take a look at the results.
35) Drag a new graph from the shelf to the document.
36) Click on the Cases tab in the measures collection inspector.

37) Drag the proportionOfYes attribute from the inspector to the x-axis of
the graph.

38) From the graph’s popup menu, change the graph from a dot plot
to a histogram.

Aﬂ example Of What you mlght get 1s |Measures from Sample of Yoters |Histogram

shown at right. 30
25
Here are two observations you might g 2
make about the histogram of S0
proportionOfYes. : —

o ) 035 045 055 085 075
e The distribution looks plausibly proportionCfves
normal. The central limit theorem
predicts that as sample size increases, the distribution of

proportions approaches normal, so we’re not too surprised.

e Itlooks like the mean of the sample proportions is about 0.5. Since
the probYes slider was set near 0.5, this bears out another prediction
of the central limit theorem—that the mean of the sample
proportions equals the population proportion.
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The spread of proportions that we get with a sample size of only 100 is
quite large. We certainly couldn’t accurately predict the results of a
close election! Just how large is this spread?

39) From the Insert menu, choose Summary Table.

40) Drag the proportionOfYes attribute from the measures collection into
the top row of the summary table.

41) Double-click in the formula row
where it says S1=mean() and replace |[measires irom Sample of voters |Summary Tabie
it with stdDev(). This will compute  ||& L
the standard deviation of the T stDev [ ] S
proportions gathered in the
measures collection.

Let’s try a larger sample size.

42) With the Sample of Voters collection selected, choose New Case(s) from
the Data menu. In the dialog box, ask for 300 new cases and click
OK. The collection will contain 400 cases altogether.

43) Bring back the Measures pane in the measures collection inspector.
Click the Collect Measures button to collect another 100 measures.

We expect that the larger the sample the smaller the variation in the
observed population proportion in favor of Prop A. But how nuch
smaller? What do you find for the standard deviation of sample
proportions with a sample size of 400? What do you think would be the
standard deviation if the sample size were 1000?

You now have a tool to use with the newspaper staff members. You
could sit down with them and try different sample sizes until you found
a sample size for which the variability is less than some desired number
of percentage points.

Ideas for Further Exploration

e When we actually conduct a poll, we do not know the true
proportion of the population. (After all, that’s why we’re doing the
poll.) Probability theory predicts that we can expect to capture the

true proportion in the range 4 [PA=P) where p is the proportion
n

found in the sample and n is the number in the sample. Model this
in Fathom and see how close your simulation comes to theory.
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We have set up this simulation to make it easy to change the
population proportion. With small sample sizes, population
proportions near the extremes, that is, near 0 or 1, are problematic.
Investigate why this might be so.
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Tour 7: Estimating Confidence
Using the Bootstrap

Suppose we have a simple random sample from a population and we
have measured something about the sample. What can we say about the
population? In this tour we look at some measurements of body
temperatures from 20 people as measured with two different kinds of
thermometers. It becomes clear that the two thermometers give
different measurements. With just these 20 measurements what can we
say about the difference between the two kinds of thermometers?

You Will Learn How to ...
o fit 2 median-median line.

e do repeated sampling to estimate confidence in a measurement.

Looking at the Data

1) Open the document Temperatures in the Learning Guide Starters folder
in the Sample Documents folder. Save, rename, and move this file.

This document contains its own documentation in a text object. It
states our problem well. But, before we tackle it, let’s look a bit at the
data.

% Fathom - [Temperatures.ftm] o] x]
File Edit Display = |nseit Data  Analyze  Window Help =] %]
[

@ Temperstures

For each of 20 people, body temperature

Hamne ‘ Gender Oral | Tymp= was measured in degrees Fahrenhett with
Temperatures 1 John male 959 985 an oral thermometer and also with a
bympanic (ear) thermometer. The two
2 Andrewy male 98 964 instrumerts typically give ditferent results
3 Sally female 1005 1.5 Howy much is the difference and what iz a
a Joarie tfemale 983 995 reasonable range of values for it?

5 [Kewin male ary 98 -
| 1 .

. | y
Cases: 20 Selected: 0 Filkered: 20 Attributes: 5 HUM 4

2) Make a scatter plot of Oral versus Tympanic. (See “Graphing Two
Numeric (Continuous) Attributes” on page 20, if you need
instructions on how to make scatter plots.)
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3) Fit a least-squares regression line through the data. (Choose Least-
Squares Line from the Graph menu.)

4) Fit a median-median line through the data. (Choose Median-Median
Line from the Graph menu.)

The two lines have somewhat different slope. The least-squares line
appears to be strongly influenced by the points in the upper right.

5) Drag one of the data points in the upper right and observe the
difference between the response of the least-squares line and the
response of the median-median line.

6) Use Undo to return the data point to its original values.

Measuring the Difference

The last column in the data table is difference, and it is defined
formulaically as Tympanic - Oral. Scanning through this column, we see
that all the differences are positive. We have no doubt that there 4s
a difference, but we need to estimate a range of values within which

it lies.
7) Make a histogram of the difference
. Temperatures Histogram -
attribute. I—B‘——I
This distribution is asymmetric with a tail § 4
to the right. ©2
M T T T T T
8) Wlth the graph Selected, ChOOSC Plot 0s 10 15 20 25
Value from the Graph menu. ditference

fean ¢ j =112

9) In the resulting formula edit window,  ogian ¢ 5 0.0

type mean() and close the window.
10) Repeat the previous two steps for the median.

As shown in the graph above, the mean and median for the difference
of temperatures are separated by about two-tenths of a degree. Since
the distribution of differences is skewed rather than symmetric, it
makes sense to report the median rather than the mean as our estimate
of the difference.

Estimating a Range for the Median

When we tell someone that the median difference in temperatures for
the two thermometers is 0.90 degrees, we also need to tell them a range
of values for the median that shows how certain or uncertain we are
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about it. There is a very general, powerful method, called the bootstrap,
that we can use to do this.

The idea is to create samples with replacement from our original
sample and the same size as our original sample. Using replacement, the
samples we create will, in general, be different from each other. The
variability we observe among such samples is a good estimate of the
variability that exists in the population.

In classical statistical methods, we typically make assumptions about the
population, e.g., that values in it are normally distributed and that their
standard deviation is approximately the same as the standard deviation
we observe in the sample. In the bootstrap, the only assumption we
make is that the sample values are representative of the population as a
whole.

11) Select the Temperatures collection and choose Sample Cases from the
Analyze menu.

You will get a new collection labeled Sample of
Temperatures. It contains ten cases chosen at random @

from the Temperatures collection. We need to increase [Sample of Temperatures |
the sample size.

12) With the sample collection
selected, choose Inspect Collection
from the Edit menu.

%% Inspect Sample of Temperatures

Cases |Measures |Comments |Display Sample

B Animation on [<] with replacement
13) Click the tab labeled Sample in the [ Empty this collectian first
upper right to bring the controls [] Collect new sample when source changes
i 20
for sampling to the front of the g cases

inspector.
14) Change the number of cases to
sample from 10 to 20. _Sample More Cases |
15) Click Sample More Cases.

We’ve set things up so the sample has

the same number of cases as the original collection. But because we’re
sampling with replacement, the particular cases that come into the sample
will vary; thus, the median will vary as well.

16) Choose Summary Table from the Insert menu.

17) Click the leftmost tab in the inspector to bring the Cases pane to
the front.
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18) Drag the difference attribute from the inspector to the column header
of the summary table.

19) Change the formula from mean() to

median() (double-click the formula to Sample of Temperatures |Summary Tabie
edit 1t> L = difference
05000
20) Press the Sample More Cases button in 51 = median )

the Sample pane of the inspector.

Notice that each time you press the Sample More Cases button you get a
new median for the difference attribute. It is this variability we would like
to study.

21) Choose the Measures tab in the Sample of Temperatures inspector.

22) Click <new> in the

O:: Inspect Sample of Temperatures : =
Measure column. Type _
. . Cases Measures Comments Dizplay Sample
MedianDifference (Enter)
Heasure Yalue | Formula |
to name the new
measure. medianDifference |02 meclian §differerce )
. . . R Lt
23) Double-click in its %

formula cell to bring
up the formula editor. Enter the formula median(difference).

The new attribute MedianDifference is a measure of the sampled collection.
We ask Fathom to collect this measure.

24) With the sample collection selected,
choose Collect Measures from the @
Analyze menu. [Meazures from Sample of Temperatures |

A third collection, labeled Measures from
Sample of Temperatures appears. It contains five cases whose values are the
medians of the differences in each of the five samples.

25) Double-click the measures collection to

A4 Inspect Measures from Sample of ...

bring up its inspector. Cas... | Mes...| Cam... |Dis... Collect Measures
26) Click on the Collect Measures tab of the E;:ihm »
inspector. ) 0 0 S0 S
27) Type 100 in the field for number of o -
measures.
28) Click Collect More Measures. _Collct More Measures |

After the 100 measures have been collected,
you can view them in a graph.

29) Drag a new graph from the shelf into the document.
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30) In the measures collection inspector, click on the Cases tab and
drag the MedianDifference attribute from the inspector to the x-axis of
the graph.

31) Use the popup menu in the graph to change the dot plot into a
histogram.

ThlS dlStI‘lbuUOl’l Of medlans Q.HOWS |Measures from Sample of Temperatures| Histogram

us to estimate the uncertainty in our =
measurement of the median differ- 218 —l_'_’_r
ence. We notice that this distribu- [ 1 —

04 06 05 10 12 14 16 158 20 22
medianDifference

tion—Ilike its parent, the distribution

of differences—is not even median () =0.80
: percentile ¢35, 73 =0.50
symmetric, let alone normal, so a percentile (25, 7) = 1.5

standard deviation will not be a

particularly useful measure of spread. Instead, as shown above, we plot
the median, the percentile at 5 and the percentile at 95. Ninety percent
of the sample medians lie between these two percentiles, that is,
between 0.5 and 1.6. We can say that this is a plausible interval for the
median of the population.

Statistics has a precise language for describing estimation on population
parameters. The bootstrapping method used here does not map exactly
onto methods used to compute confidence intervals, so we are not free
to report the interval we found as a 90% confidence interval.

Ideas for Further Exploration

e  Use the techniques developed here to estimate the uncertainty in
the mean of the difference.

e The distribution of median differences does not appear to be
normal, or even symmetric. This means that our measured value of
0.8 does not lie at the center of our interval that contains 90% of
the medians. Using the bootstrap technique on the median for
other attributes in other collections, determine whether this
asymmetry is typical or not.
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Tour 8: Testing a Hypothesis

Charles Darwin believed that there were hereditary advantages in
having two sexes in both the plant and animal kingdoms. Some time
after he wrote Origin of Species, he performed an experiment in his
garden at Down House in Kent. He raised two large beds of
snapdragons, one from cross-pollinated seeds, the other from self-
pollinated seeds. He observed, “To my surprise, the crossed plants
when fully grown were plainly taller and more vigorous than the self-
fertilized ones.” This led him to another, more time-consuming
experiment in which he raised pairs of plants, one of each type, in the
same pot and measured the differences in their heights. He had a rather
small sample and was not sure that he could safely conclude that the
mean of the differences was greater than zero. His data for these plants
were used by statistical pioneer R. A. Fisher to illustrate the use of a
I-test.

You Will Learn How to ...

e perform a #test for the mean.

e generate simulated data from a normal distribution.
e geta distribution for the #statistic.

® use a text object to document your investigation.

Looking at Darwin’s Data
1) Open the file Darwin in the

Learning Guide Starters folder in & rEen
the Sample Documents foldef. DarwinFertiizationExperimert ’_3 T
S gi
This document contains the data e — %

HeightDi...| -} Rl RERERER
49 -80 -40 ] 40 a0
HeightDifferences

for the experiment described
above: one attribute, fifteen cases.

2) Make a case table, a
histogram, and a summary
table similar to those shown —
here. gy o] ol

Si=court | )

16 DarwinFertilizationExperiment |Summary Table|
i ences

23 2093
3774
15

JER R RV I . S ) N
@

We see that most of the
measurements are greater than zero, meaning that the cross-pollinated
plants grew bigger. But two of the measurements are less than zero.
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Darwin did not feel justified in tossing out these two values and was
faced with a very real statistical question.

Formulating a Hypothesis

Darwin’s theory—that cross-pollination produced bigger plants than
self-pollination—predicts that, on the average, the difference between
the two heights should be greater than zero. On the other hand, it
might be that his fifteen pairs of plants have a mean difference as great
as they do—21 eighths of an inch—merely by chance. You can write
out these two hypotheses in Fathom, to be stored with your document.

3) From the shelf, drag a text

ObjCCt into the document. MUl Hypothesis: The true mean difference betwesn
. . the heights of the plants is zera. The observed,
4) Write the null hypOtheSIS positive mean is due to chance alone.

and the alternative
hypothesis. At right you
can see one way to phrase
them.

Alternative Hypothesizs: The true mean difference is
greater than zero.

Deciding on a Test Statistic

Not a statistician, Darwin decided to ask the advice of his cousin,
Francis Galton, an eminent statistician, who told him that there was
currently no very good theory to deal with a small sample from a
population whose standard deviation is not known. In fact, it was not
until some years later when William Gosset, an employee of the
Guinness Brewing Company and a student of Karl Pearson, developed
a statistic and its distribution. Gosset published his result under the
pseudonym Student and the statistic became known as Student’s #
When the null hypothesis is that the mean is zero, the £statistic is just

X where X is the observed mean, sis the sample standard
deviation, and # is the number of observations.
s//n ’

Let’s compute this statistic for Darwin’s data.
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You can also drag a
test object from the
shelf (the balance

icon).

In statistics
terminology, we want
this to be a one-tailed
rather than a two-
tailed test.

o The editable numbers are

5) From the Analyze menu,
choose Test Hypothesis.

An empty test appears.

6) From the popup menu in the
upper right, choose Test Mean.

As shown at right, the Test Mean
test assumes that you are going to
type in summary statistics. The
blue text is editable. This is very
useful when you don’t have raw
data.

7) Tty editing the blue text. You
can, for example, enter the
summary statistics for
Darwin’s data.

Here are some things to notice.

®  When you change something
in one part of the test, it may
affect other parts. For
example, editing the
<AttributeName> field in the first

Guided Tour 8

Analysis of Variance
Compare Means
Compare Proportions

From Surmmary Statistics |« Empty Test

Use this ob ject to test hyp Goodness of Fit

Test Correlation
Test Mean

Choose the kind of statisti
want to perform from the

Test Proportion

For rn=t tacts wain ran an Test Slane

From Surnmaty Statistics | [ Test Mean w

Attribute (continuous): <unassigned:

Attribute : <AttributeName>

Samnple count: 20

Sample mean: 0.3

Standard dewiation: 1

Standard error: 0.223607

Alternative hypothesis: The population rean
of <AttributeName> iz not equal to O

The test statistic, Student's t, iz 2 236
There are 19 degrees of freedom [one less
than the sample sizel.

If it were true that the population mean of
<AttributeMame> were equal to D (the
null hypathesis), and the zampling process
were performed repeatedly , the probability
of getting a value for Student’'s t with an
absolute value this great or greater

would be DUDEE.

line also changes it in the hypothesis line and the last paragraph.

e In the hypothesis line, clicking on the is not
equal to phrase brings up a popup menu
from which you can choose one of three
options. For Darwin’s experiment, we want

is not emalta 1l
is less than

iz hot equal to

stian is
ane le

the third option because his hypothesis is
that the true mean difference is greater than zero. Notice that
making this change alters the phrasing of the last line of the test as

well.

determined by formula.
When you click them, you

is greater than 02

uation is 2.2477.

k Change farmula i

get a popup menu as shown at right. Choose the one available
option and you get a formula editor. You can type a number or a
formula here. This is particularly useful when you want to be able
to change the test mean with a slider.
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You can matke a new
attribute by clicking
the <new> column
header in the case

table.

The shorteut for
rerandomiging is
Ctrl-Y (Win) 38-Y
(Ma).
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Checking Assumptions

Gosset’s work with the #statistic relied on an assumption about the
population from which measurements would be drawn, namely, that
the values in the population are normally distributed. Are we
comfortable with this assumption for Darwin’s data?

In the assumption’s favor is experience with height measurements of
other living things, both plants and animals. These are usually normally
distributed, and so are differences between heights. But we might
worty, because the two negative values give a decidedly skewed
appearance to the distribution.

Fathom can help by allowing us to determine qualitatively whether this
amount of skew is unusual or not. We’ll generate measurements
randomly from a normal distribution and compare the results with the
original data.

8) Make a new attribute in the collection. Call it SimHeight for simulated
height.

9) Select the name of the new attribute in the case table.
10) Choose Edit Formula from the Edit menu to bring up a formula editor.
11) Enter the formula shown here.

randomrormal ¢ mean (HeightDifferences), sidDev (HeightDifferences) )

This formula tells Fathom to generate random numbers from a normal
distribution whose mean and standard deviation are the same as in our
original data. We want to compare the distribution of these simulated
heights with the distribution of the original data.

12) Make a histogram of this attribute.

One set of simulated data doesn’t tell the whole story. We need to look
at a bunch.

13) With the graph selected, choose Rerandomize from the Analyze menu.

Each time you rerandomize, you get a new set of 15 values from a
population with the same mean and standard deviation as the original
15 measurements.

The leftmost histogram is of the original measurements. Next to it are
three of the histograms you might get from the simulated heights.
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-80 -40 0 40 80
HeightDifferences

a0 Hﬂmﬂmﬂﬂm il

-80 -40
SimHeight

-850 40 0
SirmHeight

-B0 40 0 40 8O
SimHeight

A bit of subjectivity is called for here. Does it appear that the original
distribution is very unusual or does it fit in with the simulated

distributions?

Testing the Hypothesis

Once we have decided that the assumption of normality is met, we can
go on to determine whether the #statistic for Darwin’s data is large
enough to allow us to reject the null hypothesis.

In a previous section, we typed the summary values into the test as
though we didn’t have the raw data. But we are in the fortunate
position of having the raw data, so we can ask Fathom to figure out all

the statistics using that data.

14) Drag the HeightDifferences
attribute from the column
header of the case table to
the top panel of the test
where it says Attribute to test is
unassigned.

15) If the hypothesis line does
not already say is greater than,
then select it from the popup
menu.

The last paragraph of the test
describes the results. If the null
hypothesis were true and the
experiment were performed
repeatedly, the probability of
getting a value for Student’s 7 this

Test of DarwinFertilizationExper Test Mean w

attribute Ccontinuous): HeightDifferences

attribute : HeightDifferences

Sample count: 13

Sample rean: 20 93335

Standard deviation: 7. 7444

Standard error: 974356

Alternative hypothezis: The population mean
of HeightDifferences iz greater than 0O

The test statistic, Student's 1, iz 2.148.
There are 14 degrees of freedom (one less
than the sample size).

If it were true that the population mean of
HeightDifferences were equal to O (the
null hyypathesis), and the zampling process
were performed repeatedly , the probability
of getting a value for Student’s t this great
or greater would be D025,

great or greater would be 0.025. This is a pretty low P-value, so we can
safely reject the null hypothesis and, with Darwin, pursue the theory
that cross-pollination increases a plant’s height compared to self-

pollination.
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You may want to
iconify the tables to
free up some space.

[> TestMean = 5.00000

B~ Functions
El Global Values

-- Special E
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Looking at the t-Distribution

It is helpful to be able to visualize -
|DarWinFertiIizationExperimerrt | Function Plat e
the P-value as an area under a

R =
distribution. w04
a1}
16) With the test selected, choose 20'3
Show Test Statistic Distribution =02
from the Test menu. S04
The curve shows the probability oo . | . .
density for the #statistic with 14 -4 -2 a 2 4

Student's

degrees of freedom. The shaded TR T

area shows the portion of the area

under the curve to the right of the test statistic for Darwin’s data.
We’ve set this up as a one-tailed test; we’re only interested in the mean
difference being greater than zero. Other times we want to know if a
given mean is different from zero. This is a two-tailed test. You can
change the test to a two-tailed test using the popup menu to change is
greater than to is not equal to. If you do this, you will see a shaded region on
both the positive and negative ends of the plot. The total area under the
curve is one, so the area of the shaded portion corresponds to the P-
value for a two-tailed test.

Let’s investigate how the P-value depends on the test mean, currently
set to zero.

17) Drag a slider from the shelf into the document.
18) Edit the name of the slider to TestMean.

19) Select the histogram of original data and choose Plot Value from the
Graph menu.

20) In the formula editor, type the name of the slider (or choose it
from the Global Values section of the list to the right of the keypad).

You should see a vertical line in the histogram corresponding to the
value of the slider.

21) Click the 0 in the statement of the hypothesis in the test. Choose
Change formula for value from the reater than 0l 1

Change formula for value...

popup menu. -

22) In the formula editor enter TestMean
just as you did for the plotted value.
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DatwinFertilizationEx:periment Histogramm

Test of DarwinFertilizationExperiment | Test Mean w

3 Attribute (continuous): HeightDifferences
2
Attribute : HeightDifferences
1 Sample count: 13
|_| |_| |_| Samnple rean: 209333

T T Standard deviation: 37_ 7444
80 -60 —40 -20 0 20 40 &0 30 100 Standard error: 9.74956

HeightDifferences Alternative hypothesis: The population mean of
HeightDifferences is not equal to 5

Count

Test of DarwinFertilizationExperiment |Function Plat = The test statistic, Student's t, is 1 635, There are 14
degrees of freedorn (one lesz than the sample size).

04
If it were true that the population mean of
0z HeightDifferences were equal to 5 (the null

B hypothesis), and the sampling process were performed
0z repeatedly, the probability of getting a walue for
a1 Student’zs t with an absolute value this great or
oo T T T T T |> TestMean =3.00
-4 -2 u] 2 4
x =

= v = tDensity (x df) T T T T T T T

Now the value of the null hypothesis mean in the test, and the shaded
area under the ~distribution, change to reflect the new hypothesis.

23) Drag the slider slowly and observe the changes that take place.

For what value of the slider is half the area under the curve shaded?
Why does the area under the curve decrease as the value of the slider
increases?
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Tour 9: Pets and Sports—
Testing for Independence

A survey of 325 middle school students! from a city school district
asks, among other things, for their gender, whether they prefer cats or
dogs, and whether they prefer basketball or football. With this data we
can investigate whether in this city girls are different in their preference
of cats over dogs, whether gender matters in terms of favorite sport,
and whether there is a relationship between favorite pet and favorite
sport.

This tour is not for the faint of heart; it’s a marathon. We’ll be
combining classical statistical inference techniques with a computer-
intensive method called serambling. We’ll assume that you are familiar
with the basic techniques of using Fathom.

You Will Learn How to ...

® use a ribbon chart to judge differences between groups.
e use a summary table to compute expected values.

e perform a chi-square test for independence.

® use scrambling to simulate the null hypothesis of independence.

A Graphical Analysis Using a Ribbon Chart

1) Open the ﬁle PetSpansurvey PetSportSurvey
PetSportSurvey in the o 3 sox | pet | spont [
. g 1 |boy dog basketball

GUIded Tour Starters dug+b kethall cat+fnntball \:at+b kethall 2 bay cat toothall
folder in the Sample ﬁ 3 [bor  jod oostelbl
all dog+basketbal dogH al 4 |hoy dog facthall
Documents folder ﬁe{b ll - ciog: h kethall o gﬁe{b ll = .
. oy dog basketball
6 irl = baskethall
Look at the twelve "”“‘ﬁma“ “°g"f“ba" - o
. = B | S." - 1 0
cases that appearin =~ Ly L

the open collection.

You can see that just by staring at a small number of the 325 cases
in the sample, it’s impossible to make any valid predictions about
what trends there might be in the whole population.

! This tour uses data collected by the Annenberg Foundation. Unfortunately,
as the data were collected on a Web survey, it is far from a random selection.
Please bear with the fiction.
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Dropping an
attribute on the arrow
adds it to that
portion of the table.
Dropping it on top of
an existing attribute
replaces what is there.
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We'll concentrate on the question of whether there is any relationship
between a student’s sex and his or her pet preference.

2) Make a graph and drag the Sex attribute to [Fetsporsurvey | [Fiben chart =

the x-axis.

3) Change the resulting bar chart to a ribbon :-

chart by choosing Ribbon Chart from the

raph’s popup menu. 20% 40% B0% B80% 1008
g p p p p oy oirl

You can see from the ribbon chart that
there are approximately even numbers of
boys and gitls in the sample.

Sex

4) Now drag the Pet attribute to the mzddle of | FETETS
o dr s e

You should see that each rectangle of the m

ribbon chart is now divided into two

20%  40% B0%  80% 100%

regions, one for each kind of pet. The hoy girl
height of the dog portion is higher for boys sex
than it is for gitls. This translates to “A Heat Hdog

greater proportion of boys than girls prefers
dogs over cats.”

The Summary Table—Computing Proportions

A ribbon chart does a good job of displaying differences in
proportions. But if we want to know the computed values, we need a
tabular display—a summary table.

5) Drag a summary table from the tool shelf into the document.

6) Drag the Sexattribute to the column P etopariSurvay [Eummary Tk
header of the empty summary table. Sex
. : Ry
(You can drop the aﬁtrll.)ute either I boy | girl | < mmery
on the gray, right-pointing arrow or cat |51 (63 120
. Pet
in the empty column header cell.) dog 110 |85 |205

7) Drag the Pet attribute to the row Calumn Summary/1g1 |164 325

header of the table. 51 = count )

A summary table into which you have dropped nominal attributes
shows, by default, the number of cases in each cell defined by the
categories of the attributes. We’re not interested in the counts as
much as we are the proportions.
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columnProportion is a
special keyword that
applies only to
Sformmulas for a
summary table. If
_you oriented your
table the other
direction, you wonld
want o use
rowProportion.

The heart of
statistical inference is
determining whether
an observed difference
is due to random
variation or an actual
difference in the
population.
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8) Double-click the formula underneath the table to

o far value

bring up the formula editor. pR——
9) Replace count() with columnProportion. Click OK in the

formula editor. 7l al al &1 =

You should see Fhe computed PotporSureay ]| Summary Table

column proportions for each cell. Sex o

The number 0.3168 in the cell for al boy | git |summery
cat |0.3165 |04207 |0.3692

boys who prefer cats means that L s Py iy i

about 32% of bOyS prefer cats to Column Summary|q 1 1
dogs. Similatly about 68% of boys 1 = columnProportion

prefer dogs to cats, whereas about

58% of girls prefer dogs to cats.

The Null Hypothesis and Choosing a Test Statistic

Now we’re getting to the really interesting subject of statistical
inference. Before moving on with Fathom, a bit of discussion about
how inference works may be helpful.

The difference of proportions, 68% — 58% or 10%, is fairly small.
Perhaps it is due to chance. Just how likely is it that a random sample
would have a difference of proportions this large if zhere were actnally no
difference in pet preferences between boys and girls ¢

The assumption that gender is unrelated to pet preference is the nu//
hypothesis in this situation. Another way to phrase our question is, If the
null hypothesis were true, what is the probability of getting a difference
of proportions of 10% or greater. (We have to add the “or greater”
because a greater difference is even stronger evidence in favor of there
being a relationship between sex and pet preference.)

The difference of proportions is an example of a fest statistic. Using
simulation and techniques similar to those used in Tour 6, we could
determine the probability of getting the observed difference of 10%.
For the purposes of this tour, we’re going to use a closely related test
statistic that is commonly used for testing whether a relationship exists
between two nominal attributes. It is called the chi-square statistic.
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The fractional boys
and girls may seem
strange. But it’s okay
as long as we keep it

hypothetical.

As with
rowProportion,
columnTotal, rowTotal,
and grandTotal are all
functions you can use
only when writing a
Sformula for a

summary table.
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Expected Versus Observed

The chi-square statistic is based [Fetspor vy
A . etSportSurvey

on the notion that if there were

no difference between girls and |

boys, then the proportion of each : : : : .

that prefers dogs should be the 2'3'3y 0% 60% gi‘i?% 1003

same as the overall proportion of

kids that prefer dogs; i.e., about Pet

63%. For this hypothetical st B

sample, we would get a ribbon

chart like the one at right.

Ribbon Chart -

Now that we know the expected proportion of boys that prefer dogs,
we can compute an expected #umber. 1t is just the expected proportion
times the number of boys. Since there are 161 boys, that’s 0.63 X 161 or
101.6 boys. Similarly for the gitls, we have 63% of 164 girls or 60.6.

Let’s put these numbers into the summary table.
10) Double-click the 81 formula under the table.

10w Tkl
11) In the formula editor, type the formula shown mhnmﬂtrhlm
at right. s
12) Click OK.

You should see the expected values computed in each cell. Because
this is such a common computation, Fathom has a shortcut for it.

13) Double-click the §1 formula again and substitute the single word
expected for the more complicated expression.
You should get the same results when you click OK.
The term expected, or expected value, has a very general meaning in
statistics. Here, in Fathom, we’re applying it to the very particular

situation of a chi-square test where the null hypothesis is that the row
and column attributes are independent.

Now we want to compare the expected values with the observed
values.

Fathom Learning Guide
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14) With the summary table selected,

PetSportSurvey | Summary Table
choose Add Formula from the Summary Sex o
menu. i bay | gl | summary
. cat 5945 (8055 (120
15) Type the formula count() into the 51 e |120
. . Pet
formula editor and click OK. dog |1016 [1034 |205
110 a5 205
Your summary table should look Column Summary g1 164|325
similar to the one shown here. 181|184 325
51 = expected
S2=court [ )

Computing the Chi-Square
Statistic

There are many different statistics we could invent using the observed
and expected values. We’re going to use one for which statisticians have
figured out how to compute a distribution without having to resort to
simulation—the chi-square statistic. It’s based, as you might imagine,
on the difference between the observed and the expected values.

16) Add the formula shown at right to the a
summary table. [ oot ) — expered )

The chi-square statistic is simply the sum enrpeend]

of these numbers you just computed.

(They correspond to the formula labeled 3 in the summary table.) In
order to calculate the sum of these values in Fathom, we have to collect
them.

17) With the summary table selected, choose Collect Measures from the
Analyze menu.

You should see a new
collection labeled @
Measures from [Measures from PetSportSurvey Table |
PetSportSurvey Table. Measures from PetSportSurvey Table |
Pet | Sex | s1 | s2 | sz X
18) Make a case table for 1 |cat hay 504462 |51 120004
the new collection. 2 |oat girl B0.5538 |69 1 17508
3 |dog by 101554 110 0.70246
Each case in this new 4 |dog i 103448 |05 063961
collection corresponds toa | | o

single cell in the summary
table—four cells and four cases. Each of the three formulas in the
summary table corresponds to one attribute in the measures collection.
We’re interested in the sum of the values for S3.
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If you kenow all the
row totals and
colummn totals, degrees
of freedom is the
number of cell counts
you conld fill in before
all the rest were
determined for yon.
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19) Bring up an inspector for the
new collection and define a
measure for it as shown at
right. This number is the chi-
square statistic.

O: Inspect Measures from PetSport5... B

Cazes Measures Corments Display

Measure Yalue Formula |

chiSquare |Z.7701% UL (83 )

“

We now have our statistic, but
we do not yet know how likely it
would be to get a chi-square value this big or bigger by chance alone.
But the advantage of using a well-studied statistic is that Fathom can
easily compute this probability for us.

20) Detine a second measure,
pValue, for this collection.
Make its formula as shown at
right.

1 = chifguareCummlatye | chilquae, 1

ChiSquareCumulative is a function built in to Fathom. It takes two
arguments: the first is the value of chi-square that you have computed
(the first measure you made); the second is the number of degrees of
freedom: available, in this case, one. The function computes the
probability of getting that value of chi-square or /ess. Since we’re
interested in or greater, we subtract the function’s value from one.

Your inspector should look
similar to the one shown here.
The probability of getting a
chi-square statistic greater than
or equal to 3.77, under the
assumption of the null p¥alue 00521737 | 1 = chiS quareCunu

hypothesis, is 0.052. e i

O Inspect Measures from PetSportSury_.. © B

Cases Measures ;Eomments Display

HMeasure Yalue Formula

chiSquare |Z.7701% s (33)

What are we to make of this

result? We can say that if there were no difference between boys’ and
girls’ pet preferences, and if we repeated the random sampling many
times, we would get a result this extreme or more extreme about 1 time
in 20. For many situations, especially in the social sciences, this level of
probability is persuasive enough to say that we have probably found
something. But in other situations, especially in medical research, we
would not be able to say we had found something because the
consequences of being wrong would be too great.
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You may want to
hide or delete objects
to free up some space.
Keep the source
collection and its case
table.

Analysis of Variance
Compare Means
Compare Proportions
v Empty Test
Goodness of Fit
Test Correlation
Test Mean
Test Proportion
Test Slope
ij Testfor Independence

PetSportSurvey

eﬁor indeeendenc

First sttribute: Sex
Second attribute: <Se

Fathom Learning Guide

Guided Tour 9

Test for Independence—The Simple Way

If you’ve followed along this far, you may be thinking that that was an
awful lot of work to accomplish what is a fairly routine calculation.
You’re right; and Fathom has the ability to do this computation quickly
and simply. Here’s how.

21) Choose Test Hypothesis from the Analyze menu.

You get an empty test. You choose what kind of test you want to
do from the popup menu of the analysis.

22) Choose TeSt for Independence from From Sumrmaty Statistics Test for Independence w

the popup menu. First attribute (cateqorical): <unassigned:

Second attribute (categorical): <unassigned>

The analysis is waiting for you [Seconditirbutes
to assign two nominal attributes <FirstAttributez |0

to it. First attribute : <FirstAttribute>
Murnber of categories: O
Second atiribute: <SecondAttribute>

The analysis shows #ERROR# for the Nurmber of citeqor es: 0

Alternative hypothesis: There is an association between

chi_square statistics and P_Value <FirstAttribute> and <SecondAttribute>
because Fathom doesn’t yet have The test statistic, chi-square, is #ERROR®. .There are
0 degrees of freedom (the number of Fows minus one
informatioﬂ to Compute them times the number of calumns minus anel.
If it were true that <FirstAttribute> were
23) From the PetSportSurvey independent of <SecondAttribute> (the rull

hypothesis), and the sampling process were performed

COHCCtiOﬂ, drag Sex and then Pet repeatedly, the probability of getting a walus for
. chi-square this great or greater would be *ERROR* .
to the top portion of the

analysis.

Sometimes you don’t need to have a full explanation of how the

inference works.

24) Choose Verbose from the Test menu to turn off verbose mode and
see a more compact version of the test.
You should see, as shown below, the results of a chi-square test.
The value of chi-square and its P-value are both given. They should
be the same as the values you computed in the previous section.
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Test of PetSportSul Test for Independence wr

Firzt attribute (cateqoricall: Sex

Second attribute (oategaricall: Pet

5
52 Flow

boy | girl | Summary

cat |51 &9 120

dog |110 |95 205
Colurnn Surmmary 161 |184 |Z2s

Pet

First attribute: Sex
Humber of categories: 2
Second attribute: Pet

Mumber of categories: 2
Ho: Sex iz independent of Pet
Chi-square: 3.77
OF : 1
F—walues: a.a52

A Graph of the Chi-Square Distribution

It’s helpful to see where the computed chi-square statistic for this
sample lies in the distribution of chi-square values that would result
when the null hypothesis is satistied.

25) With the test object selected, choose  [petspartsurvey Funcion Pict w

Show Test Statistic Distribution from the 038
Test menu. PRI
The graph you get should be similar 5222
to the one shown at right. The £ e
shaded area under the right portion 20
of the curve corresponds to the P- s
value for the observed chi-square 0.00
statistic. D 2 4 6 8 1012 14 18

chi-sguare

+— chiSguareDensity [x  df

Simulating the Null Hypothesis

With Fathom we can simulate conditions under which the null
hypothesis /s true and repeatedly perform the sampling and
computation of a chi-square statistic. While this does not tell us
anything more about the particular experiment, it does shed light on the
process of statistical inference.
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Scrambled PetSportSurve:

The keyboard
shorteut for this is
Ctrl-Y (Win) 38-Y
(Mac).

Fathom Learning Guide

The null hypothesis
states that there is 70
relationship between
the two attributes Sex
and Pet. What if we
wete to take all the
values for the
attribute Sex and
scramble them so

Guided Tour 9

PetSportSurvey Scrambled PetSportSurvey
Sex | Pet |£ Sex |
1 oy clog 1 by dog
2 hay cat 2 girl cat
3 hoy cat :> 3 oitl cat
4 |boy dog 4  |boy dog
5 |hoy dog 5 |airl oy
b itl cat [} boy cat
] T |boy clog _'J I ¥ |airn . dog

.

that boy and girl got reassigned randomly to each case? Any relationship
that might exist between the two attributes would be wiped out by the
scrambling. Any remaining relationship would have to be due to chance

alone.

26) Select the PetSportSurvey collection.

27) Choose Scramble Attribute Values from the Analyze menu.

A new collection should appear labeled Scrambled PetSportSurvey.

28) Make a case table for the new collection.

By default, Fathom scrambles the

first attribute in the collection.

That works well here, but in
other situations you may need to
scramble a different attribute. To

do so, bring up the scrambled

collection’s inspector and look in

the Scramble pane for a popup

menu that gives you a choice of
attributes to scramble.

29) With the scrambled collection

selected, choose Scramble Attribute
Values Again from the Analyze menu.

O Inspect Scrambled PetSportSurvey B

Sex

Cases Measures Commentz Display Scramble

I:‘ Callect new sample when source changes

Scramble Attribute Yalues Again |

X

You should see the values in the Sex column of the case table
change each time you scramble again.

30) Make a ribbon chart, just as you did on page 76.

As you scramble, you can see the variation in the relative
proportions. This variation is due solely to chance.

31) Make a new analysis for doing a test for independence. This time,
drop attributes from the scrambled collection into it.
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Each time you scramble again, the chi-square statistic and the
P-value are recomputed. Because we’re simulating the conditions of
the null hypothesis, the chi-square values will not be very large and
the P-values will not be very small.

Now we want to collect many chi-square values from the scrambled
collection. We will build up a distribution of these values and see what
shape it has.

32) Select the test object and choose Collect Measures from the Analyze
menu.

Fathom will scramble the scrambled collection five times, each
time collecting values computed by the test for independence and
putting them in a new collection, labeled Measures from Scrambled
PetSportSurvey.

33) Make a case table for the measures collection. Your screen should
look similar to that shown on the next page. (We’ve chosen the
Verbose command in the Test menu to make the output of the test
shorter than it is by default.)

Test of Scrambled |Test for Independence W |Measures from Test of Sorambled PetSportSurvey |
First attribute (categorical): Sex chiSquar.._| pY¥alue |numCate_ | numCat:
@ Second attribute (categorical): Pet 1 Q627646 | 0.42822 2 2
PetSportSurye: Sex Row 2 163017 0.201e2 2 2
boy | girl | Sumrmary 3 |zz7o0e (0421895 (2 2
o cat |54 [&s 120 4 |163017 |oz0es (2 2
@ dog 107 |98 205 5 |15e7s6  |o.ziosel |z 2
Colurnn Surnrmary 1861 |1g4 225
Serarnbled PetSportSurve First attribute: Sex
Humber of categories: 2
Second attribute: Pet
MHumber of categories: 2
Ho: Sex is independent of Pet
Chi-square! 1.9568
OF: 1
F-value: 8.21 Measures from Test of Seramnbled PetSportSurvey

The two important columns in the table to look at are pValue and
chiSquareValue.

34) Make a histogram of each of the attributes, pValue and chiSquareValue.
Your histogram won’t look like much yet because you have only

collected the results of five scrambles. You need some more.

35) Double-click the measures collection and bring its Collect Measures
pane to the front as shown below.
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Collecting 95
measures may take a
while. A progress bar
will give you an idea
of how long you will

need to wait.

Fathom Learning Guide

36) Uncheck both the Animation On

option and the Empty this collection

first option.

37) Specity that you want 95 measures
instead of 5.

38) Click the Collect More Measures
button.

When the collection process
completes, you should have 100
P-values and 100 chi-square

Guided Tour 9

Cas... |Mea...|Com... |Dis_._ Collect Measures
D Animation on
[ Empty this collection first

|:| Re-collect measures when source changes

() messLres
1 until
Collect ore Measures I

statistics.

What do these histograms tell us? We see
that chi-square statistics as high as the one
we got for the original sample, 3.77, don’t
occur very often. But they do occur; in
fact, they occur about 5% of the time,
corresponding to the P-value we
computed for the original sample.

Secondly, the shape of the chi-square
histogram markedly resembles the plotted
chi-square distribution you made in Step
25 on page 82. That makes sense—one is
from theory and the other is from
simulation, but they should show the same
thing,

Thirdly, the distribution of P-values is spre

Measures from Scrambled Pet Histogram =

o 2 4 6 & 10 12 14
chiSguare'slue

|Measures from Scrambled Pets|Histogram

alll |

00 02 04 06 08 10 12
pYalue

20
16
1

Count
L]

= om

ad over the interval from

zero to one. Select the lowest bar in the pValue histogram and notice that
the highest bars in the chi-square histogram are selected. By selecting
only those P-values less than or equal to 0.05, you can read off an
approximation for the so-called ¢ritical value for chi-square in the chi-

square plot.

Ideas for Further Exploration

e Consider the other two pairs of attributes possible: Sex versus Sport

and Pet versus Sport. Would you expect
independence than Sex versus Pet? Loo

them to show more or less
k at the corresponding

ribbon charts. Do the observed differences in proportions look
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significant? Perform a chi-square test on each of these pairs.
Explain why one result is so much more significant than the other.

Invent your own test statistic that is a measure of independence
between two nominal attributes. Use the scrambling technique to
find a distribution of that measure under the conditions of the null
hypothesis.

Investigate the distribution of chi-square using a simulation in
which the null hypothesis is 7o true. You can do this by creating a
collection with randomly generated values for two attributes into
which you build a dependency of one attribute’s values on the
other.

Fathom Learning Guide
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Index

A

accidents
traffic, 33-39
air bags, 39
Analyze menu
Collect Measures, 56, 64, 79, 84
Sample Cases, 63
Scramble Attribute Values, 83
Scramble Attribute Values Again,
83
Test Hypothesis, 69, 81
animation
turning off, 85
Apply button, 8
arrow keys
for formula editing, 43
assumptions
in hypothesis testing, 70
attributes
adding, 42, 47, 55
adding to summary table, 19
continuous versus categorical, 5, 6
creating, 25
creating a formula for, 42, 47, 55
described, 5
dragging to graph, 18
dragging to summary table, 22, 38,
76
dragging to test object, 71
in formulas, 35
manipulating, 6
removing from a graph, 22
replacing in a graph, 22
testing for independence, 75-86
viewing, 6, 17, 34
axes
rescaling, 22

B

bar charts, 35, 55
best fit

criterion for, 28
Beverly Hills, 15-23
bins

in histograms, 19

bootstrap, 61-65
borders
of active objects, 12

C

captions
for cases, 30, 34
case tables, 5
described, 6
editing formulas, 42, 47
inserting, 17, 25
moving to next cell, 26
caselndex, 48, 49
cases
adding, 48, 51, 54
captions for, 29
described, 5
icons for, 16
inspecting, 22
pane for, 57
viewing in collection, 75
categorical attributes, 5
for splitting a histogram, 20
census data, 15-23
central limit theorem, 57
chance, 83
Change formula for value, 72
chaos
logistic, 51-52
chi-square distribution
plotting, 82
chi-square statistic, 77
computing, 79
ChiSquareCumulative, 80
Collect Measures, 56
pane for, 57, 64
Collect More Measutres, 64
collections, 5
adding cases, 48, 54
adding filter to, 35
changing captions in, 29
comments for, 17
detived, 9, 53-59, 61-73, 75-86
filtered cases, 36
iconifying, 34
inspecting, 17
locking, 27
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of measures, 9, 64

of scrambled values, 84

reasons for, 5

renaming, 26, 54

sample, 9
column totals, 38
columnProportion, 23

in summary table, 77
columns

resizing, 26
columnTotal, 23, 78
comments

for collections, 17
condition

in if statement, 49

random, 55

confidence intervals, 53-59, 61-65

Connecticut traffic data, 33—-39
continuous attributes, 5

scatter plot from, 20
correlation, 25-31
counting

cases in a group, 19
critical value, 85

D

data
entering, 25-26
exploring, 15-23
filters for, 35-36
importing into Fathom, 13
where it resides, 5
Data in Depth, 1
Data menu
Add Filter, 35
Lock Collection, 27
New Attribute, 42
Rerandomize, 70
degrees of freedom, 80
deleting objects, 21
densities, 41
difference
of two attributes, 62
Display menu
Use as Caption, 30
View in Window, 34
distributions
comparing, 20

for proportions, 57

random generation of, 70

skew, 62
documents, 5

locked, 16

making empty, 25

new, 47

opening, 13, 15

saving, 16
dot plots, 18, 43
dragging

in graph, 27

slider thumb, 44
drivers, 39

Index

Dynamic Statistics™ software, 27

E

Earth

volume of, 43
Edit Formula, 47
Edit menu

Inspect Collection, 63
entering data

in case table, 17
equilibrium, 52
estimation, 53-59, 61-65
expected values, 78

compared with observed, 78
exponents, 42, 44

F

Fatal Accident Reporting System, 33

Fathom
importance of dragging, 27
installation, 11
principles of, 49
structure of, 1
system requirements, 11
Web site, 1
Fibonacci numbers, 48—51
File menu
Import from File, 13
New, 25, 47
Open, 13
files
location of, 2
filters, 52
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add/remove, 35

for collection, 35-36
Fisher, R. A., 67
fitting

lines to data, 27
formula editor

closing, 43

described, 7
formulas, 4145

coloring in, 43

described, 7

editing, 8, 35, 42, 44, 49, 55

for filter, 35

for test values, 69, 72

in summary table, 38

using attributes, 35
fractions

in formulas, 42, 50
functions, 41-45

in graphs, 7

overview of, 7

recursive, 45-52

G

Galton, Francis, 68

global values, 72

gold balls, 16, 34

golden ratio, 49

Gosset, William, 68

grandTotal, 78

Graph menu
Least-Squares Line, 28, 45, 62
Make Residual Plot, 29
Median-Median Line, 62
Movable Line, 27
Plot Function, 44
Plot Value, 62
removing attributes, 22
Show Squares, 28
Stack Dots, 18

graphs, 5
adding lines, 22
bar chart, 35, 37, 55
changing plots, 19
described, 6
dot plot, 18
dragging attributes to, 18
empty, 18

Index

histogram, 19
inserting, 18
legends, 37
line plot, 48
line scatter plot, 49, 51
movable line in, 27
multiple, 22, 37
reading coordinates, 29
removing lines, 28
residual plot, 29
ribbon chart, 37-38, 76
scatter plot, 20, 44
splitting, 20, 37
zooming, 30

groups
analysis of, 33-39

H

help
for functions, 42
on-line, 1, 12
Help menu
Help Topics, 12
histograms, 19
controlling bin size, 22
of test results, 84
sampling distribution, 57
hypothesis
null versus alternative, 68
hypothesis testing, 65-73, 75-86
one-tailed versus two-tailed, 69

iconifying objects, 5, 13, 21, 30
icons
for cases, 75
if statement, 49, 55
importing data, 13
inference, 77
influence
of outliers, 30, 62
initial values, 52
Insert menu
Case Table, 47
Graph, 26
Slider, 44
Summary Table, 19, 38, 58, 63
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inspectors, 17, 34
adding attributes, 55
closing, 17
described, 6
dragging attributes from, 65
editing formulas, 55
Measures pane, 64
Sample pane, 63
Scramble pane, 83

installation, 11

Internet
data from, 13
resources, 1

intervals
plausible, 65

K

Kepler, 44

L

layout
of objects in document, 21
Learning Guide Starters folder, 2
least-squares regression line, 28, 62
influence of outliers, 30
legends, 37
line plots, 48, 49, 51
lines
in graph, 27
Lock Collection, 27
locked documents, 16
logarithms
in transforming data, 45
logistic
described, 51
logistic chaos, 51-52

mass, 42

maximize window, 16

mean, 62

measurements, 61. See continuous
attributes

measures
as constants, 51
collecting, 56, 64

collecting from summary table, 79

Index

defining, 56, 64

described, 8

pane, 9

recording predictions, 56
median, 62

example of use, 38
median-median line, 62
minimizing

sum of squares of residuals, 28
models, 53
moving objects, 21
multiplication

in formulas, 42, 51

N

New Case(s), 48
New Filter, 35
normal distributions
random generation of, 70
null hypothesis, 71, 77
rejecting, 71
simulation of, 82—85
numetic attributes. See continuous
attributes

(0

objects
active, 12
creating, 18
hiding, 42
iconifying, 13, 21
in Fathom, 5
layout, 21
moving, 21
moving and resizing, 13
resizing, 21

OK button, 8

Open, 13, 15

orbit
period, 44
radius, 44

outliers, 25
influence of, 30

P

parentheses
in formulas, 8, 35
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passengers, 39
Pearson, Katl, 68
pedestrians, 39
percentiles
plotting, 65
phi, 49
pi, 42
planets, 41-45
plotting functions, 41-45, 50
plotting values, 62
polls, 53
population growth, 51-52
population parameters, 65
populations
modeling, 54
predicted values, 29
prediction, 25-31
prev, 48, 49
proportions, 53—-59
function for, 56
in ribbon charts, 37-38, 76
in summary table, 23, 7677
P-value, 71, 72
for chi-square distribution, 80, 81,
82, 84, 85
plot of, 85

Q

Quick Reference, 1
quotes
in formulas, 36

R

random

function, 55
random values

from normal distribution, 70
randomNormal function, 70
raw data

in hypothesis testing, 71
recursive functions, 45-52
Redo, 29
Reference Mannal, 1
reference materials, 1
renaming

collections, 26
Rerandomize, 56

Index

residuals

plotting, 29

squares of, 28
resistance

to outliers, 62
resizing, 13, 21

case table, 17

columns, 26
resources

for learning Fathom, 1-2
ribbon charts, 37-38

splitting, 76
row numbers

from caselndex, 48
row totals, 38
rowProportion, 23
rows

in case table, 17
rowTotal, 23, 78

S

Sample Documents folder, 2, 13
Sample More Cases, 63
sample size, 53
effect on variation, 58
sampling, 53—59
controlling sample size, 63
with replacement, 63
saving documents, 16
scatter plot, 20, 26, 44
scrambling
to test for independence, 82-85
screen space
using well, 12
seat belts, 39
selection
across multiple graphs, 22
in formulas, 8
in graphs, 43
sequences, 45—52
shelf, 5, 18, 53, 54, 55, 57, 68
dragging from, 18
simulation, 53—59
of null hypothesis, 82—85
slider axis info, 54
sliders
as model parameter, 51, 53
as test values, 72
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changing value, 44
for coefficient, 50
for exponents, 44
for rerandomizing, 56
naming, 44, 53
rescaling, 53
zooming, 44
slope
example of use, 45
splitting
bar charts, 37
square root, 50
squares
summing, 28
Stack Dots, 18
standard deviation
of proportions, 58
starting Fathom, 11
statistics
as measures, 8
for testing hypotheses, 68
status bar, 16, 22, 30
coordinates in graph, 29
filtered cases, 36
Student
pseudonym for Gosset, 68
Student’s 7 68
Summary menu
Add Formula, 38
summary statistics
entering in test objects, 69
summaty tables, 19, 38-39, 58, 63
adding attributes to, 19, 21, 22
adding formulas to, 23
default formulas, 23
proportions in, 23
surveys, 75
system requirements, 11

T

Tab key
in data entry, 26
in formula editing, 49

Index

tab-delimited text, 13
#distribution
plotting, 72
temperatures, 61
Test for Independence, 81
Test Mean object, 69
Test menu
Show Test Statistic Distribution,
72,82
test statistic, 68, 77
inventing your own, 86
text files
importing from, 13
text objects, 5
creating, 68
hiding, 42
tours
overview of, 4
transforming data
example, 45
triangular numbers, 47—48
/-statistic
formula for, 68
/test, 65-73
two-tailed test, 72

U

Undo, 14, 27, 29
URL
for importing data, 13

\'

variables. See attributes
View Object in Window, 13
volume, 42

of Earth, 43

w

windows, 5
closing formula editor, 43
maximizing, 16
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