Structure of a Data Analysis 1/27/13 5:17 PM

Structure of a Data Analysis

Part1

file:///Users/jtleek/Dropbox/Jeff/teaching/2013/coursera/week2/001structureOfADataAnalysis1/index.html#1 Page 1 of 16



Structure of a Data Analysis 1/27/13 5:17 PM

Steps in a data analysis

Define the question
Define the ideal data set
Determine what data you can access
- Obtain the data
- Clean the data
Exploratory data analysis
- Statistical prediction/modeling
Interpret results
- Challenge results
- Synthesize/write up results

- Create reproducible code
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The key challenge in data analysis

‘Ask yourselves, what problem have you solved,
ever, that was worth solving, where you knew
knew all of the given information in advance?
Where you didn’t have a surplus of information
and have to filter it out, or you didn’t have
insufficient information and have to go find some?

Dan Myer, Mathematics Educator

4/16
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Defining a question

Theoretical Statistics

> 1(X6) ~ Elf(X.0)

Applied Statistics " 7 -

23 (.

1

60

Science

A

ey :

1. Statistical methods development
2. Danger zone!!!

3. Proper data analysis
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An example

Start with a general question
Can | automatically detect emails that are SPAM that are not?
Make it concrete

Can | use quantitative characteristics of the emails to classify them as SPAM/HAM?

6/16
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Define the ideal data set

- The data set may depend on your goal

Descriptive - a whole population

Exploratory - a random sample with many variables measured
Inferential - the right population, randomly sampled

Predictive - a training and test data set from the same population
Causal - data from a randomized study

Mechanistic - data about all components of the system
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Our example

Reload this page 3 Inside our data centers - Co %

€« Cc ﬁ' [} www.google.com/about/datacenters/inside/

Google Data centers g+ 557 [ o |

Data centers » Inside look

Inside our data centers

B3
-

i i %1 1

See where the Internet lives

Take a look inside Google’s data centers around the worl
people, and places that keep our products online.

LA

I8
i s EiEl

Global locations

Check out our data center locations around the world and lear more about

Data and security

Learn more about how we keep your data safe with extensive security

features both in and outside our data centers. our community involvement.

See how we protect your data. Explore our locations.

Environmental, health, and safety

http://www.google.com/about/datacenters/inside/
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Determine what data you can access

- Sometimes you can find data free on the web
- Other times you may need to buy the data
- Be sure to respect the terms of use

- If the data don't exist, you may need to generate it yourself

9/16
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Back to our example

You Q Upload

b

GUIDE

1:22

Google data center security

Google data center security
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A possible solution

® 00

= ﬁ' [ archive.ics.uci.edu/ml/datasets/Spambase

&«

UCI Machine Learning Repo:

1/27/13 5:17 PM

Machine Learning Repository

Cel

nter for Machine Leaming and Intelli

Spambase Data Set

Download: Data Folder, Data Set Description

Abstract: Classifying Email as Spam or Non-Spam

nt Systems

Data Set Characteristics: Multivariate ‘ Number of Instances: || 4601 ‘ Area: ‘ Computer
Attribute Characteristics: || Integer, Real ‘ Number of Attributes: || 57 ‘ Date Donated ‘ 1999-07-01
Associated Tasks: Classification ‘ Missing Values? Yes ‘ Number of Web Hits: ‘ 66346 I
Source:

Creators:

Mark Hopkins, Erik Reeber, George Forman, Jaap Suermondt
Hewlett-Packard Labs, 1501 Page Mill Rd., Palo Alto, CA 94304

Donor:

George Forman (gforman at nospam hpl.hp.com) 650-857-7835

http://archive.ics.uci.edu/ml/datasets/Spambase
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Obtain the data

Try to obtain the raw data
Be sure to reference the source

Polite emails go a long way

If you will load the data from an internet source, record the url and time accessed

12/16
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Our data set

8 O 0 \R: Spam E-mail Database ~ * | =
[ty -

€>CH [E] rss.acs.unt.edu/Rdoc/library/kernlab/html/spam.html *] =0
spam {kernlab} R Documentation

Spam E-mail Database

Description

A data set collected at Hewlett-Packard Labs, that classifies 4601 e-mails as spam or non-spam. In addition to this class label there are 57 variables
indicating the frequency of certain words and characters in the e-mail.

Usage

data(spam)

Format

A data frame with 4601 observations and 58 variables.

The first 48 variables contain the frequency of the variable name (e.g., business) in the e-mail. If the variable name starts with num (e.g., num650) the it
indicates the frequency of the corresponding number (e.g., 650). The variables 49-54 indicate the frequency of the characters ;' *(',*[',*!","$', and “#'.
The variables 55-57 contain the average, longest and total run-length of captial letters. Variable 58 indicates the type of the mail and is either "nonspam"
or "spam", i.e. unsolicited commercial e-mail.

Details
The data set contains 2788 e-mails classified as "nonspam" and 1813 classified as "spam".

The **spam" concept is diverse: advertisements for products/web sites, make money fast schemes, chain letters, pornography... This collection of spam e-

mails came from the collectors' postmaster and individuals who had filed spam. The collection of non-spam e-mails came from filed work and personal e-
mails, and hence the word 'george' and the area code '650" are indicators of non-spam. These are useful when constructing a personalized spam filter. One
would either have to blind such non-spam indicators or get a very wide collection of non-spam to generate a general purpose spam filter.

Source

* Creators: Mark Hopkins, Erik Reeber, George Forman, Jaap Suermondt at Hewlett-Packard Labs, 1501 Page Mill Rd., Palo Alto, CA 94304
* Donor: George Forman (gforman at nospam hpl.hp.com) 650-857-7835

These data have been taken from the UCI Repository Of Machine Learning Databases at http://www.ics.uci.edu/~mlearn/MLRepository.html
References

T. Hastie, R. Tibshirani, J.H. Friedman. The Elements of Statistical Learning. Springer, 2001.

http://rss.acs.unt.edu/Rdoc/library/kernlab/html/spam.html
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Clean the data

Raw data often needs to be processed

If it is pre-processed, make sure you understand how

Understand the source of the data (census, sample, convenience sample, etc.)
May need reformating, subsampling - record these steps

Determine if the data are good enough - if not, quit or change data

14/16
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Our cleaned data set

# If it isn't installed, install the kernlab package
library(kernlab)
data(spam)

dim(spam)

[1] 4601 58

http://rss.acs.unt.edu/Rdoc/library/kernlab/html/spam.html
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Subsampling our data set

We need to generate a test and training set (prediction)

set.seed(3435)
trainIndicator = rbinom(4601,size=1,prob=0.5)

table(trainIndicator)

trainIndicator
0 1
2314 2287

trainSpam = spam[trainIndicator==1, ]
testSpam = spam[trainIndicator==0, ]

dim(trainSpam)

[1] 2287 58

16/16
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Structure of a Data Analysis

Part 2
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Organizing a data analysis
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Organizing a data analysis

Data analysis files

Data

- Raw data

- Processed data
Figures

- Exploratory figures

- Final figures
R code

- Raw scripts

- Final scripts

- R Markdown files (optional)
Text

- Readme files

- Text of analysis
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Organizing a data analysis

Raw Data

ast Updated: @1 Dec 2011 § @851

1lergy Name: TRINETHOPRIM
ocation: DAYT29

ate Entered: @9 Mar 2011

caction:

1lergy Type: DRUG

A Drug Class: ANTI-INFECTIVES,OTHER

bserved/Historical: HISTORICAL

omments: The reaction to this allergy was MILD (NO SQUELAE)
1lergy Name: TRAMADOL

ocation: DAYT29

ate Entered: @ Mar 2011

caction: URINARY RETENTION

1llergy Type: DRUG

A Drug Class: NON-OPIOID ANALGESICS

bserved/Historical: HISTORICAL
omments: gradually worsening difficulty emptying bladder

A v N o s W W ———— - e L L

- Should be stored in your analysis folder

1/27/13 5:20 PM

MEDICATION HISTORY
Last Updated: 11 Apr 2011 § 1737

Medication: AMLODIPINE BESYLATE 16MG TAS

Instructions: TAKE ONE TASLET BY MOUTH TAXE ONE-HALF TABLET FOR
GRAPEFRUIT JUICE-~

Status: Active

Refills Remaining: 3

Last Filled On: 20 Aug 2018

Initially Ordered On: 13 Aug 2010

Quantity: 45

Days Supply: 99
Pharmacy: DAYTON
Prescription Number: 2718953

Medication: ISBUPROFEN GOEMG TAS

Instructions: TAKE ONE TASLET BY MOUTH FOUR TIMES A DAY MITH FOXX
Status: Active

Refills Remaining: 3

Last Filled On: 20 Aug 2010

Initially Ordered On: 81 Jul 2010

Pl & e v N

- If accessed from the web, include url, description, and date accessed in README
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Processed data

e 06

oH® 8 Bbh € o

New Open Save Print Import Copy Paste Format Undo Redo AutoSum Sort A-Z Sort Z-A  Gallery Toolbox  Zoom  Help

(PuRTIS) IR TS

|7 solutions-jun3.csv

Z B [0 @

Verdana vjo I~ B I U E ® % 32 G M ESEHS-A-
| sheets | chans | smartArGraphics | worcart
B C [ E G H [ 1 [ [
id problem_id subject_id stoy time_left  answer

2] 1 498 17 1307119989 1307120016 369 A
3] 2 150 15 1307119991 1307120009 2376 D
4 | 3 313 16 1307119994 1307120009 2376 E
S | 4 12 13 1307119995 1307120019 2366 B
6 | 5 273 14 1307119996 1307120028 2357 A
7 6 101 19 1307119996 1307120021 2364 B
8 | 7 105 18 1307119998 1307120048 2337 B
9| 8 162 12 1307120004 1307120042 2343 C
10 | 9 70 15 1307120011 1307120038 2347 C
11 | 10 300 16 1307120012 1307120092 2293 B
12 | 11 494 17 1307120017 1307120075 2310 D
A3 | 12 357 13 1307120021 1307120118 2267 A
14 | 13 522 19 1307120025 1307120152 2233 D
s | 14 232 14 1307120030 1307120158 2227 C
16 | 15 344 15 1307120041 1307120117 2268 B
17 | 16 160 17 1307120079 1307120249 2136 D
18 | 17 516 16 1307120094 1307120159 2226 B
19 18 472 12 1307120119 1307120170 2215 A
20 | 19 43 15 1307120122 1307120140 2245 C

20 353 13 1307120144 1307120199 2186 C
22 21 218 15 1307120152 1307120272 2113 E
23 22 69 16 1307120163 1307120188 2197 D

23 562 16 1307120190 1307120301 2084 D
25 24 121 19 1307120253 1307120294 2091 E
26 25 297 15 1307120277 1307120342 2043 B
27 26 495 13 1307120281 1307120353 2032 E
28 27 94 14 1307120288 1307120343 2042 €
29 28 22 18 1307120310 1307120365 2020 ¢
30 29 64 19 1307120310 1307120385 2000 B
31 30 502 16 1307120323 1307120336 2049 B
32 31 44 16 1307120339 1307120352 2033 A
33 32 315 14 1307120348 1307120362 2023 B
34 33 385 15 1307120352 1307120553 1832 €
35 34 550 13 1307120356 1307120444 1941 B
36 35 52 14 1307120368 1307120397 1988 B
37 36 395 16 1307120377 1307120426 1959 D
38 37 267 17 1307120382 1307120515 1870 €
39 38 257 14 1307120401 1307120427 1956 C
40 39 312 19 1307120407 1307120548 1837 0
a1 | 0 321 18 1307120431 1307120449 1936 A
a2 a1 20 1A 1307120437 1307120510 1R7S A

- Processed data should be named so it is easy to see which script generated the data.

- The processing script - processed data mapping should occur in the README

- Processed data should be tidy
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Organizing a data analysis

Exploratory figures

Figures made during the course of your analysis, not necessarily part of your final report.

Expression

They do not need to be "pretty"

10

Array
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Organizing a data analysis

Final Figures

Expression

Sample
c
Batch 1 Batch 2
A -
c N
2 ) N =1
i
g | —
SR E S T
oo
X, .
- x
=

Sample

Usually a small subset of the original figures
Axes/colors set to make the figure clear

Possibly multiple panels

file:///Users/jtleek/Dropbox/Jeff/teaching/2013/coursera/week2/003organizingADataAnalysis/index.html#1

Expression

Sample

®
E
o
zZ ©
Eiﬁ
z Zz =}
z

Normal
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Organizing a data analysis

Raw scripts

@] raw_cheung_analysis R =3

WoNOU A WN R

() SourceonSave = Q /v =% Run | 59 | [ #Source v| i ]
Llibrary(chron)
library(affy)
library(oligoClasses)
celfiles <- list.celfiles("~/Projects/batchreview/",1istGzipped=T)
dts <- sapply(celfiles,celfileDate)

11 <- strsplit(dts,"-")

yy <- as.numeric(lapply(1l,function(x){x[1]1}))
mm <- as.numeric(lapply(1l,function(x){x[2]}))
dd <- as.numeric(lapply(ll,function(x){x[3]}))

jul <- julian(mm,dd,yy)

# Identify the arrays corresponding to CEU parents
ceuparents <-scan("~/Documents/Work/workingpapers/CHEUNG/CEU_parents.txt",what="character")
tmp <- list.files("~/Documents/Work/workingpapers/CHEUNG/CEU_data")

rep <- rep(c(@,1),each=100)
for(i in 1:length(ceuparents)){

}

tmp <- tmp[9:272]

array <- as.character(sapply(strsplit(tmp,”_"),function(x){x[1]}))

sample <- as.character(sapply(strsplit(tmp,c("_")),function(x){x[2]}))
sample <- as.character(sapply(strsplit(sample,c("\\.")),function(x){x[1]}))
rp <- as.character(sapply(strsplit(tmp,”_"),function(x){x[31}))

rp <- as.character(sapply(strsplit(rp,c("\\.")),function(x){x[1]}))

ceufiles <- array[sample %in% ceuparents]

(Top Level) * R Script ¢

- May be less commented (but comments help you!)

- May be multiple versions

- May include analyses that are later discarded
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Final scripts

@] index.Rmd % @ cheung.R % =
(JSourceonsave | Q /'~ =®Run | 59 | [ #source ~| ]
- f.pvalue <- function(dat,mod,mod®){
# This is a function for performing
# parametric f-tests on the data matrix
# dat comparing the null model mod@
# to the alternative model mod.
n <- dim(dat)[2]
m <- dim(dat)[1]
dfl <- dim(mod)[2]
df@ <- dim(mod@)[2]
10 p <- rep(@,m)
11 Id <- diag(n)
12
13 resid <- dat %*% (Id - mod %*% solve(t(mod) %*% mod) %*% t(mod))
14 residd <- dat %*% (Id - mod@ %*% solve(t(mod®) %*% mod@) %*% t(mod@))
15
16 rssl <- residA2 %*% rep(1l,n)
17 rss@ <- residdr2 %*% rep(1l,n)
18
19 fstats <- ((rss@ - rss1)/(df1-df@))/(rssl/(n-df1))
20 p <- 1-pf(fstats,dfl=(df1-df@),df2=(n-df1))
21 return(p)
2}
125}
24 setwd("cheung/")
25 # Load data and create group variable
26 dat <- read.table("full.data")
27
28 jpt.names <- scan("JPT.cname.txt",what="character")
29 chb.names <- scan("CHB.cname.txt",what="character")
30 ceu.names <- scan("CEU_parents.txt",what="character")
31 nceu <- length(ceu.names)
32 njpt <- length(jpt.names)
33 nchb <- length(chb.names)
34 e o

11 f.pvalue * RS:uK

CoNOU A WN P

- Clearly commented
- Small comments liberally - what, when, why, how
- Bigger commented blocks for whole sections

- Include processing details

- Only analyses that appear in the final write-up

8/12
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Organizing a data analysis

R markdown files

R Markdown Documents

To work with R Markdown (.Rmd) files in RStudio you first need to ensure that the knitr package (version 0.5 or later) in installed.

To create a new R Markdown file, go to File | New | and select R Markdown. A new file is create with a default template to get you oriented:

@7 Untitled » =0
Asc Q| [o] | & KknitHTML [=#Run | 5% | @ Chunks~
1 Title
2
3
4 This is an R Markdown document. Markdown is a simple formatting syntax
| for authoring web pages (click the **MD** toolbar button for help on
| Markdown).
5
6 When you click the **Knit HTML** button a web page will be generated
| that includes both content as well as the output of any embedded R code
| chunks within the document. You can embed an R code chunk like this:
7
8+ *“{r}
9 summary(cars)
0
1
12 You can also embed plots, for example:
13

14~ " {r fig.width=7, fig.height=6}
15 plot(cars)

4:1 (Top Level) + R Markdown *

Note that the toolbar provides some useful tools for working with R Markdown:

Quick Reference — Click the MD toolbar button to open a quick reference guide for Markdown.

Knit HTML — Click to knit the current document to HTML, see the Knitting to HTML section below for more details.

Run — Run the current line or selection of lines in the console. This allows running R code inside a code chunk similar to a normal R source file.
Chunks — The chunks menu provides assistance with inserting, running, and chunk navigation. See the Chunk Menu and Options section below
for more details.

e o o 0

- R markdown files can be used to generate reproducible reports
- Text and R code are integrated

- Very easy to create in Rstudio
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Readme files

a
© O O / @ swidr/README at master - |+ x \| ®
& C & |8 GitHub, Inc. [US]] https://github.com/jtleek/swfdr/blob/master/README ool =2

swidr /README &

jtleek a month ago First draft of files

1 contributor

[E file | 72lines (43 sloc) | 2.187 kb Edit Raw Blame History

# README for swfdr folder
# Date: 7-1-12
# Copyright (C) 2011 Jeffrey T. Leek (http://www.biostat.jhsph.edu/~jleek/contact.html) and Leah R. Jager

OV A WN R

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,

but WITHOUT ANY WARRANTY; without even the implied warranty of

MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

GNU General Public License for more details, see <http://www.gnu.org/licenses/>

Note: These functions were written on a Mac and may have difficulties when
read on Windows machines. They depend on the functions in "journalAnalysisHelp.R"
all code is available from: https://github.com/jtleek/swfdr
It also depends on the R libraries: stat4, genefilter, lme4

=
w
I I T 2 T

24  getPvalues.R

This file contains the code to scrape the P-values from pubmed (either run it first, or use the already
calculated pvalueData.rda)

NNNNN
O ®~N O W

- Not necessary if you use R markdown
- Should contain step-by-step instructions for analysis

- Here is an example https://github.com/jtleek/swfdr/blob/master/README 10712
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Organizing a data analysis

Text of the document

- It should include a title, introduction (motivation), methods (statistics you

806

A-BES o-c- € B O 9 0]

%) leek-jager-main.doc [Compatibility Mode]

150% v @

New Open Save Print  Undo Redo  Format Tables Columns ~Show Navigation Gallery Toolbox  Zoom  Help

Fdi ——— W[ R E e S Clo g e BRI Sk B

R T L2

| Document Elements | uickTables [ chans | smartarGraphics | worcan |
e e e B

mE B

Running head: Empirical estimates suggest most published research is true

Title: Empirical estimates suggest most published medical research is true
Authors: Leah R. Jager® and Jeffrey T. Leek?*

Affiliations:

1. Department of Mathematics, United States Naval Academy, Annapolis, MD 21402, USA

2. Department of Biostatistics, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD 21205,
USA

* To whom correspondence should be addressed

Abstract:

The accuracy of published medical research is critical both for scientists, physicians and patients who
rely on these results. But the fundamental belief in the medical literature was called into serious
question by a paper suggesting most published medical research is false. Here we adapt estimation
methods from the genomics community to the problem of estimating the rate of false positives in the
medical literature using reported P-values as the data. We then collect P-values from the abstracts of all
77,430 papers published in The Lancet, The Journal of the American Medical Association, The New
England Journal of Medicine, The British Medical Journal, and The American Journal of Epidemiology
between 2000 and 2010. We estimate that the overall rate of false positives among reported results is
14% (s.d. 1%), contrary to previous claims. We also find there is not a significant increase in the
estimated rate of reported false positive results over time (0.5% more FP per year, P = 0.18) or with

respect to journal submissions (0.1% more FP per 100 submissions, P = 0.48). Statistical analysis must ;
allow for false positives in order to make claims on the basis of noisy data. But our analysis suggests that z
Print Layout View [ Sec 1[ Pages: 1of1l | Words:  00f3915 | 2] @ TRK] Z

measures of uncertainty), and conclusions (including potential problems)

- It should tell a story

- It should not include every analysis you performed

- References should be included for statistical methods
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Further resources

Information about a non-reproducible study that led to cancer patients being mistreated: The
Duke Saga Starter Set

Reproducible research and Biostatistics
Managing a statistical analysis project guidelines and best practices

Project template - a pre-organized set of files for data analysis

12/12
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http://simplystatistics.org/2012/02/27/the-duke-saga-starter-set/
http://biostatistics.oxfordjournals.org/content/10/3/405.full
http://www.r-statistics.com/2010/09/managing-a-statistical-analysis-project-guidelines-and-best-practices/
http://projecttemplate.net/

Structure of a Data Analysis 1/27/13 5:19 PM

Steps in a data analysis

Define the question
Define the ideal data set
Determine what data you can access
- Obtain the data
- Clean the data
Exploratory data analysis
- Statistical prediction/modeling
Interpret results
- Challenge results
- Synthesize/write up results

- Create reproducible code

2/24
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Steps in a data analysis

Define the question
Define the ideal data set
Determine what data you can access
- Obtain the data
- Clean the data
Exploratory data analysis
- Statistical prediction/modeling
Interpret results
- Challenge results
- Synthesize/write up results

- Create reproducible code

3/24
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An example

Start with a general question
Can | automatically detect emails that are SPAM that are not?
Make it concrete

Can | use quantitative characteristics of the emails to classify them as SPAM/HAM?

4/24
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Our data set

8 O 0 \R: Spam E-mail Database ~ * | =
[ty -

€>CH [E] rss.acs.unt.edu/Rdoc/library/kernlab/html/spam.html *] =0
spam {kernlab} R Documentation

Spam E-mail Database

Description

A data set collected at Hewlett-Packard Labs, that classifies 4601 e-mails as spam or non-spam. In addition to this class label there are 57 variables
indicating the frequency of certain words and characters in the e-mail.

Usage

data(spam)

Format

A data frame with 4601 observations and 58 variables.

The first 48 variables contain the frequency of the variable name (e.g., business) in the e-mail. If the variable name starts with num (e.g., num650) the it
indicates the frequency of the corresponding number (e.g., 650). The variables 49-54 indicate the frequency of the characters ;' *(',*[',*!","$', and “#'.
The variables 55-57 contain the average, longest and total run-length of captial letters. Variable 58 indicates the type of the mail and is either "nonspam"
or "spam", i.e. unsolicited commercial e-mail.

Details
The data set contains 2788 e-mails classified as "nonspam" and 1813 classified as "spam".

The **spam" concept is diverse: advertisements for products/web sites, make money fast schemes, chain letters, pornography... This collection of spam e-

mails came from the collectors' postmaster and individuals who had filed spam. The collection of non-spam e-mails came from filed work and personal e-
mails, and hence the word 'george' and the area code '650" are indicators of non-spam. These are useful when constructing a personalized spam filter. One
would either have to blind such non-spam indicators or get a very wide collection of non-spam to generate a general purpose spam filter.

Source

* Creators: Mark Hopkins, Erik Reeber, George Forman, Jaap Suermondt at Hewlett-Packard Labs, 1501 Page Mill Rd., Palo Alto, CA 94304
* Donor: George Forman (gforman at nospam hpl.hp.com) 650-857-7835

These data have been taken from the UCI Repository Of Machine Learning Databases at http://www.ics.uci.edu/~mlearn/MLRepository.html
References

T. Hastie, R. Tibshirani, J.H. Friedman. The Elements of Statistical Learning. Springer, 2001.

http://rss.acs.unt.edu/Rdoc/library/kernlab/html/spam.html
5/24
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Subsampling our data set

We need to generate a test and training set (prediction)

# If it isn't installed, install the kernlab package
library(kernlab)

data(spam)

# Perform the subsampling

set.seed(3435)

trainIndicator = rbinom(4601, size = 1, prob = 0.5)

table(trainIndicator)

## trainIndicator

## 0 1
## 2314 2287
trainSpam = spam[trainIndicator == 1, ]
testSpam = spam[trainIndicator == 0, ]

6/24
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Exploratory data analysis

Look at summaries of the data
Check for missing data
Create exploratory plots

Perform exploratory analyses (e.g. clustering)

7124
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Structure of a Data Analysis

Names

names (trainSpam)

¥

[1]

[4]

[7]
[10]
[13]
[16]
[19]
[22]
[25]
[28]
[31]
[34]
[37]
[40]
[43]
[46]
[49]
[52]

TEEFE LT E LT E T LT ELTESR
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"make"
"num3d"
"remove"
"mail"
"people"
"free"

"font"
"hp"
"num650"
"telnet"
"num415"
"numl1999"
"direct"

"original"

edu

"charSemicolon"

"charExclamation"

"address"

"internet"

"receive"

"report"

"business"

"credit"
"num000"
"hpl"
"lab"
"num857"
"num85"
"parts"
"ag"
"project”
"table"

"charRoundbracket"

"charDollar"

"all"
"over"
"order"
"will"
"addresses"
"email"
"your"
"money"
"george"
"labs"
"data"
"technology"

"meeting”

et

"conference"
"charSquarebracket"

"charHash"

1/27/13 5:19 PM
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Head

head(trainSpam)

12
14
16

12
14
16

Sl I i i i i R i i i i I N

## 1
## 7
7 9
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make address all num3d our over remove internet order mail receive
0.00 0.64 0.64 0 0.32 0.00 0.00 0 0.00 0.00 0.00
0.00 0.00 0.00 0 1.92 0.00 0.00 0 0.00 0.64 0.96
0.15 0.00 0.46 0 0.61 0.00 0.30 0 0.92 0.76 0.76
0.00 0.00 0.25 0 0.38 0.25 0.25 0 0.00 0.00 0.12
0.00 0.00 0.00 0 0.90 0.00 0.90 0 0.00 0.90 0.90
0.00 0.42 0.42 0 1.27 0.00 0.42 0 0.00 1.27 0.00
will people report addresses free business email you credit your font
0.64 0.00 0 0 0.32 0 1.29 1.93 0.00 0.96 0
1.28 0.00 0 0 0.96 0 0.32 3.85 0.00 0.64 0
0.92 0.00 0 0 0.00 0 0.15 1.23 3.53 2.00 0
0.12 0.12 0 0 0.00 0 0.00 1.16 0.00 0.77 0
0.00 0.90 0 0 0.00 0 0.00 2.72 0.00 0.90 0
0.00 0.00 0 0 1.27 0 0.00 1.70 0.42 1.27 0
num000 money hp hpl george num650 lab labs telnet num857 data num41l5

0 0.00 0 O 0 0 0 0 0 0 0.00 0

0 0.00 0 O 0 0 0 0 0 0 0.00 0

0 0.15 0 O 0 0 0 0 0 0 0.15 0
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Summaries

table(trainSpam$type)
##

## nonspam spam
## 1381 906

10/24
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Plots

plot(trainSpamScapitalAve ~ trainSpam$type)
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Plots

plot(logl0(trainSpamScapitalAve + 1) ~ trainSpamStype)
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Relationships between predictors

plot(loglO(trainSpam[, 1:4] + 1))
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Clustering

hCluster = hclust(dist(t(trainSpam[, 1:571)))
plot (hCluster)

Cluster Dendrogram

=

g e

& |2
18

-— o
£ o dc
® 3
I T

charRoﬁ%aB_a( y .

charSquare hra

dist(t(trainSpam([, 1:57]))
hclust (*, "complete”)
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New clustering

hClusterUpdated = hclust(dist(t(loglO(trainSpam[, 1:55] + 1))))
plot (hClusterUpdated)

Cluster Dendrogram
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charExclamati
me

dist(t(log10(trainSpam|[, 1:55] + 1)))
hclust (*, "complete”)
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Statistical prediction/modeling

Should be informed by the results of your exploratory analysis
Exact methods depend on the question of interest
Transformations/processing should be accounted for when necessary

Measures of uncertainty should be reported

16/24
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Statistical prediction/modeling

trainSpam$numType = as.numeric(trainSpam$type) - 1

costFunction = function(x, y) {
sum(x != (y > 0.5))

}

cvError = rep(NA, 55)

library (boot)

for (i in 1:55) {
ImFormula = as.formula(paste("numType~", names(trainSpam)[i], sep = ""))
glmFit = glm(lmFormula, family = "binomial", data = trainSpam)
cvError[i] = cv.glm(trainSpam, glmFit, costFunction, 2)$delta[2]

## Warning: glm.fit: fitted probabilities numerically 0 or 1 occurred
## Warning: glm.fit: fitted probabilities numerically 0 or 1 occurred

## Warning: glm.fit: fitted probabilities numerically 0 or 1 occurred 1724
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Get a measure of uncertainty

predictionModel = glm(numType ~ charDollar, family = "binomial", data = trainSpam)
## Warning: glm.fit: fitted probabilities numerically 0 or 1 occurred

predictionTest = predict(predictionModel, testSpam)
predictedSpam = rep("nonspam", dim(testSpam)[1l])
predictedSpam[predictionModel$fitted > 0.5] = "spam"
table(predictedSpam, testSpam$Stype)

##

## predictedSpam nonspam spam
## nonspam 1346 458
At spam 61 449

(61 + 458)/(1346 + 458 + 61 + 449)
18/24
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Structure of a Data Analysis

Interpret results

Use the appropriate language

describes

correlates with/associated with

leads to/causes

predicts
Give an explanation
Interpret coefficients

Interpret measures of uncertainty
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Our example

The fraction of charcters that are dollar signs can be used to predict if an email is Spam
Anything with more than 6.6% dollar signs is classified as Spam
More dollar signs always means more Spam under our prediction

Our test set error rate was 22.4%

20/24
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Structure of a Data Analysis

Challenge results

Challenge all steps:

Question

Data source

Processing

Analysis

Conclusions

Challenge measures of uncertainty
Challenge choices of terms to include in models

Think of potential alternative analyses
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Synthesize/write-up results

- Lead with the question
- Summarize the analyses into the story
Don't include every analysis, include it
- If it is needed for the story
- If it is needed to address a challenge
- Order analyses according to the story, rather than chronologically

Include "pretty" figures that contribute to the story

22/24
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In our example

- Lead with the question
- Can | use quantitative characteristics of the emails to classify them as SPAM/HAM?

Describe the approach

Collected data from UCI -> created training/test sets

Explored relationships

Choose logistic model on training set by cross validation

Applied to test, 78% test set accuracy
Interpret results
- Number of dollar signs seems reasonable, e.g. "Make money with Viagra $ $ $ $!"
- Challenge results
- 78% isn't that great
- | could use more variables

- Why logistic regression?

23/24
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Create reproducible code

@7 index.Rmd » =3
A Q| [ | @ KnitHTML ~#Run | 5% [@ Chunks~
Next | Prev Replace || All ’

(") Inselection [ | Match case [ | Whole word [ | Regex (o Wrap

252 ---

253 ## New clustering

254. """ {r, fig.height =6,fig.width=6}

255 hClusterUpdated = hclust(dist(t(logl@(trainSpam[,1:55]+1))))
256 plot(hClusterUpdated)

257 oo

258

259 ---

260 ## Statistical prediction/modeling

261

262 * Should be informed by the results of your exploratory analysis
263 * Exact methods depend on the question of interest

264 * Transformations/processing should be accounted for when necessary
265 * Measures of uncertainty should be reported

266

267 ---

268 ## Statistical prediction/modeling

269- """ {r,cache=TRUE}

270 trainSpam$numType = as.numeric(trainSpam$type)-1

271 costFunction = function(x,y){sum(x!=Cy > @0.5))}

272 cvError = rep(NA,55)

273 library(boot)

274 - for(i in 1:55){

275 ImFormula = as.formula(paste("numType~",names(trainSpam)[i],sep=""))
276 glmFit = glm(lmFormula,family="binomial",data=trainSpam)

277 cvError[i] = cv.glm(trainSpam,glmFit,costFunction,2)$delta[2]
278 }

279 which.min(cvError)

280 names(trainSpam)[which.min(cvError)]

281

282

283

284 ---

~or

186:1 (Top Level) + R Markdown
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