MATH 50G0: Exploratory Data Analvsis (EDA)
Fall 2006 [Kaladar)

Course Motivation:

This course will introduce students to philesophy and methods comprising exploratory data analysis
(“date mining™). We will relate these methods to analogous conceple in theoretical statistics,
emphasizing “exploratory™ versus “confirmatory™, and students will learn and apply analyzis toaols
on real data and actual case studies. At the end of the course, you should be able to recognize
appropriate tools to uge on various sets of data, conetruct meaningful graphical displays, propose
and fit suitable “models” for data, prepare reports, use B (statistics software package), and prepare
oral and writlen reports based on the data analysis.

Course Ob jectives;
o Understand philosophies of “exploratory™ wersus “confirmatory™ data analysis
® Learn the tools of EDA and how to apply them to real data

& Develop expertige In analveing data: how to answer questions posed by the data; how to
identily Marther questions raised by the data

» Learn to use a statistical software package (e.g., R)
o Improve problem-solving and presentation skills
e Collaborate on analyees in teams

& Know basic commands and the grammar of R

The primary objective of this course is to impart the philosophy of exploratory data analysis, to
show its connections with conventional statistical analysis, and to illustrate scme of the most-
useful EDA methods. A consequence of this objective i= the need to become familiar with a
slatistical eclfiware package that can faciliate the computations, especially with large data seis
{such as data from microarray experiments and internet traffic data that we will be analyzing).
Because “R” s free (www . cran. r-project. oTg), contains moet of the tools that we need to achiove
these abjectives, and has gained rather wide acceptance, T will illustrate these methods in class using
YR commands Aul gou will net e required fo wae B i you wish o wee anolher soffware systenm.
So long a: you can carry oub the assignments, you are free (o use whatever soltware you prefer.
You may find, however, that many conventional statistical software systems do not include eeveral
methods commonly associated with EDA. The analyses in my examples will be conducted using K.

Course Information:

Time: Tuesday and Thursday, 4:00-53:15, CU-Denver 626



Frerequisiles:
# Caleulus

& Linear algebra

® Previous courses in statistical methods
Terthooka (first is required; othere are recommended )

o Hoaglin, DO Mosteller, Fo; Tukey, JOW. (1983), Understanding Robust and Erplomtory
Dafa Analysis (UREDA), Wilev.

s Hoaglin, DO Mosteller, F.; Tukey, JOW. (1985), Frploring Dafa Tables, Trends, Shapes
(EDTTS), Wiley.

s Hoaglin, D.C; Mosteller, Fo; Tukey, JOW. (1991), Fundamentals of Erploralory Analysis
of Variance (FEAV)], Wiley.

o Tukey, John W. (1977), Explomtory Data Analgeis (EDA ), Addison-Wesley,

Handouts will come from EDA, EDTTS, and FEAV, when needed, for those students who
do not have access bo them. All four books can be found in the Auraria Library.

Course Expectations:

Wost material will be presentecd via lectures (be prepared for sudden questiona!). Three important
components in a statistician’s work are collaboration, problem solving, and communication; this
coures will provide you opportunities In all thres arcas.,

1. Homework assigements (3060 Problem sete will be assigned weekly and due on Tuesdays.
Collaboration is encouraged. To enswre gmding consislency. late homeworks cannot be
accepted. Pleass do not ask for exceptions to this policy (or expect such requests to be
categorically denied).

2. Midferm exam (25%): The midterm will take place on Thureday, October 20, take-home.
3. Final exam (30%): date to be announced.

4. Final project (15%) The final project will be a 10-minute presentation to the class hased on
a report of an analysis of data from your own choosing (subject to professor's approval). You
ahowld soficid approval for yowr selected data set wo fafer thon Ocloter 13, The accompanying
rapart should describe the data, the questions that were poeed, the analyeis designed to
answer them, and a eummary of the findinge (instructions will be given).

5. Seminars: Though not required, students should make every effort to attend statistics semi-
nars on Friday afternoons.

Incompletes: Consistent with the general policy of the deparbment on this issue, a grade of
“incomplete” will not be an option, except under the most extreme (and complately unavoidable
and unforeseen) circumstances. T do not erpect fo assign any “incomplete” to any students. Be
prepared to have any such requesis denied.



Course Instructor: Professor B, Kafadar, G177 CU-Denver Bldg, 302-550-2547, KkGQmath.cudenyer.edua
Office Hours: Tuesday and Thuraday 2-3:45 (or by appt)

Topics;
& Single hatches: stem-and-leaf display, letter value display, boxplots, gq plots, rootgrams
o Fe-expressions: disgnostice and ftting: outlier detection
s MNoultiple batehes: comparative boxplote, draughtsman displays
» Bobust smoothing; emocthing scatterplots /boxplots: residuals
¢ Two-way and thresg-way analvses: median polish, diagnoetic plots, interaction terms
# Exploratory analvsis of varianoe
& Count data; fitting counts of counls
s Fepression: fitbing; adjustment; carciers, proxies; diagnostic plots, residuals; jackknife
o Standardization (indirect and direct)

# Exploratory analvsis of varianoe

Full 2006 Registration and Academic Deadlines, and Important Policies:

¢ CLAS students must alwavs have an accurate mailing and e-mail address;  Go to
www . cudenver . edu/registrar to update and/or change.

s Studente must complete and submit a drop fadd form to make any echedule changes, Students
are not automatically dropped from a class if they stop attending or do not make tuition
payments. The student is ultimately responsible for verifying their schedule prior to officially
published drop dates.

& Late adds will be approved cnly when circumstances surrounding the late add are beyond the
etudent’s control and can be documented. This will require a petition and documentation
from the student.

& Late drops will be approvesd anly when circumstances surrounding the late drap are beyond
the student’s contral and can be documented. This will require a petition and documentation

from the student.

# Students who wish to graduate in December of 2006 MUST mest with their academnic advisor
{or obtain a graduation application. The application must be completed and submitted by
Septernber 6, 20006,

& Students are responsible for completing financial arrangements with financial aid, Gamily,
scholarships, ete. 1o pay their tuition. Students will be responsible for all tuition and fees for
courses bhey do not officially drop using proper drop fadd procedures and forms.



See

Auvgust 24, 2006 (midnight) Last day to be added to the wait-let for 8 closed course.

August 24 - September 6, 2006 Students are responsible for verifying an accurate fall 2006
registration via SMART. Students are WOT notified of their wait-lst status by the University.
All students muet check their schedules prior to September 6, 2006 for acouracy.

Auvgust 31, 2006 (midnight) Last day to add courses via the weh BMART system.

Septemnber 6, 2006 (5:00 pm) Last day to add structured courses without a written petition
for a late add. This i an absolute deadline. This deadline does not apply to independent
etudw, Internships, and late-starting modalar courses,

Septernber G, 2006 [5:00 pm) Last day for undergraduates and graduates to apply for Decem-
ber 2006 graduation. This i= an absolute deadline.

Septernber 6, 2000 (300 pm) Last day to request pass/fail or no credit option. This is an
absolute deadline,

October A0, 2006 (5:00 pm) Last day for NON-CLAS studente to drop a fall 2006 oourse
without a petition to their home college and receiving their Dean'’s approval.

Novermnber 10, 20006 (5:00 pm) Last day for CLAS etodents to drop a fall 2006 conree. Treated
as an abeolute deadline. Dean’s approval required.

Novemnber 10, 2006 (5:00 pm) Last day to withdraw [drop all courses] without s written
petition.

Academic  Calendar  for  details on registration  and  pavment  deadlines:

www . cudenver .aedu/Tegistrar

Tentative echedule (subject to change, as nesded] follows.



Lecture Date Topic Reading (UREDA)

| /22 Philosophy: Confirmatory ve Exploratory Inktra
2 /24 Stem-and-Leaf; Snumber seummary, boxplot  Ch.1,2A3A

3 E/2M  Comparing batches: Letter values, boxplote  Ch.2A-C38
4 mEfAl QO-plots, spread-ve-level plots Cha.C-E

5 /05 Re-expressions: Ladder of transformations h.4

6 00/07  Flote for disgnoeing transformation hA

T 08/12 Mathematics of letber values (omstats) Ch2E-G

& 09/14 Mathematice of transformation ChAA-E

9 08/19 Fitting lines: Bobust-resistant Tine h.5
10 08/21  Multiple carriers: sweeping out FEOTTS Ch.y

11 08/3% Diagnostics for regression

12 (A28 Patterns in residuals Chy

13 10/03  Median polish Chi

14 10/05  Diagnostic plots; plotting fite ChiH.EF

15 10/10 L1 and other two-way fitting Chail-03

16 1012  Fitting 3-way. higher-order tables EOTTS Cha

17 10/17  Median-based smoothers EDACh T

1& 10/19 Linear ve nonlinear smoothing handonut

19 10/24  Characterizing uncertainty: Jackknife handout

20 10/26  Midterm Ch.-f

21 10/31  Fitting diserete distributione EOTTS Ch.o

22 11/02  [Poissonness plot; examples) EOTTS Ch.a

23 11/07  Families of non-Gaussian distributions EDTTS ChalA-C
24 11/ Fitting g-h distribotions EOTTS Chllb-G
25 11/13  Standardization: motivation handout

26 11/14  Direct/indirect standardization handont

Fall break Mov 20-24 [Thanksgiving)

29 11/28 HRobust estimation ChOAB, 10
a0 ][]I.".'!-[J Li-, M-, R-estimates of location h.ll

31 12/05  Presentations
32 12/07  Presentations



