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Background



"Much fine work in statistics involves
minimal mathematics; some bad work in
statistics gets by because of its apparent

mathematical content.”

David Cox (1981),
Theory and general principle in statistics, JRSS(A), 144, pp. 289-297.

4



“...most statisticians seem to agree that
statistics 1s becoming relatively less influential
among the information sciences.”’

Jerry Friedman (2001)
The role of statistics in the data revolution,
International Statistical Review, 69, 1, pp. 5-10.
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“The current status of statistics in industry
1s strong; however, the status of statisticians
in industry 1s possibly at an all-time low."”

Sallie Keller-McNulty (2008)
ASA Presidential Address
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“The state of research in engineering and
industrial statistics is not as healthy as it was
two to three decades ago. The short-term focus in
business and industry has led to drastic cutbacks
in  industry-based research. Within most
statistics departments in academia, engineering
and industrial statistics are viewed as mature
areas, and do not attract much interest.”

V.J. Nair (2008)
Industrial statistics: The gap between research and practice,
Youden Memorial Address. ASQ Statistics Division Newsletter, 27, 1, pp. 5-7.



“There appears to be a serious disconnect
between academic research in statistics and
quality control improvement and actual practice.
That 1s, quality practitioners are not utilizing
the latest published research, and researchers are
not addressing the research needs perceived by
practitioners.”

Roger Hoerl and Ron Snee (2010)

Statistical Thinking and Methods in Quality Improvement: A Look to the Future,
Quality Engineering, 22, 3, pp. 119 -129
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The place of statistically trained contestants in Kaggle is disappointing if not alarming:
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The top 10 ranked Kaggle users (as of 10/25/13)




in

Home

Search groups

Profile Metwork Jobs Interests

Statisticians are not good data scientists

Jonathan Rosenblatt
Statistics postdoctoral at W15

Computer sciences
Mathematics
Engineering

Economietr)ics

Statistics

Al/Machine learning

Physics

Actuarial science

Systems sciences

Cognitive sciences

Other

|.||||]|'l|

o
£

8 12 16

Number of mentions

20

10



The Market View of Statistics

Take a step backwards, and think of statistics as
a product or service (let's call it "S") that you are
trying to promote. There are apparently many
problems with "S". Basic market research shows
that "S" is misused, misunderstood, not
appreciated and worst yet, others are offering
much more attractive and successful versions of
it. For statisticians this is an issue that requires
serious considerations.

Kenett, R.S. (2012) A Note on the Theory of Applied Statistics . Available at SSRN: http://ssrn.com/abstract=2171179



Applied statistics is about
meeting the challenge of
solving real world problems
with mathematical tools and
statistical thinking



13



Real World

Problems

The mathematical statistician



Real World
Problems

The proactive statistician, G. Hahn
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The Theory of Applied Statistics
(a la Draper)

Bayesian Model Specification:

Toward a Theory of Applied Statistics

David Draper

Department of Applied Mathematics and Statistics
University of California, Santa Cruz

draper@ams.ucsc.edu
WwW.ams.ucsc.edu/~draper

STANFORD UNIVERSITY: WORKSHOP IN BIOSTATISTICS

26 May 2011
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The Theory of Applied Statistics
(a la Draper)

(1) An axiomatization of statistics.

(2) Foundations of probability seem (to me) to be secure:
(RT Cox, 1946) Principles — Axioms — Theorem:

Logical consistency in uncertainty quantification —
justification of Bayesian reasoning.

(3) Foundations of inference, prediction and decision-making not yet
secure: fixing this would yield a Theory of Applied Statistics,
which we do not yet have; two remaining challenges:

(a) Cox's Theorem doesn't require You to pay attention to a basic
scientific issue: how often do You get the right answer?

(b) Too much ad hockery in model specification: still lacking
Principles — Axioms — Theorems.

(4) A Calibration Principle fixes 3 (a) via decision theory.

(5) Log scores help with 3 (b) via a Modeling-As-Decision Principle
and a Prediction Principle. 18



The Theory of Applied Statistics
(a la Draper)

— RT Cox (1946): following Laplace, probability is a quantification
of information about the truth of a proposition, constrained to obey

axioms guaranteeing internal logical consistency; this is both
fundamental to science and as general as You can get.

Cox’s goal was to identify what basic rules p/(A|B) — the plausibility
(weight of evidence in favor) of (the truth of) A given B — should
follow so that p/(A|B) behaves sensibly, where A and B are
propositions with B assumed by You to be true and the truth status of
A unknown to You.

He did this by identifying a set of principles making operational the
word “sensible” (Jaynes, 2003):

e Suppose You're willing to represent degrees of plausibility by real
numbers (i.e., p/(A|B) is a function from propositions A and B to R);

e You insist that Your reasoning be logically consistent:

— If a plausibility assessment can be arrived at in more than one
way, then every possible way must lead to the same value. 19



The Theory of Applied Statistics
(a la Draper)

— You always take into account all of the evidence You judge to be
relevant to the plausibility assessment under consideration (this is the
Bayesian version of objectivity).

— You always represent equivalent states of information by
equivalent plausibility assignments.

From these principles Cox derived a set of axioms:

e The plausibility of a proposition determines the plausibility of the
proposition's negation; each decreases as the other increases.

e The plausibility of the conjunction AB = (A and B) of two
propositions A, B depends only on the plausibility of B and that of {A
given that B is true} (or equivalently the plausibility of A and that of

{B given that A is true}).

e Suppose AB is equivalent to CD; then if You acquire new
information A and later acquire further new information B, and
update all plausibilities each time, the updated plausibilities will be
the same as if You had first acquired new information C and then
acquired further new information D. 20



The Theory of Applied Statistics
(a la Draper)

From these axioms Cox proved a theorem showing that uncertainty
quantification about propositions behaves in one and only one way:

Theorem: | If You accept Cox’s axioms, then to be logically
consistent You must quantify uncertainty as follows:

e Your plausibility operator p/(A|B) — for propositions A and B —
can be referred to as Your probability P(A|B) that A is true, given that
You regard B as true, and 0 < P(A|B) < 1, with certain truth of A
(given B) represented by 1 and certain falsehood by 0.

e (normalization) P(A|B) + P(A|B) = 1, where A = (not A).
e (the product rule):
P(AB|C) = P(AC) - P(B|AC) = P(B|C) - P(AB C).

The proof (see, e.g., Jaynes (2003)) involves deriving two functional
equations F[F(x,y),z] = F[x,F(y,z)] and xS [@] =yS [%] that

pl(A|B) must satisfy and then solving those equations. »



The Theory of Applied Statistics
(a la Draper)

Cox's Theorem and its corollaries provide no constraints on the

specification process, apart from the requirement that all probability
distributions be proper (integrate or sum to 1).

In my view, in seeking answers to these specification questions, as a
profession we're approximately where the discipline of statistics was in
arriving at an optimal theory of probability before Cox’s work: many
people have made ad-hoc suggestions (some of them good), but little

formal progress has been made.

Developing (1) principles, (2) axioms and (3) theorems about optimal
specification could be regarded as creating a
Theory of Applied Statistics, which we do not yet have.

22



. rsuis soc a0, 1 NE Theory of Applied Statistics
143, Part 4, pp. 383430 (a, la BOX)

Sampling and Bayes’ Inference in Scientific Modelling and

Warning

ap on

We do not teach tools and methods for doing that

To clear us rdesatandings and to set my reply in context, let me first make clear what I
regardCas the proper role of a statistican. Rhis is not as the analyst of a single set of data, nor even as the

“This is not as the analyst of a single set of data, nor even as the
designer and analyzer of a single experiment, but rather as a
colleague working with an investigator throughout the whole

course of iterative deductive-inductive investigation.”



The Theory of Applied Statistics
(a la Box)
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The Theory of Applied Statistics
Figure 2. Traditional Method of Teaching ( d I a B OX )
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David Banks

Statistics, Politics, and Policy

Volume 2. Issue 1 2011 Article 4

Reproducible Research: A Range of Response
David Banks, Duke University

As a former editor of the Journal of the American Statistical Association, my own sense is
that very few applied papers are perfectly reproducible. Most do not come with code or
data, and even if they did, | expect a careful check would and discrepancies from the
published paper. The reasons are innocent: code written by graduate students is
continually tweaked and has sketchy documentation.

The exact data cleaning procedures are not perfectly remembered when the final version
of the paper is written, or may be muddled by miscommunication among multiple
authors. And even if a conscientious researcher provided a full description of every
cleaning step, every model fitting choice, and all aspects of variable selection, the resulting
paper would be so long and tedious that no doubt the foolish editor would demand that it
be shortened.



“Yoav’s current interest is the replicability problem in science: too often, the results of
studies gaining headlines cannot be replicated by other experimenters. Part of the problem
is the use of statistical tools that fail to address the challenge of selective inference. He is
trying to develop statistical tools that will aid researchers to cope with this problem, from
the areas of Medicine, Epidemiology, Genomics, Bioinformatics, Neuroscience and behavior.”
The multi-family selective inference problem

http://en.wikipedia.org/wiki/Yoav_Benjamini
We select interesting/significant/promising families

Yoav Benjamini

The uninteresting families loose importance A varietv of error-rates
A L ) =1 .

and are dropped/ignored from the reported results
(or hidden in the available database/online appendix)  Unadjusted inference E(V/Im) = a

We wish to infer on the selected families

False Excedance Rate Pr(VIRzq)2a

— test hypotheses within

— set confidence interval k- FDR E((Vk),/R)=q

— estimate

False Discovery Rate E(VIR)sa=q

Selection adjusted separate testing of families

Let P, be the p-values for the hypotheses in family /, k-FWER P( VzKk ) s a
P=(P,P,...Py}. I={1,2,...m}. Strong control of FWER  Pr(Vz1)=a
Any data based selection procedure of families yields .

S(P) in I. Let |S(P)| be the (random) number of Per family Error-rate E(V)sa

families selected.
The control of error E(C) (FDR, FWER, and others) All above are of the form E{C)

on the average over the selected families means But not Edr = E{V)fE(R}; local fdr(z); pOSfﬁVE EDR

[ 2C Presented at The San Francisco Chapter of ASA

February 29, 2012 27
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Christopher Gandrud

Reproducible Research
with R and RStudio

Sweave
knitr

Replicability is not Reproducibility:
Nor is it Good Science Chris Drummond
. |

Proc. of the Evaluation Methods for Machine Learning Workshop at the 26 th ICML, Montreal, Canada, 2009.
Chris Drummond CHRIS.DRUMMONDQNRC-CNRC.GC.CA

Institute for Information Technology

National Research Council Canada
Ottawa, Ontario, Canada, K1A OR6

“‘Reproducibility requires changes; replicability avoids them. A critical
point of reproducing an experimental result is that irrelevant things are
iIntentionally not replicated. One might say, one should replicate the
result not the experiment.”

Is this reproducible? Is this replicable?

What did we learn = What did we do

‘ Information

28



Closing the Gap:
A Pedagogical Approach

A: Piston Weight (Kg)

B: Piston Surface Area (m?)

C: Initial Gas Volume (m?)

D: Spring Coefficient (N/m)

E: Atmospheric Pressure (N/m?)

P 3 F: Ambient Temperature (°K)
[ ¥¥Y P G: Gas Temperature (%K)
P

Learn how to do it — using the computer

cylinder head

Understand why — the motivation

e Study the foundations — using mathematics
Practice, practice, practice
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Closing the Gap:
A Pedagogical Approach

 The pedagogical structure of Modern Industrial Statistics
combines a practical approach, with theoretical
foundations and computer support. It is intended for
students and instructors who have an interest in studying
modern methods by combining these three elements.

* The first edition referred to S-Plus, MINITAB and compiled
QuickBasic code. The second edition provides examples
and procedures in the now popular R language and also
refers to MINITAB and JMP. Each of these three computer
platforms carries unique advantages. Focusing on only one
or two of these is also possible.

* Exercises are provided at the end of each chapter in order
to provide more opportunities to learn and test your

knOW|Edge' From preface to second edition of Kenett and Zacks, Modern

Industrial Statistics with applications in R, MINITAB and JMP,
Wiley 2014



The Trilogy



The Trilogy of Applied Statistics

* Consider a life cycle view Perspective

* Assess impact o

* Generate knowledge Knowledge

32



Statistics: A life cycle view

Problem

Impact
Elicitation __—="",1 Assessment

Goal - /.~ | Communication

Formulation ,~ _--| of Findings

N\ /// 7
N -7 7
\\ //// //
AN - / 7
N _ - /7 Ve
></ // //
Data RN P Operationalization
.. - N — oL
Collection Ay of Findings

\

Data 4 "N Formulation
Analysis §f of Findings

Perspective

DMAIC

Kenett, R.S. and Thyregod, P. (2006) Aspects of statistical consulting not taught by academia,
Statistica Neerlandica, 60 (3): 396-412.



Perspective

Problem Elicitation

Greenfield, T. (1987) Consultant's cameos: A chapter of encounters. pp. 11-25 in Hand, D.J. and B.S. Everitt eds,
The statistical consultant in action, Cambridge University Press




Assessing Impact o

Practical Statistical Efficiency (PSE)

PSE = function[E{R}, T{1}, P{1}, V{PS}, P{S}, V{P}, V{M}, V{D}]
V{D} = value of the data actually collected

V{M} = value of the statistical method employed

V{P} = value of the problem to be solved

P{S} = probability that the problem actually gets solved
V{PS} = value of the problem being solved

P{I} = probability the solution is actually implemented
T{l} = time the solution stays implemented

E{R} = expected number of replications

Kenett, R.S., Coleman, S.Y. and Stewardson, D. (2003). Statistical Efficiency: The Practical Perspective,

35
Quality and Reliability Engineering International, 19: 265-272.



ssmg Impact

Papers produced by experiments;
literature papers cited by those produced
by experiments; and literature papers
citing experiment papers. citations from
experiment papers to literature papers
with Oto1 and the citations received by
experiment papers from literature papers
1to0

Experiments| 0to0 Otol 1to0 Itol |H-index|>500 cit
ALEPH 93 223 1068 | 13360 77 4
DELPHI 96 230 795 10949 66 4

L3 119 289 773 10522 63 4
OPAL 120 374 936 | 13181 79 4
CDF 839 1338 | 4005 | 34900 | 119 6

DO 831 953 3356 | 24843 85 3

ALICE 377 435 541 17345 34 1
ATLAS | 3272 | 1070 | 6891 | 54648 78 4
CMS 1708 | 1018 | 4918 | 55906 69 4
LHCb 243 325 592 | 22396 33 1

Gal Oestreicher-Singer and Arun Sundararajan (2012) Recommendation networks and the long tail of electronic commerce
E, MIS Quarterly Vol. 36 No. 1 pp. 65-83/March 2012

www.eiburs.unimi.it Cost Benfit Analysis in the Research, Development and Innovation Sector. 36
Carrazza S. Ferrara A., Salini S. (2013) Research infrastructures in the LHC era: a scientiometric approach, EIB
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Kenett, R.S. and Steinberg, D. (2006), New Frontiers in Design of Experiments, Quality Progress, pp. 61-65, August 2006.




Information Quality g

The potential of a particular dataset
to achieve a particular goal using a
given empirical analysis method

A specific analysis goal
The available dataset

g
X
f An empirical analysis method
U

A utility measure

InfoQ(f,.X,g) = U( f(X]a) )

Joint work with Galit Shmueli

Kenett, R.S. and Shmueli, G. (2014) On Information Quality, http://ssrn.com/abstract=1464444
Journal of the Royal Statistical Society, Series A (with discussion), 176(4).




Domain Analytic
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Knowledge

Analysis goal
g x
/w { Available data
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Utility measure

f

Data analysis
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Knowledge

Domain goal

What, why, when, where, how

Analysis goal

-> Analysis goal

Explain, predict, describe
enumerative, analytic
exploratory, confirmatory

Quality of Goal Specification
* “error of the third kind” - giving the right answer to the wrong question —

Kimball
* “Far better an approximate answer to the right question, which is often

vague, than an exact answer to the wrong question, which can always be
made precise” - Tukey

41



Typical Goals of Customer Surveys

Goal 1.
Goal 2.
Goal 3.
Goal 4.
Goal 5.
Goal 6.
Goal 7.
Goal 8.
Goal 9.

Goal 10. Improve the questionnaire for future use

Decide where to launch improvement initiatives

Highlight drivers of overall satisfaction

Detect positive or negative trends in customer satisfaction
Identify best practices by comparing products

Determine strengths and weaknesses

Set up improvement goals

Design a balanced scorecard with customer inputs

Analysis goal

P g
)

Communicate the results using graphics L

Assess the reliability of the questionnaire




Knowledge

Data Source

* Primary, secondary

* Observational, experiment

* Single, multiple sources

* Collection instrument, protocol

\”'Available data

Data Type
Data Size and * Continuous, categorical, mix
Dimension * Structured, un-, semi-structured

* Cross-sectional, time series, panel, network,

* H observations ,
geographical

 #variables

Data Quality U(X/g)

* “Zeroth Problem - How do the data relate to the problem, and what other data
might be relevant?” - Mallows

« MIS/Database - usefulness of queried data to person querying it.

* Quality of Statistical Data (IMF, OECD) - usefulness of summary statistics for a

particular goal (7 dimensions)
43



Knowledge

f ' Statistical models and methods

\_ _* Parametric, semi-, non-parametric
DEICENEI g «  Classic, Bayesian
method
Data mining algorithms
Graphical methods
Operations research methods

Analysis Quality

“poor models and poor analysis technigues, or even analyzing the data in a
totally incorrect way.” - Godfrey

Analyst expertise

Software availability

The focus of statistics education

44



Knowledge

Domain goal -> Analysis goal

* Predictive accuracy, lift

* Goodness-of-fit

» Statistical power, statistical significance
e Strength-of-fit Utility measure
« Expected costs, gains N U

* Bias reduction, bias-variance tradeoff

Quality of Utility Measure
» Adequate metric from analysis standpoint (R?, holdout data)
e Adequate metric from domain standpoint

45



Approaches for Increasing InfoQ

Study Design (Pre-Data) Post-Data-Collection
« DOE e Data cleaning and
* Clinical trials preprocessing

e Survey sampling * Re-weighting, bias

* Computer experiments adjustment

 Meta analysis

Randomization, Stratification, Recovering “real data” vs. “cleaning
Blinding, Placebo, Blocking, for the goal”

Replication, Sampling frame, Handling missing values, outlier
Link data collection protocol with detection, re-weighting, combining

appropriate design results

46



Assessing InfoQ ~ Knowledge

InfoQ dimensions - “Quality of Statistical Data”
1. Data resolution (Eurostat, OECD, NCSES,...)
2. Data structure e Relevance
3. Dataintegration « Accuracy
4. Temporal relevance * Timeliness and punctuality
5. Chronology of data and goal « Accessibility
6. Generalizability e Interpretability
7. Operationalization e Coherence
8. Communication « Credibility
. - 4 V’s of Big Data Marketing Research
.3 V\jocl)z anleg Data e Volume ° Recency
- * Variety * Accuracy
. i e Availabilit
) Wl Velocity y

* Veracity * Relevance
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Outpanent wisits for nfluenza-like liness

#1 Data Resolution

Google Flu Trends U.S. may have diverged again
from the CDC data it predicts, but too early to be sure.
10%

3
:
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*

8'}\ - e
w
-
7% \ g
6% ’?
2
o
59% |- “

(8

n
>
!
S
B

3%
2% |- \ . \
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I

| 2009 2010 2011 2012 2013
Flu Trends launch Algorithm update
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#2 Data Structure

Data Types rm ¥ &
* Time series, cross-sectional, panel ﬁ T A=
« Structured, semi-, non-structured ... ... iy
* Geographic, spatial, network Jr """"""" ﬁf """"""" =

Text, audio, video, semantic =y
Discrete, continuous

Data Characteristics
Corrupted and missing
values due to study design
or data collection
mechanism
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#3 Data Integration

D Systems
—
G

= 1e)

Data

]
Warehouse

Linkage, privacy-preserving
methods: Increase or
decrease InfoQ?
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#4 Temporal Relevance

Analysis Timeliness

Collection Timeliness (solving the right
(relevance to g) problem too late)

forecast
Data Study

Analysis Deployment

Data Collection

t, t, t, t, t. t

g: Prospective vs. retrospective; longitudinal vs. snapshot
Nature of X, complexity of f

51
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#5 Chronology of Data & Goal

Data: Daily AQl in a city

g,: Reverse-engineer AQ|

AIR QUALITY INDEX

g,: Forecast AQ|

Air Quality Index Levels of Health Concern
(AQI) Values

0to 50 Good

51-100 Moderate

101-150 Unhealthy for Sensitive Groups

Retrospective/prospective
Ex-post availability
Endogeneity

201-300 Very Unhealthy
301 to 500

http://www.airnow.gov/?action=aqibasics.aqi
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#6 Generalizability

Statistical Scientific
generalizability generalizability
simnilar Simnilar
Sam[::ll_ing Inference ‘

Gradients of

Similarity:
less
st

/_,,—-—'_‘—‘—\_\\

Definition of g
Choice of X, f, U 53
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#6 Generalizability

Judea Pearl stated that “Science is about generalization, and generalization requires
transportability. Conclusions that are obtained in a laboratory setting are
transported and applied elsewhere, in an environment that differs in many aspects

from that of the laboratory.”
* Pearl, J. (2013), Transportability across studies: A formal approach, R-372

Georg Rasch used the term specific objectivity to describe that case essential to
measurement in which "comparisons between individuals become independent of which
particular instruments -- tests or items or other stimuli -- have been used. Symmetrically, it
thought to be possible to compare stimuli belonging to the same class -- measuring the
same thing -- independent of which particular individuals, within a class considered, were
instrumental for comparison.” The term general objectivity is reserved for the case in
which absolute measures (i.e., amounts) are independent of which instrument (within a
class considered) is employed, and no other object is required. By "absolute" we mean the

measure "is not dependent on, or without reference to, anything else; not relative"

Rasch, G. (1961). On general laws and the meaning of measurement in psychology, pp. 321-334 in Proceedings of the Fourth
Berkeley Symposium on Mathematical Statistics and Probability, IV. Berkeley: University of Chicago Press, 1980.

Rasch, G. (1977). On Specific Objectivity: An attempt at formalizing the request for generality and validity of scientific
statements. The Danish Yearbook of Philosophy, 14, 58-93.
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#7 (Construct) Operationalization

X construct

X =0(x) operationalization (measurable)

headaches

requent infections

Body

taul muscles
muscular twitches
fatigue

skin irritatons

hreathlessness

loss of confidence
more fussy
irritability
depression
apathy
alicnation

apprehension

Causal explanation vs.
prediction, description
 Theory vs. data

* Data: Questionnaire, physio
measurement

Mind
muddled thinking

impaired judgement

nightmares
indecisions

negativity

hasty decizions

accideng prone
loss of appetite
loss of sex drive

drinking more

IS

restlessness
smoking more '

Behavior

© Original Artist
Reproduction.rights obtainable from
www. CartdonStock.com
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#7 (Action) Operationalization

In the pre-publication drafts of Quality, Productivity, and Competitive Position Dr. Deming wrote:

“An operational definition consists of (1) a criterion to be applied to an object or a
group of objects, (2) a test of compliance for the object or group, and (3) a decision rule
for interpreting the test results as to whether the object or group is, or is not, in

compliance.”

In Dr. Deming’s own conversations, when individuals would start telling him about what they or
their organization were planning to do, he would invariably have one of two responses for them: “By
what method?” or “"How will you know?” Either one of these questions would generally end the
conversation since the individual would have no answer. After discerning this pattern to Dr. Deming's
responses, it finally occurred to me that these two questions corresponded to the last two parts of an
operational definition. This realization, in turn, resulted in a generalization of an operational definition to

become:

(1) What do you want to accomplish?

(2) By what method will you accomplish it?

(3) How will you know when you have accomplished it?

http://www.spcpress.com/pdf/DJW187.pdf

© Original Artist p/#
Reproduction.rights obtainable from

www. CartdonStock.com
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#7 O

National Education Goals
Panel (NEGP)
recommended that states
answer four questions on
their student reports:

1. How did my child do?
2. What types of skills or
knowledge does his or her
performance reflect?

3. How did my child
perform in comparison to
other students in the
school,

district, state, and, if
available, the nation?

4. What can | do to help
my child improve?

3

4

5 6

perationalization

Missouri -
am s 723
Assessment Communication Arts
Progmm Scale Score: 710 Q
(AWA P) Proficient 400 e i i T e 3
Content/Knowledge Standards e

Student Report

SARA ARMSTRONG

Grade: 8

Simulated Data

Purpose

This raport provides informatian about
performance on the MISSour| ASSeSsmeart
Fragram, It describes performance in
werms of Tour lavels of achievement in a
cantent area. 1t 15 used for instructional
olanning, as a point of reference during a
parant-teachar confarense, and for
permangnt-racord kasping.

Blrthdate: 36/23/23

Tesh Dale: J3/28437

CODEE: D48.078-2553
School: FINE VALLEY
Digtrict: B1G CREEK
State: MISEOURI

ﬂv’imfc ANYWHERE, H_G

Goal iz Proficient or Advancad

Achievement Level Descriptions

(Grade Level Expectation Strands) 9

Students will have a solid foundafion of

points |points
possibldearned

Advanced

Read ng—Smdcnls analyze complex information, authar's purpose,
characlers; svnlhcmze Infarmation; sUmmarize OOI'I]phZ)f deas: make
complex Inferences. Writng-Students adit text correctly applying the
rules/conventlons of =andard Englis"l.

MAP score range. 723-B75.

Proficient
Reading-Studarts summarize; infer yocabulary masaning and

CAUSSTEMAC Interpret figurative languade; analyze text features,
Tollow mult-Step directions; dentity authors technigue; analyze test;
make inferences, interpretations, predictions, comparisons, using
complex material: evaluate evidence, rellability of resources.
Wirlting-Studerts edit for relevarnt desalls and purpose; organize and
Ed lext; consistently use rules/conventions of Standard English.

B
Reading-Studerts defing simple vocabulary; identify main idea; draw
slmple conclusions; make simple Inferences; recall details from test;
determine reliabllity of resources. Writing-Students write a paragraph
10 a specific audlence.

MAP score I‘aI‘IHEf 339-835_

frrt e iy

1. spaaking and writing Standard English {including 15 63
grammar, usage, punctuation, spelling, capitalization)

o
o

2. raaging and evaluating fiction, poatry and drama 19

<

=l

w

3. reacing and evaluating nenfiction work and materials

(such as bicgraphies, newspapers, technical manuals)
4, writing forma Iy {such as reports, narratives, essays) MA
and infermally (such as outines, notes)

ol % af
painls |painis

Process/Performance Standards
r possiblearned

Students will demois

#un @ co area the ability fo

Geal 1 - Gather, analyze & apply information

Below Basic

Reading Students identity author's purpoese, figurative language, plat,
And Setting, use context Cluss to choose vocabulary, Writ '|QS1LI:JQ‘1[S
creale a graphic organizers, write a basic paragraph; show some
awaraness of audiencs,

MAP score range. 530-638.

Standard § - coffpranend/avaluate resourcss L] 50
Standard & - discoverfevaluate relationships 23 o]
Goal 2 - Communicate effectively

Standard 2 - revise communications 15 a0
Goal 3 - Recognize & soive problems

Standgard 5 - reason logically 18 a5

The achiaverment [evel indisates your child can parlorm the majority of

wrat Is descrived for that leval and even more of what 1S described for
the levels belaw. Your child may also be capable of perfarming same of
the competencies described in the next higher level, but et enaugh to

nave reached that level of performance.

TerraNova National Percentile: 64 Lexile Score: 1234
TerraNova 15 a multiple-cholcs 1est. In Reading, yaur student
scorad better than 64 percent of the students in the natlon.

The Lexile Framework for Reading Is a reading scale which matches
reader atility with aspropriate reading materials, See enclosure for

more information.

O5/18/07

Goodman, D. and. Hambleton, R.( 2004). Student Test Score Reports and Interpretive Guides: Review of Current Practices
and Suggestions for Future Research, Applied Measurement in Education, 17:2, 145-220
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#7 Operationalization

http://sat.collegeboard.org/practice/sat-skills-insight/writing/band/200

UNDERSTANDING THE MAP | [RZAULLISTVE 22N e | e MATHEMATICS WRITING SN

, s mad | ,4. . «.—---4 - _-—r ! > bt St Bt

B3 i 25

| :g.,T ,,, -go 40 ; soo-sso 600-690

s

&t — = -4 3-. A--

CRITICAL READING SKILLGROUPS: 1 23 45
1. Determining the Meaning of Words

Academic Skills Suggestions for Improvement >>

A typical student in this score band can do the following: To advance to a higher score band, focus on the following skills:

@ SKILL 1: Use the context of a sentence or larger section P As you read a text about a topic with which you are
of text to determine the meaning of unknown words or to unfamiliar, look for words that you know to help you
differentiate among multiple possible meanings of words determine what any unknown words might mean

@ SKILL 2: Understand how syntax (the arrangement of “W» When you encounter an unknown word or difficult
words and phrases in a sentence) influences the word in your reading, look it up in a dictionary that
relationship among words and ideas within a sentence provides information on the word's origins and history

@ SKILL 3: Demonstrate increased comprehension of W When you encounter a difficult section of text in your
specialized vocabulary. reading, break down the ideas in it sentence by

sentence and even within sentences. Think about
how the ideas work together

Skill Examples

s e, A Y s € 1 < S U Iy o e W e e L L\

e el . B ey ( ) N T e Yy P AN TR Y U L SV R RN ¢ 2 A& EER Xy, Fary” O P
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#8 Communication

Executive National Overall Average Mathematics Proficiency and Achievement Levels,
Summary Report Grades 4, 8, and 12

Percentage of Students At or Above

Percentage

Grades Assessment Average

Years Proficiency = Advanced Profijcient Bagic Below Basic

i+ 1992 | 218{0.7)= 2(0.3) 61{1.0)>= | 39(L0)k
1990 213(0.9) 1(0-4) 54(1.4) 46(1.4)

8 | 1992 | 268(0.9)= 4{0.4) 25(1.0)= 63(L1)> | 3Ll
1990 263(1.3) 2(0.4) 20(1.1) S8(1.4) 42(1.4)

| S 1992 | 299{0.9)= 2(0.3) 16{0.9) 64(1.2)> | 36(1.2)=
1990 294(1.1) 2(0.3) 13(1.00 59(1.5) 41(1.5)

= The value for 1992 was significantly higher than the value for 1990 at about the 95 percent confidence level
< The value for 1992 was significantly lower than the value for 1990 at about the 95 percent confidence
level. The standard errors of the estimated percentages and proficencies appear in parentheses. It can be
said with 95 percent confidence that for each population of interest, the value for the whole population is
within plus or minus two standard errors of the esimate for the sample. In comparing two estimates, one
must use the standard error of the difference (see Appendix for details).

When asked what the 18% in line 1 meant,

53% of the policy makers responded incorrectly
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#8 Communication

¥ National Assessment of Educational Progress (NAEP)

NAEP

Publications & Products

Search NAEP

I -

NAEP Home

NAEP Overview

Information for ...

Main NAEP
Assessments

Long-Term Trend
Assessments

High School Transcript
Study

National Indian
Education Study

Other Studies

Sample Questions,
Analyze Data, and
More

Glossary

Site Index

Frequently Asked
Questions

Help

“t*““ 12%
g1 5% Trends in
Academic
Progress is
here!

pemm— b
f 15%

gttt o

B RTTRARARRE" "

The National Assessment of Educational Progress (NAEP)
is the largest nationally representative and continuing
assessment of what America's students know and can do in
various subject areas. Learn more_.

In the Spotlight

o wsaw Try a sample TEL task!

Our upcoming Technology and Engineering

Literacy assessment includes interactive
scenario-based tasks.

NAEP Results on Your Smartphone!

Mavs: avnilahla far davmland thraiinh tha Annla

Staff | Data Tools = 1

J | National Assessment of Educational Progress (NAEP)

NAEP

Publications & Products

Search NAEP

I

NAEP Home
NAEP Overview

Information for ...

Staff | Data Tools

MAEP Website Tools and Applications

= Join NewsFlash Contact NAEP

u o Like o Tweet 4 Email

The NAEF website features a number of applications designed to give users quick and easy access to
questions from previous assessments, performance comparisons. and NAEP assessment data for quick
or complex analyses: read a brochure, NAEP Tools on the Web (1107K PDE). describing the tools.

See more information about each tool below. and print Quick Reference Guides if you are a new user.

Main NAEP
Assessments

Long-Term Trend
Assessments

Data Explorer >

Analyze NAEP data and
N create tables and graphics.

High School Transcript
Study

National Indian
Education Study
Other Studies
Sample Questions,

Analyze Data, and
More

-~ NAEP Data Explorer
- NAEP Questions
Tool

+

Item Maps

State Comparisons
Tool

State Profiles
District Profiles

A

A

A

= Test Yourself

The MAEP Data Explorer (NDE) creates customizable tables
and graphics to display MAEP results. Watch a short video
about the MDE; use the Quick Reference Guide (595K BDFE).
Learn about NDE features from the tutorial or access Help from
every page. The |nternational Data Explorer (IDE). a new taol
that is an offshoot of the NDE. compares assessment results of
our nation's students with those of students from other nations.

N Questions Tool >

Search, sort, and print
sample NAEP questions.

The NAEP Questions Tool (NQT) provides access to over 2000
released questions from NAEP assessments in all NAEP
subject areas. See students’ actual answers to constructed-
response guestions. with scoring comments. Bookmark
questions for later use. Watch the short video showing the
features of NQT and how to use them, then learn details from
the tutorial and the Quick Reference Guide (553K

PDF). Investigate the "What can | do here?” link and the Help
button that are on every page.

\ Item Maps >

See what students at each
achievement level are

\ likely to know and can do.

ltem Maps help to illustrate the knowledge and skills
demonstrated by students performing at different scale scores
on NAEP assessments. Explore performance information about
student groups by state. See the Quick Reference Guide
(1,126K BDF} to learn about using ltem Maps!

http://nces.ed.gov/nationsreportcard/itemmaps/index.asp
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#8 Communication

| 7 US Map - Google Chrome

[ nces.ed.gov/nationsreportcard/NDEGraphicsGenerator/scmaphost.aspx ?TableID= 18066

Howver over the map to see how the zelected state performs compared to the others and the nation. Click on a state to make it the zelected state.

I Average scale scores for all students [TOTAL] = All students, 2011 | v J [ pone |

Mathematics, grade 4
Difference in average scale scores between jurisdictions, for all students [TOTAL] = All students

2011
[ Grayscale | The average scale score in Massachusetts (253) is higher than National public (240).
[ -
| T National li
;\lé’m 71 . . ational public
fo——dN  MT

/ or { L
f / Ay
I }rn ; _If oy

{\ﬁ‘ II NV / T

) District of Columbia

@
(] DoDEA

Focal stateljurisdiction

Has a higher average scale score than the focal statefjurisdiction
Is not significantly differant from the focal stabedjurisdiction

Has a lower average scale score than the focal state/jurisdiction
Sample size is insufficient to provide a eliable estimats

CEoEn

NOTE: DeDEA=Department of Defense Education Activity [everseas and domestic schools).
SOURCE: U.S. Department of Education, Institute of Education Sciences, Mational Center for Education Statistics, National Assessment of Educational

fjstartlilﬁ @ % [e o EJE e 9 Wﬂlﬂl

e |

EN| .
http://nces.ed.gov/nationsreportcard/itemmaps/index.asp
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#8 Communication

| 7 US Map - Google Chrome

[ nces.ed.gov/nationsreportcard/NDEGraphicsGenerator/scmaphost.aspx ?TableID= 18066

Howver over the map to see how the zelected state performs compared to the others and the nation. Click on a state to make it the zelected state. FS

I Average scale scores for all students [TOTAL] = All students, 2011 | v J [ pone |

Mathematics, grade 4

Difference in average scale scores between jurisdictions, for all students [TOTAL] = All students
2011

[ e rayscale |

[7] national public

A, -
N Ny
Ve @ oistr -
m{/ \_J District of Columbia
Ve, e .
N ® e O DoDEA
HI { B

[ Focal statefjunsdiction
[ Has a higher average scale score than the focal state/jurisdiction
[ & not significantly different from the focal statefjurisdiction
[] Has alower average scale score than the focal state/jurisdiction
[ Sample size is insufficient to provide a reliable estimate

NOTE: DeDEA=Department of Defense Education Activity [everseas and domestic schools).
SOURCE: U.S. Department of Education, Institute of Education Sciences, Mational Center for Education Statistics, National Assessment of Educational

Osart| 0|@ © (€ 0 B |l @ & « Q| e IE

http://nces.ed.gov/nationsreportcard/itemmaps/index.asp
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| 7 US Map - Google Chrome

[ nces.ed.gov/nationsreportcard/NDEGraphicsGenerator/scmaphost.aspx ?TableID= 18066

Howver over the map to see how the zelected state performs compared to the others and the nation. Click on a state to make it the zelected state.

I Average scale scores for all students [TOTAL] = All students, 2011 |« J

[ Done |

Mathematics, grade 4
Difference in average scale scores between jurisdictions, for all students [TOTAL] = All students
2011

[ Grayscale | The average scale score in California (234) is lower than National public (240).

I national public

pﬂ{ . (_\-' District of Columbia

@
(] DoDEA

Focal stateljurisdiction

Has a higher average scale score than the focal statefjurisdiction
Is not significantly differant from the focal stabedjurisdiction

Has a lower average scale score than the focal state/jurisdiction

Sample size is insufficient to provide a eliable estimats

CEoEn

NOTE: DeDEA=Department of Defense Education Activity [everseas and domestic schools).

SOURCE: U.S. Department of Education, Institute of Education Sciences, Mational Center for Education Statistics, National Assessment of Educational

Osart| 0|@ © (€ 0 B |l @ & « Q| e I

http://nces.ed.gov/nationsreportcard/itemmaps/index.asp
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| US Map - Google Chrome

[ nces.ed.gov/nationsreportcard/NDEGraphicsGenerator/scmaphost.aspx ?TablelD= 18066

Howver over the map to see how the selected state performs compared to the others and the nation. Click on a state to make it the selected state. -

I Average scale scores for all students [TOTAL] = All students, 2011 | « ] lﬂj

Mathematics, grade 4

Difference in average scale scores between jurisdictions, for all students [TOTAL] = All students
2011

[ e rayscale |

; \;‘A_.fr? — ) a [ wational public
I ;
| —

| MT
/ OR

.(\." District of Columbia

= C- DoDEA

Focal stateljurisdiction

Has a higher average scale score than the focal statefjurisdiction
Is not significantly different from the focal statedjurisdiction

Has a lower average scale score than the focal statedjurisdiction
Sample size is insufficient to provide a eliable estimats

CEoeEn

MOTE: DoDEA=Department of Defense Education Activity [overseas and domestic schools),
SOURCE: U.S. Department of Education, Institute of Education Sciences, Naticnal Center for Education Statistics, National Assessment of Educational
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Hardness versus Density

Addition of water:
. ->lower density->softer
More solids: harder , gqigs
o
Q -
3N . .
Higher airpressure:
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Higher humidity:
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z 8- \
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H Water, g g
Auxiliary blowing agent: — Ea
MeCl2 more-> lower density, softer N
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Assessing InfoQ in Practice

Rating-based assessment

1.0000

1-5 scale on each dimension:

1|Data resolution 5

2 |Data structure 4 0.7500
3|Data integration 5 1.0000
4|Temporal relevance 5 1.0000
5|Generalizability 3 0.5000
6|Chronology of data and goal 5 1.0000
7|Concept operationalization 2 0.2500
8|Communication 3 0.5000

InfoQ Score = 0.68

InfoQ Score = [d,(Y,) dy(Y,) ... dg(Yg)]¥/®

Experience from two research methods courses

— Preparing a PhD research proposal (U Ljubljana, 50 students,
g0o0.gl/f6blA)

— Post-hoc evaluation of five completed studies (CMU, 16
students, goo.gl/erNPF)
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Knowledge

O

© Goals

Information .
Quality -

Data

) Analysis
Quality

Quality
Secondary Data

- Experimental
- Observational

Primary Data
- Experimental
- Observational

Knowledge

Information Quality

InfoQ(f,X,g) = U(f(X[g))

g A specific analysis goal

X The available dataset

f An empirical analysis method

U A utility measure What
1. Data resolution How

2. Data structure

3. Data integration

4. Temporal relevance

5. Chronology of data and goal
6. Generalizability

7. Operationalization

8. Communication
67



Knowledge

Big Data

Power | Prefix " "
Pl Big Data Analytics
107 | Giga
10" | Tera
10" | Peta -
10'® | Exa OLUME
10%! | Zetta
10°* | Yotta

.;Z:gg:s 1. Data resolution
* Transactions 2.  Data structure
* Tables, files ] )
3. Data integration
4.  Temporal relevance
ig Dat 5.  Chronology of data and goal
* Batch * Stru 6. Generalizability
* Near time pstfuctured . N
* Real time * Semistructured 7. Operationalization
* All the above 8.  Communication

IntfeQ)

68
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The Theory of Applied Statistics

1. Background

1.1. Statistics as a Mathematical Discipline

1.2. The Role of Case Studies in the Development of Statistics
1.3. Main Achievements in 100 Years of Statistics
1.4. New Challenges

2. Applied Statistics as a Discipline: Some Examples
2.1. Surveys

2.2. Clinical Trials

2.3. Industrial Statistics

2.4. Quality and Reliability

2.5. Risk Analysis

Kenett, R.S. (2012) A Note on the Theory of Applied Statistics . Available at SSRN: http://ssrn.com/abstract=2171179



The Theory of Applied Statistics

3. Tools of Applied Statistics

3.1. Cognitive Science and Psychology

3.2. Concept Science and Knowledge Management

3.3. Visualization Methods, Static and Dynamic

3.4. ETL and Data warehouses

3.5. Ontologies and Unstructured Data

3.6. Statistics in Management Science and Computer Science
4. Towards a Theory of Applied Statistics

4.1. Problem Elicitation

4.2. Communicating with other Disciplines

4.3. Formulation and Presentation of Findings

4.4. Education of Statistical Concepts (not techniques)

4.5. Evaluating Impact (Practical Statistical Efficiency)

4.6. Evaluating Value Added (Information Quality)

4.7. Designing a Strategy for Expanding the Role of Statistics
(The Statistical Efficiency Conjecture and Integrated Models).



Who, how and what



Who is doing it

Certified Analytics Professional (CAP™)

BENEFITS OF CERTIFICATION

* Advances your career potential by setting you apart from the competition =

* Drives personal satisfaction of accomplishing a key career milestone In' I
* Helps improve your overall job performance by stressing continuing professional development

* Recognizes that you have invested in your analytics career by pursuing this rigorous credential
*® Boosts your salary potential by being viewed as experienced analytics professional

* Shows competence in the principles and practices of analytics

m

DOMAINS OF ANALYTICS PRACTICE
Domain  Description Weight*
| Business Problem (Question) Framing 15%
I Analytics Problem Framing 17%
Il Data 22%
IV Methodology (Approach) Selection 15%
V  Model Building 16%
VI Deployment 9%
VIl Life Cycle Management 6%
*Percentage of questions in exam 100% 79




Who is not doing it 454k

A AT
®
Guidelines for Voluntary Professional Accreditation pSth
by the American Statistical Association Aceroddiend Profcwionsl Sesiriciar

4/16/10 (revised 2/1/11)

1. Introduction

This document, approved by the ASA Board of Directors on April 16, 2010, provides the
framework for voluntary professional accreditation. Additional details for applicants are found

in “Instructions for Applicants’ document maintained on the ASA accreditation website.

pStat® accreditation is offered by the American Statistical Association as a service to those of

its members who find added value in a voluntarily obtained credential that provides recognition
by peers that they have statistical training and knowledge, have experience in applying that
expertise competently, maintain appropriate professional development, agree to abide by

ethical standards of practice, and are able to communicate effectively. Not all statisticians will

need or seek P5tat® accreditation, and the lack of PStat® accreditation should never be

construed by itself as evidence of lack of education, expertise, or competence as a statistician.
However, holders of the PStat® credential have voluntarily applied for this status, have
submitted materials that have been carefully reviewed by peers and found to be deserving of
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the credential, and must periodically undergo further review to maintain this status.






Experiment by Cole Porter

performed by Mabel Mercer, with Cy Walter and Stan Freeman

Before you leave these
portals
to meet less fortunate
mortals,
there's just one final
message | would give to
you .

You all have learned reliance
on the sacred teachings of
science,
so | hope through life you
never will decline,

In spite of philistine
defiance,
to do what all good
scientists do.

Experiment,
Make it your
motto day and
night.
Experiment,
And it will lead
you to the light.
The apple on the
top of the tree
IS never too high
to achieve.
So take an
example from
Eve
Experiment.

Be curious,
Though interfering
friends may frown.

Get furious,

At each attempt to
hold you down.
If this advice you'll
only employ,
the future can offer
you infinite joy
and merriment.
Experiment,
and you'll see.


C:/Ron Laptop/KPA/Statistics/Journals and Conferences/Hunter 4 2014/Mabel Mercer - EXPERIMENT.mp4
C:/Ron Laptop/KPA/Statistics/Journals and Conferences/Hunter 4 2014/Mabel Mercer - EXPERIMENT.mp4

Sone kaeg lessons

Statistics needs
Interactions with
other disciplines

Good problems drive
good Statistics

Teaching Statistics
requires continuous
Investments in the
learning environment

Fun should be part of
doing and learning
Statistics

Ask customers to
assess the quality of
your work
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Statistical Engineering

Definition (Hoerl and Snee): The study of how to best utilize
statistical concepts, methods, and tools and integrate them with
iInformation technology and other relevant sciences to generate
Improved results.

The NIST Statistical Engineering Division (founded 1946),
part of the NIST's Information Technology Laboratory, seeks to
contribute to research in information technology, to catalyze
scientific and industrial experimentation, and to improve
communication of research results by working collaboratively
with, and developing effective statistical methods for, NIST
scientists and our partners in industry.
http://www.nist.gov/itl/sed/



http://www.nist.gov/itl/sed/

The Theory of Applied Statistics
(The Trilogy)

* Develop models with a
life cycle view

* Design methodology for assessing

impact o

* Improve the generation of

knowledge o
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lam a
statistician




Thank you for your attention
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