International Indian Statistical Association

Welcome
The International Indian Statistical Association (IISA) and the Department of
Statistics at Oregon State University warmly welcome you to the 2016 IISA
Conference, “Statistical and Data Sciences: A Key to Healthy People, Planet and
Prosperity” in Corvallis, Oregon.
Thank you for joining us at this international gathering of statistics professionals
from across multiple industries and disciplines in education, research, industry
and business. We hope this year’s conference fosters a deep exchange of
information and stimulates collaboration between countries, among national
and international organizations and across disciplines in order to strengthen the
statistical and data sciences.
We are especially delighted to welcome all of the young statisticians and hope
that you make the most of your time at IISA 2016 and establish meaningful
connections.
Green and beautiful, Corvallis was voted the #1 eco-friendly small city and offers
easy access to the breathtaking Pacific Coast, mountains and the Willamette
Valley with its world-renowned wineries as well as many delicious farm-totable local restaurants. The warm temperate climate and tranquil college town
atmosphere should make for a memorable visit and conference.
Welcome to what we expect to be a wonderful conference as we all work
together to promote education, research and the application of statistics and
probability throughout the world.

Welcome to 2016 IISA!
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Amarjot Kaur
Welcome to the 2016 International Indian Statistical Association (IISA)
Conference on Statistical and Data Sciences: A Key to Healthy People, Planet
and Prosperity. This conference brings together statisticians across the world
to discuss the latest statistical developments and challenges across academia,
industry, government, and research institutes. We are expecting more than 200
statisticians to participate this year.
The program committee worked relentlessly to put together an excellent
program for the conference that includes four short courses, two plenary talks,
four keynote presentations, two memorial sessions, more than 60 invited
sessions and much more. Panel discussions will feature topics such as career
development, women in statistics, and statistical collaborations. There are also
competitions for Young Researchers Awards and Student Paper Awards.
On behalf of the IISA Executive Committee, I want to express my thanks to the
Statistics Department and Oregon State University for providing this beautiful
venue for our conference. Our sincerest thanks to the Local Organizing
Committee for their diligent efforts to make this conference happen—we
couldn’t have done without you! We are grateful to the sponsors who provided
support and encouragement for the conference, including an NSF grant
supporting young researchers, students, and statisticians belonging to minority
groups. Our deepest appreciation also goes to other statistical organizations for
their collaborative spirit, including the American Statistical Association (ASA)
for their financial contributions and general support, the Korean International
Statistical Society (KISS) and the International Chinese Statistical Association
(ICSA) for co-sponsoring invited sessions.
IISA is a non-profit organization and its objectives are to promote the field of
statistics and to serve the need of statisticians through information exchange
and education; foster collaboration across various statistical organizations to
nurture the need of young statisticians; and move forward the field of statistics.
IISA membership is open to all individuals in all statistics-related areas. We
encourage you to join and support IISA. Simply go to the membership link on our
website: www.intindstat.org.
Thank you for being part of this IISA conference. I wish you all a productive and
enjoyable time at the conference.

Amarjot Kaur

President, International Indian Statistical Association
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Sastry G. Pantula
Welcome IISA 2016 attendees!
We are delighted to welcome you to the 2016 IISA Conference at Oregon State
University and the College of Science! We appreciate you making the time to
visit us and trust our hospitality.
No conference can happen without the hard work of many people, including
the IISA Executive, Advisory, Program and Local Organizing Committees. Much
work has gone into organizing this event, and I want to thank Subrata Kundu and
Debashis Mondal for tirelessly leading the conference planning committee, the
other committee members and faculty, staff and students in our Department of
Statistics, and our dedicated staff in the College of Science who invested so much
time and energy into creating this engaging and inspiring program for you. Thanks
to everyone for bringing together statisticians from around the world and across
all sciences, industry, government, and academia. There is unity in diversity!
The conference presents a wonderful opportunity to spark new ideas, highlight
best and emerging practices, explore difficult questions, and connect with a
broader global network of professionals committed to making a meaningful
impact. IISA 2016’s theme of Statistical and Data Sciences: A Key to a Healthy
People, Planet and Prosperity serves as an excellent platform for these
opportunities. The theme aligns very well with our mission. I welcome all of the
presenters and attendees and know that our diverse ideas and perspectives will
lead to a lively, productive and memorable conference.
I hope you enjoy our beautiful campus, and especially the new Learning
Innovation Center, a facility that offers a technology-rich learning environment,
state-of-the-art classrooms, collaborative learning environments, and informal
learning space throughout the building. It is a hub for building leaders in science.
Please make the most of your time here in the next few days by absorbing new
ideas and by renewing friendships and professional connections while building
new ones. We look forward to a long-term relationship with all of you and with
our growing Department of Statistics. Take some time to explore our wonderful
city, named #4 most innovative city in the nation, #3 best college town, #2
most educated city, and with your help, we strive to be the #1 destination of
choice for excellence, diversity and harmony.
Thanks again to the IISA leadership for their guidance and support and to many
across Oregon State who have graciously helped in both big and small ways.
Welcome to Beaver Nation and I wish you all a wonderful and productive conference!

Sastry G. Pantula

Dean, College of Science, Oregon State University
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Program sponsors
Thank you for your generous support of the
statistical and data sciences.
National Science Foundation seeks to advance the progress of
science by funding proposals for research and education made by
scientists and engineers.
Merck is a global healthcare company that delivers innovative
health solutions through its prescription medicines, vaccines,
biologic therapies, and animal health products.
TEOCO is the leading provider of Engineering, Assurance and
Analytics solutions to communication service providers (CSPs)
worldwide. TEOCO is headquartered in Virginia and has 27 regional
offices spread across six continents.
Cytel is a multinational statistical software developer and contract
research organization, headquartered in Cambridge, Massachusetts.
American Statistical Association is the world’s largest community
of statisticians. The ASA supports excellence in the development,
application, and dissemination of statistical science through
meetings, publications, membership services, education,
accreditation and advocacy.
GCE Solutions is a contract research organization (CRO) serving in
the biometrics function. Founded in 2006, it caters to the needs
of clients in pharmaceutical, biotechnology and medical device
industries on therapeutic areas and different aspects of clinical trials.

ELSEVIER is a world-leading provider of information solutions
that enhance the performance of science, health and technology
professionals. It provides information databases and published over
2,500 journals and more than 33,000 book titles.
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Program sponsors
Thank you for your generous support of the
statistical and data sciences.
SAS is the largest market shareholder in advanced analytics and
develops software for multivariate analyses, business intelligence,
data management and predictive analytics.
Home to the life, statistical, physical and mathematical sciences,
the Oregon State University College of Science is a vibrant scientific
community committed to expanding the nation’s intellectual
capital and preparing a scientifically literate public. The College is
recognized as a national and global center for excellence in research
and scholarship.
Oregon State University's Division of International Programs
provides leadership for Oregon State's internationalization efforts,
supports incoming and outgoing delegations, manages international
partnerships and agreements, and cultivates global engagement.
Oregon State University Ecampus offers 40+ accredited online
degrees, undergraduate and graduate, including Natural Resources,
Environmental Sciences, Economics and Fisheries and Wildlife.
ICSA: The International Chinese Statistical Association promotes the
theory and application of statistical disciplines through scholarly
activities, including publication of journals in statistics and
probability, scientific meetings and other educational programs.
KISS: Korean International Statistical Society promotes the theory
and application of statistical disciplines and works to advance
statistics in all areas of society, including industry and government.
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Plenary Talks
PLENARY TALK 1
Friday, August 19

Some societal high impact studies
from statistics on manifolds
Kanti Mardia, University of Leeds and University of
Oxford, UK
There have been ongoing modern developments
in statistics on manifold, especially in directional
data analysis and shape analysis, motivated by
some challenging applications. The aim of this talk
is to provide three case studies demonstrating the
effective use of statistics on manifold in health
and medical science which have come through
my international, industrial and interdisciplinary
collaborations.
My first case study is concerned with saving lives
by analysing the shape of the brain. Specifically, our
methods have been used on brain images to assess
the extent of brain damage in people suffering from
fetal alcohol spectrum disorders (FASD) and in turn
our assessments have been used in court cases
related to the death penalty for murderers, as well
as to eligibility for state social benefits for babies.
This work is having a very high societal impact.
(Mardia, K.V. et al. (2013) Alcohol, babies and the
death penalty: Saving lives by analysing the shape
of the brain. Significance, Vol 10.)

doctors on analysing 4-D images related to cleft
lip reconstructive surgery and I will describe its
potential also to be of societal impact.
One of the aims of these case studies is to highlight
that statistics has really no boundaries, and that
interdisciplinary research could be like planting
a mango tree which takes a long time to fruit.
Such research of high impact has a much broader
vision. (Mardia, K.V. and Gilks, W. (2005) Meeting
the Statistical Needs of 21st-century Science.
Significance, Vol 2). Einstein once gave a warning
about a fairly well-known physicist engaged in
incremental research: “He strikes me as a man who
looks for the thinnest spot in a board and then bores
as many holes as possible through it”.

Secondly, I will also briefly describe other case
studies related to drug discovery which was
initiated from a protein structure prediction
problem (Boomsma, W., Mardia, K.V., et al. (2008)
A generative, probabilistic model of local protein
structure. PNAS, Vol.105).
Lastly, I am working currently with medical
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Plenary Talks
PLENARY TALK 2
Saturday, August 20

Statistical paradises and
paradoxes in big data
Xiao-Li Meng, Harvard University
Statisticians are increasingly posed seemingly
paradoxical questions, challenging our
qualifications for entering the statistical paradises
created by Big Data.

samples, with the second question we seek a
primary inference resolution, that is, a sensible
bias-variance tradeoff to form populations for
approximating individuals. Theoretical links between
optimal resolution and sparsity will be discussed.

Two such questions represent the use of Big
Data for population inferences and individualized
predictions: (1) “Which one should I trust: a 1%
survey with 60% response rate or a self-reported
administrative dataset covering 80% of the
population?” and (2) “Personalized treatments -that sounds heavenly, but where on earth did they
find the right guinea pig for me?”
Investigating the first question reveals a Big Data
Paradox: the bigger the data, the more certain
we will miss our target. We need data-quality
indexes, not merely quantitative sizes, to answer
the question: a seemingly tiny self-reporting bias
will make an on-line database with 160,000,000
entries equivalent to a simple random sample of
400 for estimating population averages. The second
question is fundamentally yoked to the familiar
Simpson's Paradox: how do we ensure that the level
of aggregation (i.e., data resolution) does not alter
our (treatment) conclusions?
A multi-resolution framework, inspired by wavelets,
provides a theoretical platform for studying
statistical evidence for predicting individual
outcomes. In contrast to the first question, where
the goal is to infer population quantities from
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Keynote Talks
KEYNOTE SESSION 1
Friday, August 19

Advances in p-value based
multiple test procedures
Ajit Tamhane, Northwestern University
Practitioners commonly use p-value based multiple
test procedures because of their simplicity and lack
of reliance on strong distributional assumptions.
They have been around for a long time starting with
the Bonferroni procedure and its improvements
such as the Holm, Hochberg and Hommel
procedures. We will first review these procedures
and two methods, namely the Simes test and the
closure method, that are used to derive them. Next
we will review more recent developments that
further improve upon these procedures and also
address the problem of simultaneous confidence
intervals associated with p-value based procedures.

And third, Bayesian threshold probabilities for
clinically meaningful effects as well as predictive
probabilities for relevant success criteria help to
improve decision making in drug development.
The Bayesian approach extends the conventional
statistical paradigm, but it comes with challenges.
Some of these challenges will be discussed, and
recommendations will be provided.

The use of Bayesian methods in
oncology drug development
Kannan Natarajan, Novartis Pharmaceuticals
The Bayesian approach to statistics offers a
flexible framework for combining different sources
of information as well as quantifying relevant
metrics in clinical trials. Three main areas of
applications where the Bayesian approach has
shown considerable value are discussed. First,
Bayesian adaptive designs for Phase I cancer trials
are used as a standard in our company. Second,
the use of historical information (typically for
control groups) in the design and analysis of phase
I and phase II trials is attractive because it allows
for smaller trials due to inclusion of external data.
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Keynote Talks
KEYNOTE SESSION 2
Saturday, August 20

The statistician as a civic scientist
Kathy Ensor, Rice University
Statistics has a long and rich history of contributions
to the advancement of human kind. Today the
contributions from modern statistics are truly
amazing. Many aspects of our day-to-day lives have
benefited from statistics and statistical thinking. As
technology improves our ability to handle massive
amounts of data in an expeditious fashion, we
still must take care with key issues of statistical
inference. Issues such as the representativeness of
the data and the methods use to summarize and
infer from the data remain much the same.

regression modelling is that typically two models, a
mean outcome model and a propensity score model,
are fit to the data, and these models play different
roles in the causal modeling process.
In this talk, we will describe methodologies for
addressing questions (1) and (2). The first will be
based on what we term a “predictive LASSO” and
involves ideas from the missing data literature. For
question (2), we will develop a kernel machine-based
approach to confounder adjustment that reveals the
utility of probability metrics as a tool for evaluating
covariate balance in causal inference problems.
We will also describe an approach using dimension
reduction methodology for causal effect estimation.

I will bring forward examples from a range of
experiences demonstrating how using modern
statistical well, can truly add value to the
appropriate questions. Through these examples, I
will also demonstrate the importance of scientific
leadership when addressing the challenges of today.

Machine learning methods and
their applications to causal
inference
Debashis Ghosh, University of Colorado Anschutz
Medical Campus
In many observational data settings, there has been
tremendous recent interest in trying to estimate
causal effects. Two natural questions that arise
involve (1) how to conduct model selection in this
setting and (2) how to adjust for confounders. What
makes the first question nonstandard relative to
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Memorial Talks
M1: PETER HALL
MEMORIAL SESSION
Sessions 1B

Peter Hall: Some reminisces
Tapabrata Maiti, Michigan State University

Peter Hall: Recollections and
inspirations
Iain Johnstone, Stanford University
A brief review of Peter Hall's biography, and of a
fraction of his vast contributions is followed by
some personal connections and recollections. In
keeping with other remembrances of Peter this
year, I will then discuss briefly some of my current
work; specifically on estimating the aspects of
spectrum of large variance component matrices
such as arise in quantitative genetics.

Peter Hall’s contributions to higher
order asymptotics and its impacts
Soumen Lahiri, North Carolina State University
This talk will cover a selected review of some of Peter
Hall's profound contributions to asymptotic theory of
statistical inference and resampling methods, some
reminiscences of my association with Peter, and a
recent work on Bartlett correction of Block Empirical
Likelihood inspired by Peter's work.
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Memorial Talks
M2: EMANUEL PARZEN
MEMORIAL SESSION
Sessions 2B

Applications of distance
correlation to time series
Richard Davis, Columbia University
The first part of this talk will review some of Manny
Parzen’s contributions to forecasting. In particular,
we discuss and illustrate his two phase approach
consisting of memory shortening and ARMA
fitting. After this brief excursion, we then consider
estimating dependence in time series models using
the empirical characteristic function.
The use of empirical characteristic functions for
inference problems, including estimation in some
special parametric settings and testing for goodness
of fit, has a long history dating back to the 70s
(see for example, Feuerverger and Mureika (1977),
and Csorgo (1981)). More recently, there has been
renewed interest in using empirical characteristic
functions in other inference settings. The distance
covariance and correlation, developed by Szekely
and Rizzo (2007) for measuring dependence and
testing independence between two random vectors,
are perhaps the best known illustrations of this.
We apply these ideas to stationary univariate and
multivariate time series to measure lagged autoand cross-dependence in a time series. Assuming
strong mixing, we establish the relevant asymptotic
theory for the empirical auto- and cross-distance
correlation functions.

limit distribution of the empirical adcf can differ
markedly from the corresponding one for an i.i.d.
sequence. We illustrate the use of the empirical adcf
for testing dependence and cross-dependence of
time series in a variety of different contexts. This is
joint work with Muneya Matsui (Nanzan University),
Thomas Mikosch (University of Copenhagen) and
Phyllis Wan (Columbia University).

Nonparametric data science
Deep Mukhopadhyay, Temple University
Data Science is ubiquitous in the era where “we
measure everything." It has touched virtually
every academic discipline, government, and
industry. Despite these developments and decades
of research, several open problems remain. One
such questions is: what are the fundamental
building blocks of statistical learning that allow for
a systematic and unified approach towards data
modeling (the foundation of data science)? Can
we hope that such a Theory of Data Science (ToDS)
exists? Despite past skepticism, recently there has
been substantial progress (Mukhopadhyay and
Parzen, 2014a, Parzen and Mukhopadhyay, 2013 c,
b, a) that strongly suggests the existence of such
a theory. In this lecture, I will introduce this new
frontier of research.

We also apply the auto-distance correlation
function (adcf) to the residuals of an autoregressive
processes as a test of goodness of fit. Under the
null that an autoregressive model is true, the
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Panels
P1: PANEL ON CAREER
DEVELOPMENT SKILLSETS FOR
A SUCCESSFUL STATISTICIAN
Sessions 1A
Moderator: Amarjot Kaur, IISA president and
Executive Director, Merck & Co
Panelists:

Mousumi Banerjee

Professor, University of Michigan

Susmita Datta

Professor, University of Florida

John Eltinge

Associate Commissioner, Bureau of Labor Statistics

Lisa Lupinacci

Associate Vice President, Late Development
Statistics, Merck & Co., Inc.

In today’s cross functional research environment,
early careerists need skills and strategies to position
themselves for the future. You have the freedom
to create a career path that links your talents
and interests. A career path can have different
directions in academia or industry. But no job
comes with a life time guarantee, and flexibility
is important. To achieve upward mobility in your
career, you must constantly reinvent yourself.
Learn from your peers the necessary steps to take
your career path to the next level. This panel will
focus on nuts-and- bolts of career planning for
early careerists. The panel will consist of eminent
leaders from academia, industry and government.
The program will begin with brief opening remarks by
the moderator, followed by remarks from panelists.
The panelists will reflect on some specific questions
related to early career development. The program
will conclude with a question and answer session.

Sastry G. Pantula

Dean, College of Science, Oregon State University

Shanthi Sethuraman
Eli Lilly and Company

Ram Tiwari

Director, Division of Biostatistics, FDA
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Panels
P2: PANEL ON STATISTICAL
COLLABORATIONS ACROSS
ORGANIZATIONS—A STEP IN
THE RIGHT DIRECTION
Sessions 1C
Moderator: Satrajit Roychoudhury, Director of
Biostatistics, Novartis Pharmaceuticals
Panelists:

Richard Davis
Columbia University

Dongseok Choi

Oregon Health and Science University

Ram Tiwari

Center for Devices and Radiological Health, Food
and Drug Administration

Amarjot Kaur

IISA, Merck & Co., Inc

Nandini Kannan

Program Director, Division of Mathematical
Sciences, National Science Foundation

With an increasing focus on inter-disciplinary
research in today’s environment, there is a natural
impetus for statisticians to collaborate and partner
with different groups to make an impact of their
work. A meaningful collaboration not only provides
professional enrichment but also allows for an
intellectual exchange that is necessary for solving
problems of the 21 st century and in creating
awareness of our field. There are many common
threads across different statistical associations and
institutions (academia, government, or industry)
that can guide the efforts and provide a basis for
collaborative efforts.
This panel will have diverse experiences and consist
of eminent leaders representing different statistical
organizations as well as leaders from academia,
industry and government. The panelists will share
their view on the current state, challenges, and
future opportunities entailing global statistical
collaborations. We believe this discussion will be
extremely valuable to statisticians across diverse
areas of statistical practice including to those for
whom collaborations may not be common and to
those for whom collaboration is already in place.
The session will begin with brief opening remarks by
the moderator, followed by remarks from panelists.
The panelist will reflect on some specific questions
related to professional collaborations.
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Special Sessions
SIP 1: WOMEN IN STATISTICS
Sessions 2A

Amanda L. Golbeck

Professor and Associate Dean, Fay W. Boozman
College of Public Health, University of Arkansas for
Medical Sciences

Lisa Lupinacci

Associate Vice President, Late Development Statistics,
Merck & Co. Inc.

Bhramar Mukherjee

Professor and Associate Chair, Department of
Biostatistics, University of Michigan School of
Public Health
This session on Women in Statistics will feature
presentations on leadership and women in
statistics, and the experience of women in: a
statistics department in the pharmaceutical
industry, a biostatistics department in a university,
and a statistics department in a government
agency, with respect to representation,
advancement, recruitment, training, experiences
and personal stories. The session will conclude
with a lively, open question-and-answer period
including all speakers as panelists.
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Special Sessions
SIP 2: YOUNG RESEARCHERS
SESSION
Sessions 2A

Ground state energy in the
spherical mixed p-spin model
Arnab Sen, University of Minnesota
In this talk, we will discuss some new developments
in the spherical mixed p-spin model. We will show
a new variational formula for its ground state
energy. We will also present results concerning the
fluctuation properties for the ground state energy
and its chaotic behavior under a small perturbations
of the disorder. (Joint work with Wei-Kuo Chen)

A new perspective on boosting
in linear regression via modern
optimization
Rahul Mazumder, Massachusetts Institute
of Technology
Boosting is one of the most powerful and popular
tools in machine learning/ statistics that is widely
used in practice. They work extremely well in a
variety of applications. However little is known
about many of the statistical and computational
properties of the algorithm, and in particular their
interplay. We analyze boosting algorithms in linear
regression from the perspective modern first-order
methods in convex optimization. We show that
classic boosting algorithms in linear regression,
namely the incremental forward stagewise
algorithm (FSe) and least squares boosting (LSBoost-e), can be viewed as subgradient descent
to minimize the maximum absolute correlation
between features and residuals. We also propose

a modification of FSe that yields an algorithm for
the LASSO, and that computes the LASSO path.
We derive novel comprehensive computational
guarantees for all of these boosting algorithms,
which provide, for the first time, a precise
theoretical description of the amount of datafidelity and regularization imparted by running a
boosting algorithm with a pre-specified learning
rate for a fixed but arbitrary number of iterations,
for any dataset.

On mixed memberships and
matrix factorization
Purnamrita Sarkar, University of Texas, Austin
Almost in all real world networks, nodes have
memberships to multiple communities; however
in the related literature, the focus has largely been
on mutually exclusive clusters. I will talk about a
simple matrix factorization type idea for overlapping
clusters. This has been used a lot in practice, but
without any theoretical guarantees. I will propose
an algorithm that is scalable, can be implemented
easily, and is consistent. This is joint work with
Xueyu Mao and Deepayan Chakrabarti at UT Austin.
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Student Paper Competition
Inference for respondent driven
sampling with misclassification

Perturbation bootstrap in
adaptive lasso

Isabelle Beaudry, University of Massachusetts
Amherst

Debraj Das, North Carolina State University

Respondent-driven sampling (RDS) is a sampling
method designed to study hard-to-reach human
populations. Beginning with a convenience sample,
each participant receives a small number of
coupons, which they distribute to their contacts
who become eligible. RDS participants are asked
to report on their number of contacts in the target
population. Also, a set of characteristics is observed
for each participant. Current prevalence estimators
assume that these attributes are measured
accurately. However, ignoring misclassification may
lead to biased estimates.
The main contribution of this paper is to discuss two
approaches to correct for the bias introduced by
the misclassification on nodal attributes for existing
RDS estimators. Most importantly, our analysis
identifies circumstances for which the performance
of the correction methods is impaired in the
specific context of RDS. The two methods that are
discussed are an analytical correction for estimators
of the Hájek estimator style and the Simulation
Extrapolation Misclassification (SIMEX MC) approach.
Extended methodology to estimate the uncertainty
of the corrected estimators is also presented. The
performance of the proposed methods is assessed
under varying levels of known or estimated
misclassification error across simulated social
networks of varying features. Finally, the methods
are used to estimate HIV prevalence among people
who inject drugs (PWID) and men who have sex
with men (MSM) in India.

Adaptive LASSO (ALASSO) was proposed by Zou
[J. Amer. Statist. Assoc. 101 (2006) 1418-1429]
as an advancement of LASSO for the purpose of
simultaneous variable selection and estimation
of the regression parameters. Zou (2006) also
established its oracle property. Minnier, Tian and
Cai [J. Amer. Statist. Assoc. 106 (2011) 1371-1382]
proposed a perturbation resampling-based (or
Perturbation Bootstrap) method to approximate
the distribution of ALASSO estimator in fixed
dimensional set-up.
In this paper, it is shown that the naive way of
perturbation is not good enough to approximate
the distribution of ALASSO estimator, refuting
the results of Minnier, Tian and Cai (2011). We
propose a modified perturbation bootstrap method
in ALASSO which corrects this problem even
when the dimension of the parameter may grow
to infinity with sample size. Also, we show that
a suitable studentized version of perturbation
bootstrapped ALASSO estimator achieves second
order correctness, even in higher dimension. As
a consequence, inferences based on perturbation
bootstrap will be more accurate than the inferences
made based on the oracle normal approximation. A
moderate simulation study justifies our findings in
finite samples.
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Student Paper Competition
Modeling tangential vector fields
on the sphere
Minjie Fan, University of California, Davis
Physical processes that manifest as tangential
vector fields on a sphere are common in
geophysical and environmental sciences. These
naturally occurring vector fields are often subject
to physical constraints, such as being curl-free,
or divergence-free. We introduce a new class of
parametric models for cross-covariance functions
of curl-free and divergence-free vector fields that
are tangential to the sphere. These models are
constructed by applying the surface gradient or the
surface curl operator to scalar random potential
fields defined on the sphere.
We propose a likelihood-based estimation
procedure for the model parameters and show
that fast computation is possible even for large
data sets when the observations are on a regular
grid. The characteristics and utility of the proposed
methodology are illustrated through simulations
and by applying it t an ocean surface wind
velocity data set collected through satellite-based
scatterometry remote sensing. We also compare
the performance of the proposed model with a class
of bivariate Matérn models in terms of estimation
and prediction, and demonstrate that the proposed
model is superior in capturing certain physical
characteristics of the wind fields.

A model selection criterion for
regression estimators based on
data depth
Subhabrata Majumdar, University of Minnesota
We introduce a one-step model selection technique
for general regression estimators to provide

a solution to the problem of statistical model
selection. Under very general assumptions, this
technique correctly identifies the set of nonzero values in the true coefficient (of length p) by
comparing only p + 1 models.
We start by defining our selection criterion for a
class of candidate models larger than considered
before, and providing population-level results that
differentiate between correct and wrong models
within this class. After this we provide results for a
general bootstrap scheme to estimate the criterion
in a sample setup, and discuss its details for linear
and linear mixed models. Simulations and a real
data example demonstrate the efficacy of our
method over existing model selection strategies in
terms of detecting the correct set of predictors as
well as accurate out-of-sample predictions. At the
end we also discuss some immediate applications
and possible extensions of this foundational
methodology.

First order probabilities for
Galton-Watson trees
Moumanti Podder, Courant Institute of
Mathematical Sciences, New York University
In the regime of Galton-Watson trees, first order
logic statements are roughly equivalent to
examining the presence of specific finite subtrees.
We consider the space of all trees with Poisson
offspring distribution and show that such finite
subtrees will be almost surely present when the tree
is infinite. Introducing the notion of universal trees,
we show that all first order sentences of quantifier
depth k depend only on local neighborhoods of the
root of sufficiently large radius depending on k. We
compute the probabilities of these neighborhoods
conditioned on the tree being infinite. We give an
almost sure theory for infinite trees.
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Bayesian predictive analysis of
daily precipitation data in the
Missouri River Basin
Sai Kumar Popuri, University of Maryland, Baltimore
County
This paper develops a posterior predictive
distribution for a standard Tobit model for semicontinuous data. We show that the posterior
predictive distribution of a semi-continuous
random variable is also semi-continuous. A
procedure to numerically evaluate the posterior
distribution using data augmentation, and Gibbs
sampling is provided. We apply the procedure
to the daily precipitation data at a location in
the upper MRB region to generate predictions of
daily rainfall, which are often required as input by
several hydrological assessment studies. Historical
simulated data by MIROC5, a Global Climate Model
(GCM), is used as a covariate in our data analysis.
We further compare the accuracy of our predictions
with a few existing likelihood based methods using
a risk criteria suitable for semi-continuous data.

Our main idea is to use the sample covariance
matrix of the compressed-decompressed data
as an estimator of ∑ instead of the sample
covariance matrix ∑ˆ. This is an entirely new way
of regularization compared to lq type penalties
on various functionals of the covariance. The C-D
estimator is integrated over all possible random
projections to form the final estimator of the
covariance matrix. In addition, a fully principled
way of selecting the structural dimension of the
projection is proposed using Stein’s unbiased risk
estimation theory. Experimental simulation results
demonstrate the efficacy of our method when the
underlying observations are generated from an
approximate low-dimensional structure.

Compressed covariance matrix
estimation with automated
dimension learning
Gautam Sabnis, Florida State University
Estimation of large covariance matrices from
insufficient data is one of the ubiquitous problems
in multivariate statistics and signal processing.
We propose a new approach for high dimensional
covariance matrix estimation based on a
“compression-decompression” (C-D) mechanism
by projecting the high dimensional observations
to a lower dimension to form compressed
measurements and then decompress them back to
the original dimension.
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Matched bipartite block model
with covariates
Session IP1c6
Arash Amini, Department of Statistics, University of
California, Los Angeles
Community detection or clustering is a fundamental
task in the analysis of network data. Many real
networks have a bipartite structure which makes
community detection challenging. Motivated by
an application from biology, we consider a model
which allows for matched communities in the
bipartite setting, in addition to node covariates
with information about the matching. We derive
a simple fast algorithm for fitting the model
based on variational inference ideas and show its
effectiveness in simulations. This is joint work with
Zahra Razaee and Jessica Li.

Impact of adaptive design
on pharmaceutical portfolio
optimization
Session IP2b6
Zoran Antonijevic, Amgen, Inc.
Pharmaceutical portfolios are optimized by
improved allocation of a fixed budget into individual
trials that leads to an improved value of a portfolio.
This paper investigates how flexibility of adaptive
design contributes to portfolio optimization. An
example portfolio was designed and strategies that
did or did not include trials with adaptive designs
were specified. Operating characteristics of a
traditional portfolio were compared to that of an
adaptive portfolio. Adaptive portfolios offer potential
advantages over traditional ones. Its flexibility
largely increases the number of decision points,

and as such it allows for a much more frequent reassessment of portfolios. Additionally, an adaptive
portfolio can correct itself if initial decisions were
made incorrectly. Despite all these advantages
adaptive portfolio did not outperform the traditional
portfolio. The main reason is that in this case
adaptive designs allowed for increases in sample size
to the point where improvements per unit increase
were minimal, instead of allocating this budget to
additional trials. It is therefore critical to minimize
missed opportunities to initiate new promising trials,
and to increase sample size only in regions that
promise meaningful improvements in power.

Role of statistician in
pharmaceutical industry and
recent challenges
Session IP1c4
Vipin Arora, Eli Lilly and Company
Statistician in pharmaceutical industry continues to
play a significant role in discovery and development
of new or improved treatments to help patients
with temporary or chronic conditions. The role of
statistician has shifted overtime from providing
a limited set of deliverables to the most recent
platform of taking a lead role and providing or
arranging for a variety of deliverables. In most
cases, these deliverables heavily focus on a
collaborative effort rather than the efforts by an
individual contributor. A successful statistician
therefore requires several skills in addition to
being technical, these include but not limited
to: analytical mindset to problem solving, highly
effective interpersonal communications, translating
complex deliverables into executable action
items, understanding and educating the team on
minimizing or avoiding pitfalls, prioritizing and
proactive planning, efficiency in planning and
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executing each deliverable, leveraging strengths
and limitations of team members, understanding
of regulatory landscape, the disease area and the
latest developments. A successful statistician
has therefore become a highly engaged and
leader within the development team and has the
accountability that spans across the development
and life-cycle of the new or improved treatments.
Handling, analyzing and interpreting complex data
remains a statistician's core responsibility. As an
effort to increase overall efficiency, there has been
a significant emphasis on visualization of complex
data for sharing the findings. The most recent type
of platform is interactive (rather than static). With
the technology and variety of internal and customer
questions, the time taken to respond to a question
and time available to digest complex information
has therefore become very critical. Few examples
on the visualization topic and other topics of
interests will be shared followed by a discussion.

Recurrence and transience
of random walks driven by
Pólya urns
Session IP2a4
Srinivasan Balaji, George Washington University
In this talk we consider the random walk based on a
Polya urn with white and blue balls. At every instant
a ball is picked and replaced with a ball of the same
color and the random walk moves to the right or
to the left according as the color of the ball picked
being white or blue respectively. It will be shown that
such a random walk is recurrent in one dimension
and transient in two or more dimensions. Suppose
the urn contains a green ball such that whenever
the green ball is picked the walk does not move in
both directions. In this case it will be shown that the

random walk is transient even in one dimension. Nice
comparison results for related urns will be derived.

Models of self-organized criticality
Session IP2a4
Riddhipratim Basu, Department of Mathematics,
Stanford University
Random spatial processes that are driven by
themselves to a critical state without any tuning of
parameters, the so-called models of self-organized
criticality, have generated significant recent interest
in non-equilibrium statistical mechanics. Particular
models of interest in this class include fixed energy
sandpile models with stochastic updates rules such
as the Manna model. Despite precise conjectures
available from numerical and non-rigorous physics
studies, mathematical analysis of these models
have remained a major challenge. In this talk, I shall
review some recent progress in this area including a
joint work with Shirshendu Ganguly and Christopher
Hoffman, where we develop a new method for
establishing non-fixation for such systems, and apply
it to activated random walk, a family of processes
interpolating random walks to sandpile models.

Network modeling of highdimensional time series with
applications to system-wide
risk monitoring
Session IP3c3
Sumanta Basu, Cornell University
Measuring connectedness among financial
institutions is central in many aspects of
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financial economics, including system-wide risk
monitoring and identifying systemically risky
institutions. In this work, we present a unified
framework for measuring connectivity among
firms or asset classes from multivariate time
series data. The proposed framework relies on
regularized estimation of high-dimensional vector
autoregressive models (VAR), is flexible enough
to incorporate grouping and latent structures,
allows parallel implementation for large data sets
and enjoys strong theoretical guarantees under
high-dimensional setting. We apply our method
to analyze connectivity among stock returns and
volatilities of leading financial firms in the U.S.
before, during and after the financial crisis of 20072008, and show that the estimated networks can
be used to identify important systemic events and
systemically risky institutions.

USAT: A Unified Score-based
Association Test for multiple
phenotype-genotype analysis

MANOVA may not have any detection power.
We investigate the behavior of MANOVA, both
theoretically and using simulations, and derive the
conditions where MANOVA loses power. Based on
our findings, we propose a unified score-based
test statistic USAT that can perform better than
MANOVA in such situations and do almost as good
as MANOVA elsewhere. Our proposed test reports
an approximate asymptotic p-value for association
and is computationally very efficient to implement
at a GWAS level. We have studied through extensive
simulation the performance of USAT, MANOVA
and other existing approaches and demonstrated
the advantage of using the USAT approach to
detect association between a genetic variant and
multivariate phenotypes.

Comparing academia and
industry: One statistician's
experience
Session IP1c4

Session IP2c1

Neby Bekele, Gilead Sciences, Inc

Saonli Basu, University of Minnesota

In this talk, I will compare and contrast how
work in an academic research institution (MD
Anderson Cancer Center) differs from work in the
pharmaceutical industry (Gilead Sciences, Inc). I will
first discuss a typical week in academia and address
questions such as which skills are most valued as
an academic statistician and what does it mean
to be strategic in academia? I will then describe a
typical week at Gilead discuss questions such as
which skills are most valued in industry and what
does it mean to be strategic in industry. I will also
describe both the upside and downside associated
with working in academia, then compare that to
the upside and downside associated with working
in industry. I will give some criteria for determining
whether one would fit better in academia or

Genome-wide Association Studies (GWASs) for
complex diseases often collect data on multiple
correlated endo-phenotypes. Multivariate analysis
of these correlated phenotypes can improve the
power to detect genetic variants. Multivariate
analysis of variance (MANOVA) can perform such
association analysis at a GWAS level, but the
behavior of MANOVA under different trait models
have not been carefully investigated.
In this paper, we show that MANOVA is generally
very powerful for detecting association but
there are situations, such as when a genetic
variant is associated with all the traits, where
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industry. I will then give recommendations related
to attaining some level of happiness and work
satisfaction in either environment.

exhibits a trade-off between statistical power and
computational complexity between tests based on
geometric graphs and those based on data-depth.

Power of graph-based twosample tests

Regularization in nonparametric
latent variable network model
inference

Session IP3a1
Bhaswar Bhattacharya, Stanford University
Testing equality of two multivariate distributions
is a fundamental problem in statistics. Multivariate
non-parametric two-sample tests are based either
on geometric graphs constructed using inter-point
distances between the observations (multivariate
generalizations of the Wald-Wolfowitz's runs test)
or on multivariate data-depth (generalizations
of the Mann-Whitney rank test). These tests are
known to be asymptotically normal under the null
and consistent against all fixed alternatives. In this
talk, a general framework of graph-based tests will
be introduced that includes all these tests.
The asymptotic efficiency of a general graph-based
test can be derived using Le Cam's theory of local
asymptotic normality, which provides a theoretical
basis for comparing the performances of these
tests. As a consequence, it will be shown that
popular tests based on geometric graphs such as
the Friedman-Rafsky test (1979), the test based on
the K-nearest neighbor graph (1984), the minimum
matching test of Rosenbaum (2005), among
others have zero asymptotic (Pitman) efficiency
against $O(N^{-\frac{1}{2}})$ alternatives. On the
other hand, the tests based on multivariate depth
functions (the Liu-Singh rank sum statistic (1993)),
which include the Tukey depth (1975) and the
projection depth (2003), have non-zero asymptotic
efficiency; though they might be computationally
expensive when the dimension is large. This

Session IP3c4
Sharmodeep Bhattacharyya, Oregon State
University
Regularization in Nonparametric Latent Variable
Network Model Inference Analysis of stochastic
models of networks is quite important in light
of the huge influx of network data in social,
information and bio sciences. Latent variable
network models provide a general nonparametric
class of models for unlabeled random graphs. We
approximate the nonparametric class of network
models by stochastic block models and we show
that as long as fitting method of block model
satisfies certain consistency properties, we can
have consistent estimators for parameters of the
network model.
We also propose a cross-validation method using
count statistics to regularize the fitted block
models and choose the size of the block models
approximating the latent variable density. The
cross-validation method provides us with a
procedure to regularize the fitted block models
independent of the algorithm used to fit the
block model and thus can also be used to choose
number of communities in community detection
algorithms. Investigation is also done when
number of communities vary with number of
vertices. A simulation study and illustration of
inference on real networks are also provided.
(Joint work with Peter Bickel and Patrick Wolfe).
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Detecting rare haplotype
environment interaction with
complex sampling data
Session IP1c2
Swati Biswas, University of Texas at Dallas
Detecting gene-environment interactions (GXE)
with rare variants is critical in dissecting the
etiology of common diseases. Interactions with rare
haplotype variants (rHTV) are of particular interest.
At the same time, complex sampling designs,
such as stratified random sampling, are becoming
increasingly popular for designing case-control
studies, especially for recruiting controls.
The US Kidney Cancer Study (KCS) is an example,
wherein all available cases were included while
the controls at each site were randomly selected
from the population by frequency matching with
cases based on age, sex, and race. There is currently
no rHTV association method that can account for
such a complex sampling design. To fill this gap,
we consider logistic Bayesian LASSO (LBL), an
existing rHTV approach for case-control data, and
show that its model can easily accommodate the
complex sampling design. We study two extensions
that include stratifying variables either as main
effects only or with additional modeling of their
interactions with haplotypes.
We conduct extensive simulation studies to
compare the complex sampling methods with the
original LBL methods. We find that when there is
no interaction between haplotype and stratifying
variables, both extensions perform well while the
original LBL methods lead to inflated type I error
rates. However, when such an interaction exists, it
is necessary to include the interaction effect in the
model to control the type I error. Finally, we analyze
the KCS data and find a significant interaction

between (current) smoking and a specific rHTV in
the N-acetyltransferase 2 (NAT2) gene.

The Union of Intersections (UoI)
method for interpretable data
driven discovery and prediction
Session IP2c3
Kristofer Bouchard, Lawrence Berkeley National
Laboratory
The increasing size and complexity of scientific
data could dramatically enhance basic scientific
discovery and prediction for applications. Realizing
this potential requires novel statistical analysis
algorithms that are both interpretable and predictive.
We introduce the Union of Intersections (UoI)
method, a flexible, modular, and scalable paradigm
for regression and classification. UoI satisfies the
bicriteria of accurate recovery of a small number of
interpretable features while maintaining high-quality
prediction accuracy. We describe UoI and summarize
new theoretical results on its mechanics. We
evaluate UoI on synthetic and real biomedical data,
demonstrating its superior performance.
On real data, we demonstrate: extraction of
interpretable functional networks from human
electrophysiology recordings, accurate prediction
of phenotypes from genotype-phenotype data
with reduced features, and improved prediction
parsimony on several benchmark biomedical data
sets for classification. These results suggest that
UoI could improve interpretation in data-driven
discovery and prediction across scientific fields.
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Bayesian nonparametric Youden
index regression
Session IP3b5
Adam Branscum, College of Public health and
Human Sciences, Oregon State University
A novel nonparametric regression model is
developed for evaluating the covariate-specific
accuracy of a continuous biological marker. Medical
test accuracy can be measured by the probability
of testing positive for diseased individuals (the
true positive probability or sensitivity, Se(c), of the
test) and the true negative probability (specificity,
Sp(c)) of the test at cutoff c. A commonly used
summary measure of test accuracy is the Youden
index, YI=maxc{Se(c)+Sp(c)-1}. We develop a highly
flexible nonparametric model to estimate YI and
its associated optimal cutoff that can respond to
unanticipated skewness, multimodality and other
complexities because data distributions are modeled
using dependent Dirichlet process mixtures.
Important theoretical results on the support
properties of the model are presented. Inferences are
available for the covariate-specific Youden index and
its corresponding optimal cutoff threshold. The value
of our nonparametric regression model is illustrated
using a simulation study and data on the age-specific
accuracy of glucose as a biomarker of diabetes

Regression models for analyzing
inflated bivariate count data that
occur in health care.

instance, Carlin et al. (1987, Journal of Pediatrics)
present bivariate data that consists of the number
of infections in both ears of toddlers over a period of
six months.
A careful examination of the data shows that the
frequencies of (0,0) and (2,2) cells are high. The
inflation at (0,0) was due to a large number of
toddlers who were never infected in either ear.
Interestingly, pediatricians noted that (i) infections
in one ear often spread to the other ear, and (ii)
infected toddlers had a high probability of a relapse
infection at a later date. Thus, there was also an
increased frequency of (2,2) in the data. Another
example is data from the Australian health survey of
1977-78 (Cameron et al. 1988). The data consists of
bivariate count responses of the number of doctor
visits and the number of medicines prescribed.
Here there was again an inflated frequency of
(0,0) counts, as many patients did not visit their
physician and thus received no prescriptions,
but there was also an inflated frequency of (1,1)
counts, where patients saw their physician once
and had only one prescription. To analyze such data
we introduce bivariate doubly-inflated Poisson
regression models. We discuss distributional
properties, parameter estimation and goodness of
fit. This is joint work with Dr. Pooja Sengupta.

Bayesian spatio-temporal model
for monitoring & predicting
changes in forest conditions
Session IP1b3

Session IP2b7

Avishek Chakraborty, University of Arkansas

N. Rao Chaganty, Old Dominion University

The USDA Forest Service aims to monitor and
predict change in forest-conditions over large
geographic regions within the country. Whereas the
data collected from the field is few and sparse over

Bivariate count data are common in health care
studies such as twin or cross over studies. For
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a vast region, auxiliary information derived from
satellite imagery, such as greenness, wetness and
brightness, is relatively dense in space and time and
can lead to significant improvement in prediction
accuracy. However, the quality of imagery obtained
from satellites is subject to weather conditions, thus
it contains many missing values at every location.
We explore the use of Bayesian ARMA to create
a complete map of those measurements on a
monthly basis, over a period of ten years. To borrow
information across neighboring cells, we propose a
Markov random field prior on the ARMA parameters.
The resulting model offers a rich framework for
capturing association across spatial and temporal
scale. Estimation and inference from the proposed
hierarchical model is computationally intensive and
challenging so we design a novel parallelized MCMC
that can work efficiently over large regions. Postmodel fitting, snapshots of satellite imagery at any
desired time point (past or future) can be created
using posterior samples.

Standard errors, regularization
paths and selection of tuning
parameters for bayesian lassos
Session IP2c7
Sounak Chakraborty, University of MissouriColumbia
Penalized regression methods such as the lasso
and elastic net (EN) have become popular for
simultaneous variable selection and coefficient
estimation. Implementation of these methods
require selection of the penalty parameters. We
propose an empirical Bayes (EB) methodology
for selecting these tuning parameters as well
as computation of the regularization path plots.
The EB method does not suffer from the “double

shrinkage problem” of frequentist EN. Also it avoids
the difficulty of constructing an appropriate prior
on the penalty parameters. The EB methodology
is implemented by efficient importance sampling
method based on multiple Gibbs sampler chains.
Since the Markov chains underlying the Gibbs
sampler are proved to be geometrically ergodic,
Markov chain central limit theorem can be used to
provide asymptotically valid confidence band for
profiles of EN coefficients.
The practical effectiveness of our method is
illustrated by several simulation examples and three
real life case studies. Although this article considers
lasso and EN for brevity, the proposed EB method
is general and can be used to select shrinkage
parameters in other regularization methods.

Mastering feng shui in graphbased business survival prediction
Session IP2c5
Xiaohui Chang, Oregon State University
Site location is important to both the efficiency
and profitability of business activities. It is
interconnected with geographical agglomeration
that refers to the clustering of businesses in
space. To foster the survival and success of local
businesses, it is fundamental to understand the
factors that determine the business survival.
We propose a graph-based method to predict the
survival of a business. Our method accounts for both
the link-based homophily from the geographical
agglomeration but also the context-based
neighborhood information. This iterative learning
algorithm can include all available characteristics
of the businesses and be easily carried out. A largescale real-life data empirically demonstrate the
superiority of this method to others.
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On a resampling-based method
for evaluating climate model
outputs
Se ssion IP2b3
Ansu Chatterjee, University of Minnesota
Climate models typically require fast
supercomputers to obtain output over decades or
longer at high spatial and temporal resolutions.
Starting values, boundary conditions, greenhouse
gas emissions and so forth make the climate
model itself an uncertain representation of the
current climate system and, by implication, of
the future climate system. Modern observational
datasets offer opportunities for evaluation of
several competing climate models. We propose
conducting this evaluation of competing climate
models using a new probabilistic compatibility
measure based on how well a climate-model output
matches different patterns seen in observational
data. In order to obtain this score, we develop a
statistical resampling technique called the Wild
Scale-Enhanced Bootstrap. In our study, monthly
sequences of CMIP5 model output values of average
global surface temperature are compared to
similar sequences obtained from the well-known
HadCRUT4 data set. This is joint work with Amy
Braverman, Noel Cressie, and Megan Heyman.

Denoising flows on trees
Session IP2b2
Sabyasachi Chatterjee, University of Chicago
We study the estimation of flows on trees, a
structured generalization of isotonic regression.
A tree flow is defined recursively as a positive
flow value into a node that is partitioned into an

outgoing flow to the children nodes, with some
amount of the flow possibly leaking outside. We
study the behavior of the least squares estimator
for flows, and the associated minimax lower
bounds. We characterize the risk of the least
squares estimator in two regimes. In the first
regime the diameter of the tree grows at most
logarithmically with the number of nodes. In the
second regime, the tree contains long paths. The
results are compared with known risk bounds for
isotonic regression. Our analysis is based on bounds
for the suprema of Gaussian processes and covering
numbers over certain convex cones.

Detection of anomalous path in a
noisy network
Session IP1c6
Shirshendu Chatterjee, City University of New York
Consider a graph with n vertices, which is embedded
in a square lattice with nearest-neighbor edges .
Each vertex of the graph is associated with a random
variable, and these are assumed to be independent.
In this setting, we will consider the following
hypothesis testing problem. Under the null, all the
random variables have common distribution N(0,
1), while under the alternative, there is an unknown
path (with unknown initial vertex) having O(n) edges
along which the associated random variables have
distribution N(μ, 1), μ > 0, and the random variables
away from the path have distribution N(0, 1). We will
describe the values of the mean shift μ for which
one can reliably detect (in the minimax sense) the
presence of the anomalous path, and for which it is
impossible to detect.
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A two-step Metropolis Hastings
method for Bayesian empirical
likelihood computation
Session IP1c7
Sanjay Chaudhuri, National University of Singapore
Empirical likelihood has been widely applied in
Bayesian paradigm. Due to a lack of a closed form
of the resulting posterior of the parameters of
interest, any inference is based on samples drawn
from the posterior distribution, for which Markov
chain Monte Carlo (MCMC) based methods are
regularly employed. However, non-convexity of the
support of the posterior makes an efficient MCMC
algorithm extremely difficult to implement. In this
article, a two-step Metropolis-Hastings algorithm is
proposed to adapt to Bayesian empirical likelihood
methods. Our proposal is specified hierarchically,
where the proposed values of a subset of
parameters are made based on the proposed values
of the rest of the parameters and the corresponding
solution of the weights defining the empirical
likelihood. An easy extension of the proposed twostep Metropolis-Hastings algorithm is applied to
Bayesian model selection using reversible jump
Markov chain Monte Carlo sampling. Several
applications of our method are shown. This work is
joint with Yin Teng, NCS pvt. ltd.

Change-point detection for
locally dependent data
Session IP3c2

sequences. A new way of permutation, circular
block permutation with a randomized starting
point, is proposed and studied for a scan statistic
utilizing graphs representing the similarity between
observations. The proposed permutation approach
could correctly address for local dependence and
make it possible the theoretical treatments for the
non-parametric graph-based scan statistic for
locally dependent data. We derive accurate analytic
approximations to the significance of graph-based
scan statistics under the circular block permutation
framework, facilitating its application to locally
dependent multivariate or object data sequences.

Asymptotic theory for density
ridges
Session IP3c1
Yen-Chi Chen, Department of Statistics, University
of Washington
The large sample theory of estimators for density
modes is well-understood. In this talk we consider
density ridges, which are a higher-dimensional
extension of modes. Modes correspond to
zero-dimensional, local high-density regions
in point clouds. Density ridges correspond to
s-dimensional, local high-density regions in point
clouds. We derive geometric properties for density
ridges and study asymptotic behavior for ridge
estimators. We propose a valid procedure for
constructing a confidence set for density ridges
using the bootstrap. Moreover, we show some
applications in Astronomy.

Hao Chen, University of California, Davis
Local dependence is common in multivariate
and object data sequences. We consider the
testing and estimation of change-points in such
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Two projects on graphons and
blockmodels
Session IP1c6
David Choi, Carnegie Mellon University
We present approximation bounds for exploratory
co-clustering/ blockmodeling of a bipartite
network, when the rows and columns of the
data matrix are assumed to be samples from an
arbitrary population. This is equivalent to assuming
that the data is generated from a nonsmooth
graphon. Additionally, a semidefinite programming
formulation will be presented for estimation of
structured blockmodels that are not handled by
previous SDP formulations, such as non-assortative
or hierarchical classes.

Unsupervised learning with
generalized split-and-recombine
Session IP2c5
Dongseok Choi, Oregon Health and Science
University
We develop a novel unsupervised learning method,
generalized split-and-recombine (G-SAR) based
on the split-and-recombine (SAR) procedure. The
original SAR was developed for outlier detection and
later adapted to unsupervised learning. This iterative
two-step algorithm (1) splits data into homogeneous
basic sets then (2) grows these sets using a
predictive measure to test whether subsets can be
recombined. Simulation studies and applications to
real data of G-SAR will be presented and compared
to other unsupervised learning methods.

Selecting the number of principal
components: estimation of the
true rank of a noisy matrix
Session IP2b1
Yunjin Choi, Stanford University
Principal component analysis (PCA) is a wellknown tool in multivariate statistics. One significant
challenge in using PCA is the choice of the number
of principal components. In order to address this
challenge, we propose an exact distribution-based
method for hypothesis testing and construction of
confidence intervals for signals in a noisy matrix with
finite samples. Assuming Gaussian noise, we derive
exact results based on the conditional distribution of
the singular values of a Gaussian matrix by utilizing
a post-selection inference framework. In simulation
studies we find that our proposed methods compare
well to existing approaches.

Modeling and analysis of paired
functional method comparison
data
Session IP1b2
Pankaj K. Choudhary, University of Texas at Dallas
We discuss a statistical methodology for modeling
and analysis of paired functional data arising in
method comparison studies where measurements
of a continuous variable are made using two
methods of measurement on a sample of subjects.
The data are viewed as two smooth curves per
subject that are observed with noise at a common
set of discrete time points which may vary from
subject to subject. We use functional principal
components analysis within the framework of
mixed-effects models to represent each curve in
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terms of a small number of principal components.
The dependence within a subject is modeled using
common principal component scores for the curves.
Penalized splines and bootstrapping methodology
are used for inference on model parameters
and measures of similarity and agreement. The
methodology is illustrated using a core body
temperature dataset from the literature. (This is a
joint work with Lasitha N. Rathnayake).

Small effect sizes with large
disparate impact: Bias in
recidivism prediction
Session IP2a3
Alexandra Chouldechova, Heinz College, Carnegie
Mellon University
Recidivism prediction instruments provide decision
makers with an assessment of the likelihood that
a criminal defendant will reoffend at a future
point in time. While such instruments are gaining
increased popularity across the country, their use
is attracting tremendous controversy. Much of the
controversy concerns potential discriminatory bias
in the risk assessments that are produced. In this
talk I will begin by describing statistical measures
of bias that have been applied to assess the fairness
of recidivism prediction instruments. I will then
discuss how even small effect sizes can result in
considerable disparate impact.

A linear modeling framework for
statistical inference on networks
Session IP1b1
Ivor Cribben, Alberta School of Business, University
of Alberta
Existing approaches for conducting statistical
inference between groups (patients and controls)
of networks can be divided into two sets. Both
sets begin by estimating graphs for each subject
in both groups. The first set of methods carries
out pairwise edge tests between the groups of
patients and controls, while the second set starts
by summarizing the networks using a graph
metric, and then test for the equality of the graph
metrics between the two groups. However, these
methods fail to directly test the entire network
and do not take into account the (possible)
temporal autocorrelation and the heterogeneity
characteristics of the data across subjects.
In this work, we introduce a flexible general linear
modeling framework for conducting statistical
inference on networks that incorporates these
features. This novel method accounts for the
temporal autocorrelation in a nonparametric and
subject-specific manner, and estimates subjectspecific variances using iterative least squares
and residual maximum likelihood estimation. We
apply the new model to a resting-state functional
magnetic resonance imaging (fMRI) study to
compare the brain networks jointly in both typical
and reading impaired young adults in order to
characterize the resting state networks that are
related to reading processes. We also compare the
performance of the model to other methods that
do not account for the temporal autocorrelation
or heterogeneity across the subjects using an
extensive simulation study.
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Default Bayesian analysis with
global-local shrinkage priors
Session IP1c7
Jyotishka Datta, Department of Statistical Science,
Duke University.
In this talk, we present a framework for assessing
the default nature of a prior distribution using the
property of regular variation, which we study for
global-local shrinkage priors. In particular, we
show that the horseshoe priors, originally designed
to handle sparsity, are regularly varying and thus
are appropriate for default Bayesian analysis. To
illustrate our methodology, we solve a problem of
non-informative priors due to Efron (1973), who
showed that standard flat non-informative priors
in the high-dimensional normal means model can
be highly informative for nonlinear parameters of
interest. We consider four such problems and show
that in each case global-local shrinkage priors
such as the horseshoe and horseshoe+ perform
as Efron (1973) requires. The reason for this is that
the global-local shrinkage priors separate a lowdimensional signal embedded in high-dimensional
noise, even for nonlinear functions.

Differential network analysis with
multiply imputed lipidomic data
Session IP1c3
Susmita Datta, Department of Biostatistics,
University of Florida
The importance of lipids for cell function and health
has been recognized, for example, a disorder in
the lipid spectrum of cells has been related to
atherosclerosis caused cardiovascular disease
(CVD). Differential network analysis provides

a formal statistical methodology to examine
differences in lipidomic network structures under
two biological conditions. We provide a recipe to
conduct differential network analysis by bootstrap
based statistical test on association scores resulted
from Partial Least Square regression on multiple
imputed lipidomic data from the Ludwigshafen
Risk and Cardiovascular Health study and achieve
useful information about the underlying biological
process, Find lipids that interact with each other,
and recognize the most important differentially
expressed lipids between two subgroups of CVD
patients. We also suggest adaptive elastic net based
connectivity scores and examine their performance
with highly correlated lipids.

Penalized Euclidean distance
regression
Session IP1a1
Tanujit Dey, Cleveland Clinic
We consider an alternative method for variable
screening, variable selection and prediction in
linear regression problems where the number of
predictors can be much larger than the number of
observations. The method involves minimizing a
penalized Euclidean distance, where the penalty is
the geometric mean of the l_1 and l_2 norms of the
regression coefficients. This particular formulation
exhibits a grouping effect, which is useful for
screening out predictors in higher or ultra-high
dimensional problems. Also, an important result is a
signal recovery theorem, which does not require an
estimate of the noise standard deviation.
Practical performances of variable selection and
prediction are evaluated through simulation studies
and the analysis of a dataset of mass spectrometry
scans from melanoma patients, where excellent
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predictive performance is obtained. This is joint
work with Ian L. Dryden (University of Nottingham)
and Daniel Vasiliu (College of William & Mary).

Matrix-variate regressions and
envelope models
Session IP1a2
Shanshan Ding, University of Delaware
Envelopes (Cook et al., 2010) were originally
proposed for multivariate regression analysis to
achieve potential efficiency gains via dimension
reduction. In this talk, we introduce envelope
models for efficient estimation in matrix-variate
analysis, where the response Y is a random matrix
and the predictor X can be either a scalar, or a
vector, or a matrix, treated as non-stochastic.
The matrix-variate regression models and their
envelope structures are generalizations of
conventional regressions and their envelopes. They
can be applied to neuroimaging, cross-over design
analysis, and multivariate growth curve modeling,
among others. Under the envelope framework,
redundant information can be eliminated in
estimation and the number of parameters can
be notably reduced when the matrix-variate
dimension is large. Therefore, the estimation can be
much more accurate.
We further investigate the asymptotic properties of
the envelope estimators and show their efficiency in
both theoretical and numerical studies.

Spatial mixed linear models on
three dimensional regular array
Session IP1b3
Somak Dutta, Department of Statistics, Iowa State
University
We present a novel matrix-free h-likelihood
method for spatial data on regular 3D lattice. The
spatial random fields considered here are based
on fractional Laplacian differencing on the 3D
sub-lattice and they are unique in approximating
continuum Mat\'ern dependence. Here using
h-likelihood method we derive REML estimating
equations for estimating precision parameters and
predicting the underlying random field. Furthermore
we devise sophisticated computational algorithms
that allow matrix-free computations and conditional
simulations of the underlying random field given
the data. These methods pave the way for studying
various properties of the random field. In particular,
in the context of fMRI analysis we show how to
identify activation regions in human brains.

Characterization, modeling and
management of data quality,
risk and cost in the integration
of surveys with alternative data
sources
Session IP2a6
John L. Eltinge, U.S. Bureau of Labor Statistics
Government statistical agencies have missions
centered on providing the public with high-quality
information on a sustainable and cost-effective
basis. This requires the agencies to use practical
design tools that allow them to characterize,
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model and manage multiple dimensions of data
quality, risk and cost that are inherent in statistical
production processes. Examples of data quality
include traditional quantitative measures of
accuracy (generally characterized through “total
survey error” models) as well as qualitative
measures like relevance, timeliness, comparability,
coherence and accessibility.
Risk issues often center on disclosure limitation
problems and “break in series” phenomena arising
from loss of a major data source. Cost issues
include direct expenditures for data acquisition
and personnel, and may also involve other scarce
resources like respondent burden and constrained
timelines. Historically, tools to address quality, cost
and risk issues have centered on sample surveys
and some administrative record systems. However,
agencies now need to extend these tools to cover a
broad suite of alternative data sources (sometimes
called “big data,” “non-designed data” or “organic
data”). This paper develops a framework for such
tools, with special emphasis on (1) the level of
precision required for a given design decision; and
(2) use of available empirical information.

Biomarker and diagnostic test
performance bounds when a gold
standard is not available
Session IP3b5
Sarah Emerson, Department of Statistics, Oregon
State University
Motivated by the goal of validating a newly
developed marker for acute kidney injury, we
consider the problem of assessing the performance
of a new biomarker when a true gold standard
for disease status is unavailable. In this case, the
new biomarker is typically compared to another

imperfect reference test, and this comparison
is used to estimate the performance of the new
biomarker. However, errors made by the reference
test can bias assessment of the new test. Analysis
methods like latent class analysis have been
proposed to address this issue, generally employing
some strong and unverifiable assumptions
regarding the relationship between the new
biomarker and the reference test. We investigate
the conditional independence assumption that is
present in many such approaches, and demonstrate
that this assumption may be violated even when
the two tests are physiologically unrelated. We
explore the information content of the comparison
between the new biomarker and the reference test,
and give bounds for the true sensitivity/specificity
of the new test when operating characteristics for
the reference test are known.

Statistical methods for testing
cross-phenotype effects of rare
variants
Session IP2b5
Michael Epstein, Department of Human Genetics,
Emory University
Increasing empirical evidence suggests that
many genetic variants influence multiple distinct
phenotypes. When cross-phenotype effects exist,
multivariate association methods that consider
pleiotropy are often more powerful than univariate
methods that model each phenotype separately.
Although several statistical approaches exist for
testing cross-phenotype effects for common
variants, there is a lack of similar tests for genebased analysis of rare variants. In order to fill this
important gap, we introduce a statistical method for
cross-phenotype analysis of rare variants using a
nonparametric distance-covariance approach that
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compares similarity in multivariate phenotypes to
similarity in rare-variant genotypes across a gene.
The approach can accommodate both binary and
continuous phenotypes and further can adjust for
covariates. Our approach yields a closed-form test
whose significance can be evaluated analytically,
thereby improving computational efficiency and
permitting application on a genome-wide scale.
We use simulated data to demonstrate that our
method, which we refer to as the Gene Association
with Multiple Traits (GAMuT) test, provides
increased power over competing approaches. We
also illustrate our approach using exome-chip
data from the Genetic Epidemiology Network of
Arteriopathy.

Local characterization of critical
surfaces
Session IP3c1
Deniz Erdogmus, Northeastern University
In this presentation, we will discuss two alternative
characterizations of critical surfaces of at least
twice-continously differentiable real-valued
functions of real-valued vectors, based. When
applied to probability density functions, these
surfaces will offer us a principled path to achieve
manifold unwrapping in local charts centered
at modes. Based on the two characterizations,
we will propose two nonlinear chart unfolding
methodologies and illustrate these at work on
several examples. We will conclude by proposing
several future research directions.

Model-robust inference for
continuous change point models
Session IP2b7
Youyi Fong, Chongzhi Di, Ying Huang and Peter
B. Gilbert, University of Washington and Fred
Hutchinson Cancer Research Center
We study change point regression models that
allow the relationship between the outcome and a
covariate of interest to change across a threshold
value in the covariate. In particular we focus on
continuous change point models, which experience
no jump at the threshold. Continuous change point
regression functions can provide a useful summary
of the association between outcome and the
covariate of interest because they offer a balance
between flexibility and simplicity.
Motivated by collaborative works in studying
immune response biomarkers of transmission
of infectious diseases, we study model-robust
estimation of continuous change point models in
this paper. We derive the limit distribution of the
maximum likelihood estimator, and propose both
Wald and test-inversion confidence intervals. We
evaluate finite sample performance of our methods
and compare with bootstrap confidence intervals,
and provide guidelines for practitioners to choose
the most appropriate method in real data analysis.
We illustrate the application of our methods with an
example from a HIV immune correlates study.
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Random forest models for the
probable biological condition of
streams and rivers in the USA
Session IP2c5
Eric Fox, US Environmental Protection Agency
The National Rivers and Streams Assessment (NRSA)
is a probability based survey conducted by the US
Environmental Protection Agency and its state
and tribal partners. It provides information on the
ecological condition of the rivers and streams in the
conterminous USA, and the extent to which they
support healthy biological condition. An important
problem is the prediction of stream condition at
new, unsampled locations.
Using random forests (Brieman, 2001) we develop a
model to predict the probability that a stream is in
good (or conversely poor) biological condition. The
model is fit to categorical response data consisting
of 1365 NRSA survey sites and their designation as
being in good or poor condition according to the
macroinvertebrate Multimetric Index (MMI). The
predictor data consist of 212 landscape features
from the EPA's Stream-Catchment Dataset (Hill et
al., 2015). We find that the random forest model
performs remarkably well according to various
performance metrics (e.g., 0.75 accuracy; 0.71
sensitivity; 0.78 specificity; and 0.84 AUC).
A major statistical issue which we address in this
talk is whether or not to perform variable selection
for this application of random forests. On one hand,
random forest modeling is known to be robust to
including many noisy input features; on the other
hand, in ecology it is often desirable to build an
interpretable model. Along these lines, we compare
a random forest model with a reduced variable set
selected using a backwards elimination approach
with the full set model using all predictors. We

find that the random forest model with no variable
reduction and minimal tuning is surprisingly robust,
and has similar cross-validated accuracy to the
reduced set model. Moreover, the backwards
elimination approach can lead to issues with
selection bias and instability which we elaborate on
in this talk.

Marginal likelihood estimation of
negative binomial parameters
with applications to RNA-seq data
Session IP3b5
Claudio Fuentes, Department of Statistics, Oregon
State University
RNA-Seq data characteristically exhibits large
variances, which need to be appropriately
accounted for in the model. We first explore
the effects of this variability on the maximum
likelihood estimator (MLE) of the overdispersion
parameter of the negative binomial distribution,
and propose instead the use an estimator obtained
via maximization of the marginal likelihood in a
conjugate Bayesian framework. We show, via
simulation studies, that the marginal MLE can better
control this variation and produce a more stable and
reliable estimator. We then formulate a conjugate
Bayesian hierarchical model, in which the estimate
of overdispersion is a marginalized estimate and use
this estimator to propose a Bayesian test to detect
differentially expressed genes with RNA-Seq data.
We use numerical studies to show that our much
simpler approach is competitive with other negative
binomial based procedures, and we use a real data
set to illustrate the implementation and flexibility of
the procedure.
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Asymptotically optimal control
of N-systems with many-server
and H_2^* service times
Session IP1a3
Arka Ghosh, Iowa State University
We are seeking an optimal control policy for a
queueing system, which is known as “N-system”,
under the Halfin-Whitt regime. A N-system has
two customer classes and two server pools, where
servers from one pool can serve both customer
classes, while servers from the other pool can
only serve one customer class. Also, impatient
customers will renege from his queue if the waiting
time exceeds his patient time. The service time
distribution is only pool-dependent, not classdependent, and it follows a special case of hyperexponential distributions, H^*_2 distribution. A
static priority policy pi^* is proposed, and this policy
is shown to be asymptotically optimal in minimizing
the total cost caused by queue length growth and
customer abandonment.

On the choice of prior
distributions for Bayesian binary
regression models
Session IP2c7
Joyee Ghosh, The University of Iowa
In logistic regression, separation occurs when a
linear combination of the predictors can perfectly
classify part or all of the observations in the sample,
and as a result, finite maximum likelihood estimates
of the regression coefficients do not exist. Gelman
et al. (2008) recommended independent Cauchy
distributions as default priors for the regression
coefficients in logistic regression, even in the case

of separation, and reported posterior modes in their
analyses. In this work, we study the conditions
needed for the existence of posterior means under
Cauchy priors. We also discuss the implications of
these results for prior choice and computational
issues in Bayesian variable selection.

Recommender systems in a
network
Session IP3c4
Souvik Ghosh, LinkedIn
At LinkedIn, our mission is to connect talent with
opportunity at scale. We aim to map the economic
graph of the world. The economic graph consists
of nodes that may be people, companies, jobs,
skills and schools. The graph is the center of many
recommender systems at LinkedIn. For example,
recommendation to connect to people you may
know, follow a company you might be interested
in, apply for a job you might be interested in and
suggestions for acquiring skills required for that job.
In this talk I will discuss how we recommend people
you may know.

An analysis of liver transplant
waiting times using semiparametric models for ordinal data
Session IP1c7
Sujit Ghosh, NC State University and SAMSI
Over the last fifteen years, there have been
major concerns that the current system of organ
allocation may not ensure that available organs
reach the patients most in need of a transplant. In
2002, motivated by an evaluation by the Institute of
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Medicine, the liver allocation system was changed
from a subjective status-based algorithm to one
using a continuous Model for End-stage Liver
Disease (MELD) severity score. Using data from
the United Network for Organ Sharing (UNOS), we
examine and discuss several statistical aspects
of modeling the waiting time distribution. We use
a competing risk analysis method to compare
the risk of a waiting list death as a function of
severity (MELD score) and relevant patient level
characteristics. The UNOS data features a few data
irregularities: censored response, ordinal predictors,
and missing patient level characteristics. We
develop Bayesian (proper) imputation methods
based on a hierarchical semi-parametric model.
Ordinal predictors are tackled using a latent
continuous variable approach. Proposed methods
are first validated using simulated data and then
illustrated by analyzing the UNOS data.

Near optimum estimation of
variance components in mixed
effects models
Session IP1b2
Subir Ghosh, University of California, Riverside
The variance component estimation for a mixed
effects model is considered for analyzing the data
obtained from an experiment or observational
study. The optimum estimation method yielding the
uniformly minimum variance quadratic unbiased
estimator (UMIVQUE) is often impossible to carry
out. A near optimum estimator (NOPE) is proposed
in such situations under some distributional
assumptions for the data. Examples of NOPE
are presented in an example. A NOPE satisfies
the unbiasedness property. The performance
comparison of NOPE is made with the maximum
likelihood estimator (MLE) and restricted maximum

likelihood estimator (REMLE) by simulation for a
designed experiment.

Oracle convergence rates for
Bayesian density regression in
high dimensional spaces
Session IP1a1
Subhashis Ghoshal, North Carolina State University
Density regression provides a completely flexible
nonparametric approach to study the dependence
of the distribution of a response variable $Y$ on
a $p$-dimensional covariate $X$. The complexity
of the problem is equivalent to estimating the
joint density of $Y$ and $X$, which is a $(p+1)$dimensional nonparametric estimation problem.
The optimal convergence rate of convergence for
estimating $\alpha$-smooth functions is $n^{-\
alpha/(2\alpha+p+1)}$, which is incredibly slow
in high dimension. However, in high dimensional
spaces, usually relations are sparse, meaning that
the distribution of $Y$ may actually depend on a
much fewer, $d$ number of covariates. The oracle
procedure using the additional knowledge of these
predictors, can construct an estimator that will
converge at the much faster rate $n^{-\alpha/(2\
alpha+d+1)\}$.
We develop a nonparametric Bayesian procedure
to achieve the oracle rate up to a logarithmic factor
even when the dimension $p$ can be exponentially
large compared with the available sample size $n$.
The prior is constructed by expanding the density
function in the basis of tensor product of B-splines,
and putting appropriate priors on both the number
of terms and the coefficients, as well as on the
subsets of predictors that enter the model. We also
show that the posterior mean can be computed
without resorting to MCMC methods if we choose a
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Dirichlet distribution on the coefficients of the basis
expansion.

MAST: A novel statistical
framework for assessing
transcriptional changes and
characterizing heterogeneity in
single-cell RNA-seq data
Session IP1a6
Raphael Gottardo, Fred Hutchinson Cancer
Research Center
Single-cell RNA-seq enables the unprecedented
interrogation of gene expression in single-cells.
The stochastic nature of transcription is revealed
in the bimodality of single-cell data, a feature
shared across many single-cell platforms. I will
present new methodology to analyze single-cell
transcriptomic data that models this bimodality
within a coherent generalized linear modeling
framework. Our model permits direct inference on
statistics formed by collections of genes, facilitating
gene set enrichment analysis. The residuals defined
by our model can be manipulated to interrogate
cellular heterogeneity and gene-gene correlation
across cells and conditions, providing insights into
the temporal evolution of networks of co-expressed
genes at the single-cell level.
I will also discuss unwanted sources of variability in
single-cell experiments and in particular the effect
of the cellular detection rate defined as the fraction
of genes turned on in a cell, and show how our
model can account and adjust for such variability.
Finally, I will illustrate this novel approach using
several datasets that we have recently generated to
characterize specific human immune cell subsets.

Spatial meta kriging
Session IP2b7
Rajarshi Guhaniyogi, University of California, Santa
Cruz
Spatial process models for analyzing geostatistical
data entail computations that become prohibitive
as the number of spatial locations become large.
We propose Spatial Meta Kriging (SMK) model
to facilitate analysis of large point referenced
datasets. SMK partitions large data into smaller
subsets, fits hierarchical Bayesian spatial process
regression model for each of these subsets
independently and finally combines parametric
and predictive inferences obtained from
independent spatial regression models on subsets.
The resulting procedure eliminates the need to
store the entire data in one processor and offers an
embarrassingly parallelizable inferential technique
that assumes linear computation complexity in
the number of spatial locations, thereby delivering
substantial scalability. We demonstrate SMK with
Gaussian process, covariance tapered Gaussian
process and low-rank modified predictive process
models to understand the performance of the
proposed technique with various spatial regression
models. Theoretical analysis is presented to
quantify concentration of spatial meta krigged
posterior or meta-posterior around the unknown
true spatial function generating the response.
We illustrate the computational and inferential
benefits of the SMK using simulation experiments
and also infer on climatology data.
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Adaptation in log-concave
maximum likelihood estimation
Session IP1c1
Adityanand Guntuboyina, University of California,
Berkeley
Log-concave maximum likelihood estimation is
a popular shape constrained approach to density
estimation. I will present new results on the accuracy
of this estimator with a focus on adaptation. This
is based on joint work with Arlene Kim and Richard
Samworth of the University of Cambridge.

Data confidentiality and
respondent privacy protection
Session IP3b1
Sat Gupta, University of North Carolina, Greensboro
Randomized Response Models (RRT Models) are
useful tools to ensure respondent privacy, and
hence to circumvent social desirability response
bias. These models can also be used as a tool to
ensure data confidentiality. The main focus of this
talk will be on showing that optional RRT models
are not only more efficient than the corresponding
traditional RRT models, there is no loss of privacy
when using such models. We will also show how
mean estimation of sensitive variables can be
further improved by using optional RRT models.

Improved group sequential
clinical trial designs when
comparing two interventions
using two time-event outcomes
Session IP2b6
Toshimitsu Hamasaki, National Cerebral and
Cardiovascular Center
We derive improved group sequential clinical trial
designs comparing two interventions in two eventtime outcomes to evaluate if an experimental
treatment is superior to a control on both outcomes
(“multiple co-primary endpoints”) or at least one
outcome (“multiple primary endpoints”). Based
on the closed testing principle we derive group
sequential boundaries that are tailored to the
applied stopping rules. We consider stopping rules
that stop testing an endpoint as soon as a rejection
occurred (as in settings where measuring the
endpoint is invasive or very costly) or requiring that
the null hypothesis of all endpoints are rejected at
the same stage (to base the test decision on all data
collected). Based on the strategy to re-allocate the
significance level from the rejected hypothesis for
one endpoint to not-yet-rejected hypothesis for the
other endpoint we assess the conjunctive power,
Type I error rate and sample sizes (maximum
sample sizes and average numbers). We give
examples to illustrate the alpha-reallocation
procedures and provide guidance on their use in
clinical trials with multiple co-primary endpoints.
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Compression and conditional
emulation of climate model output
Session IP2b3
Dorit Hammerling, NCAR
Numerical climate model simulations runs at high
spatial and temporal resolutions generate massive
quantities of data. As our computing capabilities
continue to increase, storing all of the generated
data is becoming a bottleneck, and thus is it
important to develop methods for representing
the full datasets by smaller compressed versions.
We propose a statistical compression and
decompression algorithm based on storing a
set of summary statistics as well as a statistical
model describing the conditional distribution of
the full dataset given the summary statistics.
The statistical model can be used to generate
realizations representing the full dataset, along
with characterizations of the uncertainties in the
generated data. Thus, the methods are capable
of both compression and conditional emulation
of the climate models. Considerable attention is
paid to accurately modeling the original dataset,
particularly with regard to the inherent spatial
nonstationarity in global temperature fields, and
to determining the statistics to be stored, so that
the variation in the original data can be closely
captured, while allowing for fast decompression
and conditional emulation on modest computers.

Piecewise constant models: A
tale about log n and loglog n
Session IP3c2
Fang Han, University of Washington
We consider the piecewise constant normal mean

estimation problem. The observations are twofold. First, assuming k pieces in the model, when
there is no additional shape constraint, we show
a phase transition exists: When k increases from
2 to higher, the minimax rate of convergence
increases from \log\log n to k\log(en/k). Such
a result is absent in change point detection and
nonparametric regression literature, and motivates
retrospect on the "sparsity assumption" popular
in high dimensional statistics. Secondly, we show,
when some additional shape constraints are posed,
the minimax rate can be further improved. In
particular, adding isotonic constraint to piecewise
constant models gives us an improved k\log\log
(16n/k) minimax rate. The obtained result is in
contrast to Kiefer's Theorem, and generalizes these
in Chatterjee, Guntuboyina, and Sen (2015). This is a
joint work with Chao Gao and Cun-Hui Zhang.

Statistical regularization
methods incorporating external
knowledge: associating brain
anatomy and structural
connectivity with alcoholism
Session IP1b1
Jaroslaw Harezlak, School of Public Health, Indiana
University
Brain imaging studies collect multiple imaging
data types, but most analyses are done for each
modality separately. Statistical methods that
simultaneously utilize and combine multiple data
types can instead provide a more holistic view
of brain function. Here we extend a regularized
statistical methodology and use it to study the
associations between alcohol abuse phenotypes
and imaging data while incorporating prior scientific
knowledge. Specifically, we utilize cortical thickness
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and integrated rectified mean curvature measures
obtained by FreeSurfer software to predict the
alcoholism-related phenotypes while incorporating
prior information from the structural connectivity
between cortical regions. Structural connectivity
model was used to estimate the density of
connections between 66 cortical regions based on
Desikan-Killiany atlas.
We extend our prior work on “partially empirical
eigenvectors for regression” (PEER) approach
to quantify the relative contributions of imaging
markers obtained from high resolution structural
MRI (cortical thickness and curvature) as predictors
of drinking frequency and risk-relevant personality
traits, while co-varying for age. Model parameters
were estimated by the extended PEER approach
directly incorporating structural connectivity
information into the estimation by exploiting the
joint eigen properties of the predictors and the
penalty operator. In addition, we studied the finite
sample properties of the proposed estimator via a
realistic simulation study.

Sequential sufficient dimension
reduction
Session IP1c5
Haileab Hilafu, The University of Tennessee
In this talk, I will present a new and simple
framework for dimension reduction in the large
p, small n setting. The framework decomposes
the predictor vector, thereby enabling existing
approaches for n > p to be adapted to n < p
problems. Estimating and inverting a large
covariance matrix is avoided. Two separate paths
to implement the framework will be presented. The
paths provide sufficient procedures for identifying
informative variables via a sequential approach.

The two paths are general in the sense that they
can be used in setting out side the sufficient
dimension reduction framework. Empirical evidence
demonstrates the efficacy of the proposed paths.

Conditional screening for ultrahigh dimensional covariates with
survival outcomes
Session IP2b4
Hyokyoung Grace Hong, Michigan State University
Identifying important biomarkers that are predictive
for cancer patients' prognosis is key in gaining
better insights into the biological influences on the
disease and has become a critical component of
precision medicine. The emergence of large-scale
biomedical survival studies, which typically involve
excessive number of biomarkers, has brought high
demand in designing efficient screening tools for
selecting predictive biomarkers. The vast amount
of biomarkers defies any existing variable selection
methods via regularization. The recently developed
variable screening methods, though powerful in
many practical setting, fail to incorporate prior
information on the importance of each biomarker
and are less powerful in detecting marginally weak
while jointly important signals. We propose a new
conditional screening method for survival outcome
data by computing the marginal contribution of
each biomarker given priorly known biological
information. This is based on the premise that some
biomarkers are known to be associated with disease
outcomes a priori. Our method possesses sure
screening properties and a vanishing false selection
rate. The utility of the proposal is further confirmed
with extensive simulation studies and analysis of a
Diffuse large B-cell lymphoma (DLBCL) dataset.
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Evaluation of immune biomarkers
as principal surrogate endpoints
in vaccine trials under a multiphase sampling framework
Session IP1a5
Ying Huang, Fred Hutchison/University of
Washington Cancer Consortium
In vaccine research, immune biomarkers that
can reliably predict a vaccine's effect on the
clinical endpoint are important for guiding vaccine
development. We address issues for evaluating
vaccine-induced immune responses as principal
surrogate endpoints for vaccine's protective
effect. To address the problem of missing potential
outcomes, novel trial designs have been proposed
that utilize baseline predictors of the vaccine
immune biomarker(s) and/or augment the trial
by vaccinating uninfected placebo recipients at
the end of the trial and measuring their immune
biomarkers. An example of good baseline predictors
is baseline immune response if subjects enrolled in
the trial have been previously exposed to the same
antigen. These types of lab assays are expensive to
measure and therefore subsampling is warranted
for cost-efficiency.
Here we propose estimation methods for estimating
principal surrogacy in presence of baseline
predictor subsampling, on the basis of a multiphase
sampling framework. We compare different types
of estimators and make recommendations that vary
with sampling design. We illustrate the application
of the proposed methodology using data from an
immune biomarker study nested with the Zostavax
Efficacy and Safety Trial.

Robust goodness-of-fit tests
based on the TL-moments
Session IP3b4
Osama Hussein, department of statistics Alexandria
University, Egypt
In this paper we propose goodness-of-fit test based
on the TL-moments. Elamir and Seheult (2003)
introduced the trimmed L-moments (TL-moments)
as a “robust” generalization of the method of
L-moments. They are well defined even if L-moments
do not exist. Their sample variance and covariance
can be obtained in closed form, Elamir and Seheult
(2004). A distribution for which the trimmed
L-moments exist is characterized by those trimmed
L-moments. Hosking (2007).Several goodness-offits tests will be constructed based on "adaptive"
proportions of trimming and different forms for the
test statistic. Robustness of validity and robustness
of efficiency will be discussed and compared to
other robust goodness-of-fit e.g. Brys et al. (2008).
Applications to real data will be conducted.

Microbiome data: First steps in
data analysis
Session IP1c3
Snehalata Huzurbazar, University of Wyoming,
Department of Statisitcs
In this talk, we present our recent work with
human microbiome data, especially 16S rRNA data
obtained from the vaginal microbiome along with
covariate data from female subjects. Microbiome
data are highly sparse, usually with n<p, and
methods for analysis are still being developed. We
examined common first steps such as filtering and
normalization, and developed some proposals for
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improvement specific to this type of data. We then
explored meaningful visualizations that can lend
biological insights for such data. In the process,
we compared various ordination methods that are
commonly used by biologists for analyzing these
data. Among our final goals is a longitudinal analysis
of such data collected over several of repeated visits.
This is joint work with E. Smirnova and E. Jackson.

The dual central subspaces in
dimension reduction
Session IP1c5
Ross Iaci, College of William and Mary
Existing dimension reduction methods in
multivariate analysis have focused on reducing
sets of random vectors into equivalently sized
dimensions, while methods in regression settings
have largely focused on decreasing the dimension
of the predictor variables. However, for problems
involving a multivariate response, reducing the
dimension of the response vector is also desirable
and important. In this talk, a nonparametric
method that provides a dimension reduction of
two multivariate random vectors without requiring
the dimensions of the reduction to be equal is
discussed. This method is also applicable for random
vectors labeled as predictor and response and thus,
provides a powerful tool for dimension reduction
in a multivariate regression setting. To this end, a
new concept termed the Dual Central Subspaces
(DCS) is introduced, where the estimation of these
subspaces provides a sufficient dimension reduction
of the random vectors. To recover the DCS, a
higher-order information measure based on the
Kullback-Leibler (KL) divergence is used, rather
than extending traditional methods for estimating
the Central Subspace (CS) that recover information

from moments, such as SIR and SAVE.
Using this information based measure enables the
recovery of both linear and nonlinear relationships
that exist between random vectors and thereby,
allows for a more complete identification of the
DCS while treating both vectors equivalently.
To achieve a dimension reduction, a bootstrap
procedure to estimate the dimensions of the DCS
will be discussed. The method is illustrated in a
real-world example by analyzing an environmental
dataset from Los Angeles County in order to study
the associations that exist between mortality and
environmental conditions.

Statistical approaches for
predicting the functional effect of
genetic variation
Session IP1b5
Iuliana Ionita-Laza, Columbia University
Over the past few years, large scale genomics
projects such as the ENCODE and Roadmap
Epigenomics have produced genome-wide data on
a large number of biochemical assays for a diverse
set of human cell types and tissues. Such data can
play a critical role in identifying putatively causal
variants among the abundant natural variation that
occurs at a locus of interest. I will discuss challenges
in using these data for predicting functional
effects of variants, and discuss recent work on
unsupervised approaches to integrate these
diverse sets of annotations into a single predictor
of functional importance. I will demonstrate the
usefulness of such scores in the context of complex
disease genetics. In the second part, I will discuss
some quantile regression methods to identify eQTLs
(expression quantitative trait loci) using data across
many tissues from the GTEx project, a major effort
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to study the effect of genetic variants on gene
expression in multiple tissues.

Effective dose estimation via
single index models
Session IP2b2
Hanna Jankowski, York University
We consider the single index models assuming a
monotone ridge function. We discuss the geometry
arising from maximum likelihood estimation in this
model, as well as asymptotics in a ``fixed design"
setting. Our asymptotic assumptions are motivated
by two data sets: one studying the lethal dose in
a decompression sickness study and the other
studying the lethal dose in a cytotoxicity dataset.

Adjusting for gene-gene
correlation in gene-set tests in
expression data
Session IP2c3
Duo Jiang, Oregon State University
Gene set analysis, such as functional enrichment
analysis, is a widely used tool for interpreting highthroughput biological data, such as gene expression
data. It aims at testing a particular set of genes for
enrichment amongst differential expression (DE)
results inferred from a genome-wide data set.
Most gene-set testing methods ignore or do not
properly account for the widespread correlations
among genes, which, as we show, can result in
severely inflated type 1 error rates and power loss.
We propose a new method, MEACA, for enrichment
testing based on a mixed effects quasi-likelihood
model. The mixed effects approach flexibly models

the heterogeneity among the DE signals across
genes. MEACA effectively adjusts for completely
unknown, unstructured correlations among
genes. Compared to existing methods including
GSEA and CAMERA, our method enjoys robust and
substantially improved control over type 1 error and
maintains good power in a variety of correlation
structure and association settings. In a real data
application we show that MEACA can enable
interesting biological discoveries.

A composite group penalization
for grouped variable selection
with prior information
Session IP2b4
Yuan Jiang, Oregon State University
In multiple regression with grouped predictors, it
is usually desirable to select important groups as
well as to select important variables within a group
simultaneously. To achieve this so-called "bi-level
selection," group bridge has been developed as a
combination of group-level bridge and variable-level
lasso penalties. However, in many scientific areas,
prior knowledge is available about the importance of
certain grouped predictors, leading to the necessity
of methodological development to incorporate such
valuable information. For a prior-informative group,
we develop a new penalty called "group ridge" as
a combination of group-level ridge and variablelevel lasso penalties, which always preserves this
group while selects important variables in it. Then,
we propose a composite group penalization named
"group composite" by applying group ridge and
group bridge to prior-informative groups and groups
with no prior information, respectively.
We prove that group composite achieves estimation
and group selection consistencies given the prior
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information is correct. In addition, we demonstrate
the empirical advantage of group composite
over group bridge in terms of estimation, group
and variable selection, and prediction through
simulation studies. Finally, we apply group
composite to a genetic association study of bipolar
disorder to illustrate its applicability and efficacy to
real applications.

Persistence of centrality in
random growing trees
Session IP3a1
Varun Jog, University of Pennsylvania (Warren
Center for Network & Data Sciences)
We investigate properties of node centrality
in random growing tree models. We focus on
a measure of centrality that computes the
maximum subtree size of the tree rooted at each
node, with the most central node being the tree
centroid. For random trees grown according to a
linear preferential attachment model, a uniform
attachment model, or a diffusion processes over
a regular tree, we use the theory of Polya urns to
prove that a single node persists as the tree centroid
after a finite number of steps, with probability 1.
Furthermore, this persistence property generalizes
to the top K >= 1 nodes with respect to the same
centrality measure.
We show that these results also hold for a more
general class of sublinear preferential attachment
trees, obtained by embedding the tree in a
continuous time branching process known as the
Crump-Mode-Jagers (CMJ) branching process.
This approach also yields the existence of a finitesized 1-epsilon confidence set for the root node in
sublinear preferential attachment trees, for any
epsilon > 0.

Empirical likelihood tests for
alternative spatial dependence
structures in Markov random fields
Session IP1b3
Mark Kaiser, Department of Statistics, Iowa State
University
In spatial Markov random field models, specification
of an appropriate dependence structure revolves
around the selection of neighborhoods. A
neighborhood structure implies conditional
independencies that are difficult to diagnose and
assess because, although they are influenced by
distributional assignments, they are characteristics
of a model that transcend the form of the full
conditional distributions that constitute the model
specification. For example, the use of Gaussian or
log-Gaussian conditional distributions constitutes
a different aspect of model behavior than do the
conditional independencies implied by four-nearest
versus eight-nearest neighborhood structures.
We apply a spatial block empirical likelihood
method to tackle this problem. The method
has proven effective in distinguishing between
different potential neighborhood structures and
a test procedure based on it exhibits good power.
The procedure is illustrated with two problems,
choosing between four-nearest and eight-nearest
neighborhoods for a Gaussian model, and choosing
between two co-dependent Markov random fields
and one bivariate Markov random field. This latter
problem is motivated by a problem of modeling the
spatial relation between wind speeds and power
generation in a wind farm.
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Central limit theorems and
bootstrap in high dimensions
Session IP2a4
Kengo Kato, University of Tokyo
This paper derives central limit and bootstrap
theorems for probabilities that sums of
centered high-dimensional random vectors
hit hyperrectangles and sparsely convex sets.
Specifically, we derive Gaussian and bootstrap
approximations for probabilities $\Pr(n^{-1/2}\
sum_{i=1}^n X_i\in A)$ where $X_1,\dots,X_n$
are independent random vectors in $\R^p$ and $A$
is a hyperrectangle, or, more generally, a sparsely
convex set, and show that the approximation error
converges to zero even if $p=p_n\to \infty$ as $n \
to \infty$ and $p \gg n$; in particular, $p$ can be as
large as $O(e^{Cn^c})$ for some constants $c,C>0$.
The result holds uniformly over all hyperrectangles,
or more generally, sparsely convex sets, and does
not require any restriction on the correlation
structure among coordinates of $X_i$. Sparsely
convex sets are sets that can be represented as
intersections of many convex sets whose indicator
functions depend only on a small subset of their
arguments, with hyperrectangles being a special
case. This paper is based on joint work with V.
Chernozhukov (MIT) and D. Chetverikov (UCLA).

Estimation and inference in high
dimensional linear models with
measurement error and missing
covariates
Session IP3a4
Abhishek Kaul, Biostatistics and Computational
Biology Branch, National Institute of Environmental
Health Sciences.
We provide methods for estimation, variable
selection and inference in high dimensional linear
models with measurement error or missing
covariates. For estimation, we investigate estimation
via bias corrected least squares after model selection.
We show that by separating model selection and
estimation, it is possible to achieve an improved rate
of convergence of the L2 estimation error compared
to the rate achieved by simultaneous estimation
and variable selection methods such as L1 penalized
corrected least squares.
Under very general model selection criteria, the
proposed method is computationally simpler and
statistically at least as efficient as the L1 penalized
corrected least squares method, performs model
selection without the availability of the bias
correction matrix, and is able to provide estimates
with only a small sub-block of the bias correction
covariance matrix of order s x s in comparison to
the p x p correction matrix required for computation
of the L1 penalized version. In addition we provide
methodology to perform inference on parameters
under the above described setting and we show
that the proposed methodology provides theoretical
guarantees on the asymptotic type 1 error. All results
are supported empirically by a simulation study.
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A Bayesian approach for envelope
models
Session IP2a2
Kshitij Khare, University of Florida
The envelope model is a new paradigm to address
estimation and prediction in multivariate analysis.
Using sufficient dimension reduction techniques, it
has the potential to achieve substantial efficiency
gains compared to standard models. This model
was first introduced for multivariate linear
regression, and has since been adapted to many
other contexts. However, a Bayesian approach
for analyzing envelope models has not yet been
investigated in the literature.
In this paper, we develop a comprehensive Bayesian
framework for estimation and model selection in
envelope models in the context of multivariate
linear regression. Our framework has the following
attractive features. Firstly, we use the matrix
Bingham distribution to construct a prior on the
orthogonal basis matrix of the envelope subspace.
This prior respects the manifold structure of the
envelope model, and can directly incorporate prior
information about the envelope subspace through
the specification of hyperparamaters. This feature
has potential applications in the broader Bayesian
sufficient dimension reduction area. Secondly,
sampling from the resulting posterior distribution
can be achieved by using a block Gibbs sampler
with standard associated conditionals. This in turn
facilitates computationally efficient estimation and
model selection.
Thirdly, unlike the current frequentist approach,
our approach can accommodate situations where
the sample size is smaller than the number of
responses. Lastly, the Bayesian approach inherently
offers comprehensive uncertainty characterization

through the posterior distribution. We illustrate
the utility of our approach on simulated and real
datasets.

A Bayesian model for forecasting
precipitation extremes under
climate change
Session IP2b3
Evan Kodra, risQ Inc
Physical theory and growing evidence suggests
that under greenhouse gas driven global warming
scenarios, extreme precipitation events will often
become more intense under climate change. At the
regional and local scales relevant to stakeholders,
uncertainty is large, but generally not well
characterized, owing to long-standing gaps in
scientific understanding of complex, small-scale
processes that drive precipitation extremes. There
is a need to rigorously quantify that uncertainty
toward providing stakeholders with best and worst
case bounds in metrics used in areas including
impacts assessment, hazards planning, and
engineering design.
We present a Bayesian framework that combines
an ensemble of global climate models as well
as reference observational datasets to estimate
probability distributions for regional precipitation
extremes. The framework incorporates prior
aggregate understanding of physics by assigning
weights to climate models, in part, according
to their ability to capture regional adherence to
observed temperature-rainfall covariance. This idea
is embedded given the state of understanding of
the physical mechanisms that drive the extremes,
one of which is the current average temperature
during a heavy precipitation event. Results using
out-of-sample observations indicate that the
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model produces robust probability distributions
in terms of error-based performance, prediction
coverage, and probability distribution width,
for all considered quantiles of extremes. Outof-sample performance almost always exceeds
equally weighted multi-model average projections,
which have often been considered to be the
best choice in literature and climate impact
assessments reports. Future research that explores
methods for spatially and temporally downscaling
these results and translating them to robust
stakeholder metrics, like Intensity-DurationFrequency curves and engineering load factors,
may ultimately provide stakeholders with reliable
tools for coping with future precipitation extremes
and related hydrological extremes. In addition,
this study provides an approach that may be
further generalized for constructing probabilistic
information for other climate extremes.

Poverty index with time varying
consumption and income
distributions
Session IP3b4
Krishna Kumar, Rockville-Analytics
In a recent work (Chattopadhyay et al. 2010), based
on food consumption statistics, we showed how
a stochastic agent based model represents the
time variation of the income distribution statistics
in a developing economy, thereby leading to
the definition of an alternative and more robust
“poverty index” (PI) that compared favorably with
the actual poverty gap (PG) index data. This new
poverty index was defined based on two variables,
the probability density function (PDF) of the income
statistics and the consumption deprivation (CD)
function, the function representing the shortfall
in the minimum consumption needed for basic

survival. That model used an agent-based model for
asset transactions to generate the time-dependent
income distribution, while leaving unexplained how
the minimum consumption needed for survival is
determined in a time dependent manner. The time
dependence of the CD function was introduced
there through data extrapolation only and hence
was limited to the availability of data. The present
article removes these limitations. A new unified
theoretical structure is presented here that treats
all economic agents as interacting agents engaged
in trade of goods and services that result in time
varying consumption and income distributions.
We present a modified Langevin income growth
model. In this model that level of income where
income is greater than the consumption deprivation
gives a minimum threshold of income, where
commodity trade would not take place beyond
the basic necessities. Results from the new theory
are in conformity with previous observations
(Chattopadhyay et al. 2010), but are now more
logically poised due to the imposition of the natural
trade constraint in the model. A notable feature of
this article is that poverty is defined without any
reference to an exogenously and often subjectively
determined income threshold level. The poor
and non-poor are endogenously determined by
examining the consumption and income pattern
through the threshold where income is greater than
consumption deprivation. This was the original basis
for the poverty studies developed by consumption
deprivation, ignored largely by the mainstream
economists and us earlier based on Engel curves.
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Joint modeling of longitudinal
binary and continuous responses
Session IP1c2
Esra Kurum, University of California, Riverside
Motivated by an empirical analysis of ecological
momentary assessment data (EMA) collected in
a smoking cessation study, we propose a joint
modeling technique for estimating the time-varying
association between two intensively measured
longitudinal responses: a continuous one and a
binary one. A major challenge in joint modeling
these responses is the lack of a multivariate
distribution. We suggest introducing a normal
latent variable underlying the binary response
and factorizing the model into two components: a
marginal model for the continuous response, and a
conditional model for the binary response given the
continuous response.
We develop a two-stage estimation procedure
and establish the asymptotic normality of the
resulting estimators. We also derived the standard
error formulas for estimated coefficients. We
conduct a Monte Carlo simulation study to assess
the finite sample performance of our procedure.
The proposed method is illustrated by an empirical
analysis of smoking cessation data, in which the
important question of interest is to investigate the
association between urge to smoke, continuous
response, and the status of alcohol use, the binary
response, and how this association varies over time.

Supervised dimensionality
reduction for exponential family
data with an application to
electronic health records
Session IP2b1
Andrew Landgraf, Battelle Memorial Institute
Supervised dimensionality reduction techniques,
such as partial least squares and supervised
principal components, are powerful tools for
making predictions with a large number of variables
(p >> n). The implicit squared error terms in the
objectives, however, make it less attractive to
non-Gaussian data, either in the covariates or
the responses. Drawing on a connection between
partial least squares and the Gaussian distribution,
we show how partial least squares can be extended
to other members of the exponential family -similar to the generalized linear model -- for both
the covariates and the responses. Unlike previous
attempts, our extension gives latent variables which
are easily interpretable as linear functions of the
data and is computationally efficient. In particular,
it does not require additional optimization for
the scores of new observations and therefore
predictions can be made in real time. We show
the promise of our method by using a large set of
binary medical diagnoses from electronic medical
records to predict the probability of a patient at ICU
developing a pressure ulcer.

P-values, bias and variability:
Implications for replication power
Session IP2a3
Laura Lazzeroni, Stanford University
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Improving power for rare variant
tests by integrating external
controls
Session IP1b5
Seunggeun(Shawn) Lee, Department of
Biostatistics, University of Michigan
Due to the drop in sequencing cost, the number
of sequenced genomes is increasing rapidly.
To improve power of rare variant tests, these
sequenced samples could be used as control
samples (external control samples) in addition
to control samples from the study itself (internal
control samples). However, when using external
controls, possible batch effects due to the use of
different sequencing platforms or genotype calling
pipelines can dramatically increase type I error rates.
Here we propose novel summary statistics-based
single and gene- or region-based rare-variant
tests that allow the integration of external controls
while controlling for type I error rates. Our approach
is based on the insight that batch effects on a
given variant can be assessed by comparing allele
frequencies between internal and external control
samples. Specifically, to mitigate possible batch
effects for the single variant test, we propose a
shrinkage estimator of a log odds ratio; we then
extend the shrinkage estimator to gene- or regionbased tests by aggregating single variant log odds
ratios. From simulation experiments and the analysis
of data from age related macular degeneration and
type 2 diabetes studies, we demonstrate that our
method can substantially improve power while
controlling for type I error rates.

Generalized principal component
analysis: Dimensionality
reduction through the projection
of natural parameters
Session IP2c1
Yoonkyung Lee, Ohio State University, Department
of Statistics
Principal component analysis (PCA) is useful for
a wide range of data analysis tasks. However, its
implicit link to the Gaussian distribution can be
undesirable for discrete data such as binary and
multi-category responses or counts. We generalize
PCA to handle various types of data using the
generalized linear model framework. In contrast
to the existing approach of matrix factorizations
for exponential family data, our generalized
PCA provides low-rank estimates of the natural
parameters by projecting the saturated model
parameters. Due to this difference, the number
of parameters does not grow with the number of
observations and the principal component scores
on new data can be computed with simple matrix
multiplication. We provide a computationally
efficient algorithm for finding the principal
component loadings and demonstrate the benefits
of the proposed approach numerically. This is joint
work with Andrew Landgraf.
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A nonparametric graphical
model for functional data with
application to brain networks
based on fMRI

Neyman-Pearson (NP)
classification algorithms and NP
receiver operating characteristic
(NP-ROC) curves

Session IP1a2

Session IP2c3

Bing Li, Pennsylvania State University

Jingyi (Jessica) Li, Department of Statistics,
University of California, Los Angeles

We introduce a nonparametric graphical model
whose observations on vertices are functions. Many
modern applications, such as electroencephalogram
and functional magnetic resonance imaging
(fMRI), produce data are of this type. The model
is based on Additive Conditional Independence
(ACI), a statistical relation that captures the spirit
of conditional independence without resorting to
multi-dimensional kernels. The random functions
are assumed to reside in a Hilbert space. No
distributional assumption is imposed on the random
functions: instead, their statistical relations are
characterized nonparametrically by a second Hilbert
space, which is a reproducing kernel Hilbert space
whose kernel is determined by the inner product of
the first Hilbert space. A precision operator is then
constructed based on the second space, which
characterizes ACI, and hence also the graph. The
resulting estimator is relatively easy to compute,
requiring no iterative optimization or inversion of
large matrices.
We establish the consistency the convergence rate
of the estimator. Through simulation studies we
demonstrate that the estimator performs better
than the functional Gaussian graphical model
when the relations among vertices are nonlinear or
heteroscedastic. The method is applied to an fMRI
data set to construct brain networks for patients
with attention-deficit/hyperactivity disorder.

In many binary classification applications such
as disease diagnosis, type I errors are often more
important than type II errors, and practitioners
have the great need to control type I errors under
a desired threshold α. However, common practices
that tune empirical type I errors to α often lead
to classifiers with type I errors much larger than
α The Neyman-Pearson (NP) binary classification
paradigm installs a type I error constraint under
some user specified level α before it minimizes type
II errors. Despite recent theoretical advances, the
NP paradigm has not been implemented for many
classification scenarios in practice. In this work, we
propose an umbrella algorithm that adapts popular
classification methods, including logistic regression,
support vector machines, and random forests, to
the NP paradigm.
Powered by these NP classification methods, we
propose the NP receiver operating characteristic
(NP-ROC) curves, a variant of the receiver operating
characteristic (ROC) curves, which have been
widely used for evaluating the overall performance
of binary classification methods at all possible
type I error thresholds. In spite of their conceptual
simplicity and wide applicability, ROC curves
provide no reliable information on how to compare
or choose classifiers whose type I errors are
under a desired threshold with high probability. In
contrast, NP-ROC curves serve as effective tools to
evaluate, compare and select binary classifiers with
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prioritized type I errors. We demonstrate the use
and advantages of NP-ROC curves via simulation
and real data case studies. We implement the NP
classification algorithms and NP-ROC curves in R
package nproc.

Reflections of statistical challenges
in biomedical science and making
difference in health care

I aspire to be a better person (statistician), ready
to take new challenges, passion for personalized
cancer medicine.

Generalized linear mixed models
with Gaussian mixture random
effects
Session IP2c1

Session IP2c6

Yi Li, University of Michigan

Yulan Li, Medivation

Generalized linear mixed models have been
routinely utilized for modeling clustered data.
Typically, normality is assumed for random effects
in generalized linear mixed models. However,
empirical analyses reveal that such assumptions do
impact the prediction of random effects especially
when the cluster size is large. We propose using
a finite Gaussian mixture random effects. Such
mixture models provide a convenient framework to
study the heterogeneity among different clusters.
To prevent an unbounded likelihood, we propose to
use a penalized likelihood to draw inference from.
We develop a sequential locally restricted likelihood
ratio test to determine the number of components
in the Gaussian mixture distribution. The fitted
mixture model provides a convenient means of
controlling the false discovery rate when ranking
the clusters. The proposed methods are illustrated
by simulation studies and a real data analysis.

In the era of personalized medicine with rapid
evolving science and technologies across
multiple disciplines, the need to stress “Roles of
Statisticians” has apparently become a pertinent
and pressing issue in the realm of “Roles of
Statistics.” In this talk, I will pause a little bit to
examine my personal experience in embracing
statistical challenges from several different
biomedical fields (from organ transplant drug
development, to oncology, then to a different
paradigm Biosimilars and recent a new era of
cancer drug research in immuno-oncology). These
experiences taught me that further development in
analyses and methodologies is both fundamental
and critical for practicing statisticians.
I also learned that this single aspect alone is not
sufficient to ensure successful collaboration
and leadership in multidisciplinary environment
including not only project teams, regulatory
agencies, but also medical and patient communities.
I share the same view with many other statisticians
that incorporating and anticipating scientific and
technological advances and the ability to bridge
statistics to other fields are necessary for successful
collaborations with medical professionals and
scientists, together making difference in health care.
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A threshold regression model
for assessing covariate effects
on reproducibility of highthroughput experiments
Session IP2a6
Qunhua Li, Penn State University
The outcome of high-throughput biological
experiments is affected by many operational
factors in the experimental and data-analytical
procedures. Understanding how these factors
affect the reproducibility of the outcome is critical
for establishing workflows that produce replicable
discoveries. In this talk, I will present a threshold
regression framework to assess the covariate
effect of operational factors on the reproducibility
of findings from high-throughput experiments.
Through a connection with Archimedean copulas,
this model can simultaneously estimate the
covariate effects and detect the change of
reproducibility from signal to noise. The transition
point can be used to estimate the proportion of
signals to noise. We provide an estimation procedure
and propose a test for the existence of change point.
Statistical inference and theoretical properties are
derive. The effectiveness of our method is evaluated
in both simulation and real data.

Bayesian community detection in
multiplex networks
Session IP3b3
Lizhen Lin, University of Texas at Austin
Abstract. A multiplex network has emerged as
one of very useful and popular tools for modeling
the complexity of many real world networks. A

multiplex network consists of a fixed set of nodes
or entities but with potentially multiple types
of relations among them. Community detection
in multiplex networks has recently received
increasingly more attention and is in general a
very challenging problem due to the difficulty in
appropriately incorporating dependency across
different layers of the multiplex network.
We propose a flexible Bayesian model for
community detection for multiplex networks.
A random partition prior is first imposed on the
communities across different layers, given which
each layer of network is assumed to follow a
stochastic block model. One appealing feature of
the model is its ability for quantifying uncertainties
of the communities. Efficient MCMC algorithms have
been developed Simulation and real data examples
are considered. Joint work with Marina Paez and
Arash Amini.

Statistical analysis of cellular
heterogeneity using single-cell
assays
Session IP1a6
Lynn Lin, Department of Statistics, Penn State
University
Rapid advances in flow cytometry and other
single-cell technologies have enabled highdimensional measurement of individual cells in a
high-throughput manner so that many new and
long-standing questions about cell population
heterogeneity can now be addressed. One specific
hypothesis is that some characteristic or quality of
a subset of T cells involved in immune function (in
particular, “polyfunctional T-cells”) is associated
with protective immunity from infectious diseases.
During this talk, I will present a novel statistical
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framework for unbiased polyfunctionality analysis of
T-cell subsets defined from high-dimensional singlecell assays and demonstrate how it can be used to
comprehensively unravel rare signals associated
with vaccine efficacy from multiple clinical datasets
that would be missed by traditional analyses.

An evidential paradigm for
experiments
Session IP2a5
Qing Liu, Quantitative & Regulatory Medical
Science, LLC
We develop a canonical likelihood ratio (CLR) to
measure the strength of statistical evidence for rival
hypotheses. The CLR follows both the conditionality
principle and suﬃciency principle and does not
depend solely on the likelihood principle. The
proposed evidential paradigm is based on a CLR test
with a preﬁxed evidential threshold. We introduce
the concept of experimental precept and show
that the CLR test is identical to a Neyman-Pearson
likelihood ratio (NPLR) test under the minimum
experimental precept.
We provide the exact evidential thresholds for
given pairs of type 1 and 2 error rates. The CLR
test is more eﬃcient than the NPLR test following
a credibility principle. For traditional experiments
in general, the evidential paradigm is better
suited for controlling false positive rates than
the Neyman-Pearson paradigm; in particular, it
elegantly addresses various existing controversies
(e.g., p-values, adaptive designs, non-inferiority
designs) and substantial difficulties (e.g., missing
data, multiplicity). Through increasing the credibility
threshold, the evidential paradigm ensures that
strong statistical evidence can be interpreted in
favor of a stated alternative hypothesis in the

presence of bias. The evidential paradigm is also
closely related to a posterior probability ratio,
and, when an appropriate credibility threshold
is chosen, it effectively controls false discovery
rates for applications with big data. Key words:
Adaptive designs; Bayes factor; Big data; Disruptive
innovation; Evidential threshold; Experimental
precept; False discovery rate; Information index;
Law of likelihood; Paradox of ravens.

Bayesian adaptive two-stage
design for early phase oncology
trial
Session IP2c6
Rong Liu, Bayer Healthcare
The rapid growth of biomarker-driven therapies
(e.g. targeted and immune-oncology) in oncology
demands novel clinical trial design, especially at
early stage of the drug development. Determining
a subpopulation who benefits the most from the
therapy is a challenging aspect of studies with small
number of patients such as POC studies. The goals
of such study are two folds: 1) to establish POC for a
cancer therapy, 2) to evaluate a proposed cutoff for
a biomarker that are likely to predict efficacy. We
proposed a new design which is a modified version
of adaptive parallel Simon Two-Stage Design (Jones
CL, 2007, link). The proposed design uses Bayesian
approach and allows the trial reach POC early when
the efficacy results warrant. A real life example will
be presented.
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Diffusion approximations for
double-ended queues with
reneging in heavy traffic

Computing and maximizing
influence in linear threshold and
triggering models

Session IP1a3

Session IP3a1

Xin Liu, Clemson University

Po-Ling Loh, University of Wisconsin, Madison

We study a double-ended queue which consists
of two classes of customers. Whenever there is
a pair of customers from both classes, they are
matched and leave the system immediately. The
matching follows first-come-first-served principle.
If a customer from one class cannot be matched
immediately, he/she will stay in a queue and wait
for the upcoming arrivals from the other class. Thus
there cannot be non-zero numbers of customers
from both classes simultaneously in the system.
We also assume that each customer can leave
the queue without being matched because of
impatience. The arrival processes are assumed to be
independent renewal processes, and the patience
times for both classes are generally distributed.

We establish upper and lower bounds for the
influence of a set of nodes in certain types of
contagion models. We derive two sets of bounds,
the first designed for linear threshold models, and
the second more broadly applicable to a general
class of triggering models. We quantify the gap
between our upper and lower bounds in the case of
the linear threshold model. Importantly, our lower
bounds are monotonic and submodular, implying
that a greedy algorithm for influence maximization
is guaranteed to produce a minimizer within a 1-1/e
factor of the truth.

Under suitable heavy traffic condition, assuming
that the diffusion scaled queue length process
is stochastically bounded, we establish a simple
asymptotic relationship between the diffusion
scaled queue length process and the diffusion
scaled offered waiting time process, and further
shows that the diffusion scaled queue length
process converges weakly to a diffusion process.
We also provide a sufficient condition for the
stochastic boundedness of the diffusion scaled
queue length process. At last, the explicit form of
the stationary distribution of the limit diffusion
process is derived.

Compressed sensing without
sparsity assumptions
Session IP3a4
Miles Lopes, Department of Statistics, University of
California, Davis
The theory of Compressed Sensing (CS) asserts
that an unknown p-dimensional signal can be
accurately recovered from an underdetermined set
of n linear measurements with n<<p, provided that
x is sufficiently sparse. However, in applications, the
degree of sparsity ||x||_0 is typically unknown, and
the problem of directly estimating ||x||_0 has been
a longstanding gap between theory and practice.
A closely related issue is that ||x||_0 is a highly
idealized measure of sparsity, and for real signals
with entries not equal to 0, the value ||x||_0=p is
not a useful description of compressibility. In our
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previous work that examined these problems,
we considered an alternative measure of “soft”
sparsity, (||x||_1/||x||_2)^2, and designed a
procedure to estimate (||x||_1/||x||_2)^2 that does
not rely on sparsity assumptions.
The present work offers a new deconvolutionbased method for estimating unknown sparsity,
which has wider applicability and sharper
theoretical guarantees. In particular, we introduce
a family of entropy-based sparsity measures
s_q(x), parameterized by q≥0, which includes
(||x||_1/||x||_2)^2 and ||x||_0 as special cases. Also,
we propose an estimator for s_q(x) whose relative
error converges at a parametric rate, even when
p/n diverges. Our main results describe the limiting
distribution of the estimator, as well as some
connections to Basis Pursuit Denosing, the Lasso,
deterministic measurement matrices, and inference
problems in CS. (http://arxiv.org/abs/1507.07094;
to appear in IEEE Trans. Info. Theory)

Challenges and considerations in
leveraging real world evidence
for regulatory decision making
Session IP1b4
Theodore Lystig, Medtronic
There is increasing interest in approaches that
leverage “real world evidence” in clinical studies,
especially for regulatory decision making. FDA
Commissioner Rob Califf has written on the topic
multiple times in the FDAVoice blog, and presented
the topic at external meetings. Some view “real
world evidence” as reflecting data that have already
been collected, but the term can also apply to
data that are generated during the course of usual
health care. In this presentation I will discuss three
pertinent aspects of real world data: generation,

analysis, and interpretation. Generation of such
data can be unsupervised (in which case access
and harvesting are important issues) or directed (so
that data are generated more from the perspective
of designed experiments). For analysis, interesting
issues concern re-use of data and linking data
from different sources. Interpretation of real world
data involves the nature of conclusions that can
be drawn from non-research grade information,
and accommodating changing transparency
requirements to facilitate validation of conclusions.
I will primarily discuss these issues in the context
of medical devices, as substantial progress in
leveraging real world evidence has been made
there. All three aspects of generation, analysis, and
interpretation are of interest to statisticians as we
grapple with the challenges and complexities of
working in this fast evolving space.

A concave pairwise fusion
approach to subgroup analysis
Session IP1a5
Shujie Ma, University of California at Riverside
An important step in developing individualized
treatment strategies is to correctly identify
subgroups of a heterogeneous population, so that
specific treatment can be given to each subgroup.
In this talk, we consider the situation with samples
drawn from a population consisting of subgroups
with different means, along with certain covariates.
We propose a penalized approach for subgroup
analysis based on a regression model, in which
heterogeneity is driven by unobserved latent factors
and thus can be represented by using subjectspecific intercepts.
We apply concave penalty functions to pairwise
differences of the intercepts. This procedure
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automatically divides the observations into
subgroups. We develop an alternating direction
method of multipliers algorithm with concave
penalties to implement the proposed approach and
demonstrate its convergence. We also establish the
theoretical properties of our proposed estimator
and determine the order requirement of the
minimal difference of signals between groups
in order to recover them. These results provide
a sound basis for making statistical inference in
subgroup analysis. Our proposed method is further
illustrated by simulation studies and analysis of the
Cleveland heart disease dataset.

Asymptotic comparison of
q-norm regularized least squares
Session IP2c2
Arian Maleki, Columbia University
We study the problem of recovering a p-dimensional
vector x from n response variables, where w
represents the errors (noise). We consider the class
of regularization techniques known as q-norm
regularized least squares(QNLS), a.k.a. bridge, and
study their performance under the asymptotic
setting k/n->eps and n/p->delta. In this asymptotic
regime, one of the fundamental quantities is the
phase transition diagram. Phase transition diagrams
characterize the minimum value of delta (for a given
eps) for which x can be exactly recovered when the
response variables are noise-free.
We will show that: (i) For q<1 the phase transition
occurs at delta=eps, (ii) For q>1the phase transition
occurs at delta=1, and (iii) For q=1 the phase transition
happens at Donoho-Tanner phase transition curve.
We then explore a limitation of phase transition
diagrams and propose a solution by extending our
analysis to the noisy response variables.

Sampling hidden populations
using respondent-driven
sampling
Session IP1a4
Katherine McLaughlin, Oregon State University,
Department of Statistics
In many observational data settings, there has been
tremendous recent interest in trying to estimate
causal effects. Two natural questions that arise
involve (1) how to conduct model selection in this
setting and (2) how to adjust for confounders. What
makes the first question nonstandard relative to
regression modeling is that typically two models,
a mean outcome model and a propensity score
model, are fit to the data, and these models play
different roles in the causal modeling process.
In this talk, we will describe methodologies for
addressing questions (1) and (2). The first will be
based on what we term a “predictive LASSO” and
involves ideas from the missing data literature. For
question (2), we will develop a kernel machine-based
approach to confounder adjustment that reveals the
utility of probability metrics as a tool for evaluating
covariate balance in causal inference problems.
We will also describe an approach using dimension
reduction methodology for causal effect estimation.

Network-based pathway
enrichment analysis with
incomplete network information
Session IP2a2
George Michailidis, University of Florida
Pathway enrichment analysis has become a key
tool for biomedical researchers to gain insight
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into the underlying biology of differentially
expressed genes, proteins and metabolites. It
reduces complexity and provides a system-level
view of changes in cellular activity in response
to treatments and/or in disease states. Methods
that use existing pathway network information
have been shown to outperform simpler methods
that only take into account pathway membership.
However, despite significant progress in
understanding the association amongst members
of biological pathways, and expansion of data
bases containing information about interactions
of biomolecules, the existing network information
may be incomplete or inaccurate and is not celltype or disease condition-specific.

distributions in $\mathbf{R}^d$ and data on graphs.
We define and compare several depth functions
on the minimal spanning tree (MST) and study
their properties. We consider the corresponding
multidimensional medians, investigate their
robustness, computational complexity and compare
them in a simulation study to find the median
vertex under different distributions and sample
sizes. An example illustrates the use of the MSTbased depth functions.

We propose a constrained network estimation
framework that combines network estimation
based on cell- and condition-specific highdimensional Omics data with interaction
information from existing data bases. The resulting
pathway topology information is subsequently used
to provide a framework for simultaneous testing
of differences in expression levels of pathway
members, as well as their interactions. We study
the asymptotic properties of the proposed network
estimator and the test for pathway enrichment,
and investigate its small sample performance in
simulated and real data settings.

Rajarshi Mukherjee, Stanford University

Multidimensionl medians on the
minimal spanning tree
Session IP3b4
Reza Modarres, George Washington University
(Dept. of Statistics)
We represent the observations of a random sample
as vertices of a complete weighted graph and
propose new depth functions that are applicable to

On detection of “sparse signals”
Session IP2c4

Massive genetic data presents us with several
statistical challenges. One major challenge is to
develop effective strategies for signal detection
from large-scale genetic and genomic data when
signals are possibly weak and sparse. In this talk,
I will discuss global hypothesis testing (signal
detection) with high-dimensional data motivated
by gene, pathway/network based analysis in
genome-wide association studies and nextgeneration sequencing data. Although, sparsity in
signals have played an important role in defining the
current era of high dimensional statistics, nearly all
the published literature has assumed the stochastic
errors are independent and Gaussian. However, in
many studies non-Gaussian binary or count data
are present. Examples include: studies of the effect
of thousands of different genes on a disease, spatial
modeling, image processing, and neural networks.
Furthermore, for many data sets the errors are not
independent; a leading example is the data obtained
from individual members of a large social network.
Motivated by the above, I will describe my recent
work on the detection of sparse structured signals
in high dimensional problems with binary, including
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results for dependent network data. The theoretical
results are illustrated using numerical simulations
and data examples from genetic association studies.

How being distributionally robust
can improve learning in high
dimensions?
Session IP2c8
Karthyek Murthy, Columbia University
In learning problems where the number of training
samples is smaller than the ambient dimension,
usual empirical risk minimization may not be
enough to find the best fit. We introduce RWPI,
a novel learning methodology that is aimed
at enhancing out-of-sample performance in
such settings. By casting the learning problem
as an optimization problem in the presence of
model uncertainty, we recover a wide range of
regularization procedures (such as generalized
Lasso, SVM) as particular cases. Further, an
asymptotic analysis of a suitably defined
profile function allows to optimally select the
regularization parameter. We shall discuss this
optimality in the context of generalized Lasso.

Statistical methods for public
health and medicine
Session IP3a3
Haikady Nagaraja, The Ohio State University
Probabilistic modeling, statistical design, and
inferential methods form the backbone of the
remarkable advances in medicine and public
health. General goals of inference are hypothesis
testing (as in clinical trials), estimation (of risk for

a disease), and prediction (of a future condition).
We illustrate them by introducing examples, data
types, statistical models, and methods. With
summary statistics on commonly used statistical
concepts in major public health and medical
journals, we discuss popular statistical methods
that drive current research in public health and
medical science. We examine trends in biostatistical
research and observe the evolving field of data
science and bioinformatics.

Scalable and consistent variable
selection for high dimensional
logistic regression
Session IP2a2
Naveen Narisetty, University of Illinois at UrbanaChampaign
Within the framework of Bayesian computation, we
provide a novel variable selection method for logistic
regression that adapts to both the sample size n and
the number of potential covariates p with desirable
features. We propose a Gibbs sampler called
"Skinny Gibbs" whose computational complexity
grows only linearly in p, but it attains the property
of strong model selection consistency even in the
cases of p > n. In contrast with the standard Gibbs
sampler, Skinny Gibbs is much more scalable to
high dimensional problems, both in memory and in
computational feasibility. We compare our proposed
method with several leading variable selection
methods through a simulation study to show that
our proposed approach selects the correct model
with higher probabilities than existing methods
while being computationally appealing.
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A statistical approach to privacy
preserving data publishing
Session IP3b1
Tapan Nayak, George Washington University
Increasing concerns about privacy and
confidentiality protection pose substantial threats to
collecting and releasing data. Government agencies
and businesses are becoming more reluctant to
release and share their data. They often publish
only high level summary statistics, which often
contain valuable information, but are inadequate
for answering many questions and intricate model
building. Thus, developing statistical methods for
collecting and releasing microdata, while protecting
respondents’ privacy, has become very important.
One general but challenging idea is to release a
perturbed version of the original data such that the
released data do not show private information and
yet are very useful for statistical analyses.
In this paper, we propose a novel approach to
measuring identification risk and setting strict
disclosure control goals. Specifically, we suggest
that a data agency should aim to use a perturbation
mechanism that guarantees that the probability
of correctly identifying the data of any respondent
or surveyed unit in released data would not
exceed a pre-specified value. We then present an
unbiased randomization procedure for achieving
this goal, when an intruder uses some categorical
pseudo-identifiers to find a target unit’s record.
The procedure allows substantial control over
possible changes to the original data and its induced
variance is very small, compared to sampling
variance. We apply the procedure to a real data set,
where it performs consistently with the theoretical
results and quite importantly, shows very little loss
of data quality.

A smoothed bootstrap method
for time series quantile
regression
Session IP3b2
Dan Nordman, Iowa State University
Quantile regression is helpful for characterizing a
response distribution beyond conditional means.
Because quantile regression estimators have
complex limit distributions, several bootstraps
methods have been proposed for independent
data, which involve smoothing steps to improve
bootstrap approximations. However, no smoothed
bootstraps with similar enhancements presently
exist for quantile regression with dependent data.
In this talk, we consider a smooth tapered block
bootstrap for approximating distributions of
quantile regression estimators from time series.
The bootstrap method employs two rounds of
data smoothing in resampling (i.e., individual
observations via kernel smoothing techniques and
data blocks via smooth tapering). The theoretical
development is complicated by the non-smooth
objective function in quantile regression along
with time dependence and the various smoothing
layers in resampling. The validity of the proposed
bootstrap procedure is established under weak
conditions and, as a special case, also broadens
the (unsmoothed) moving blocks bootstrap. We
illustrate the smooth bootstrap through numerical
studies and examples which evidence how the
method improves inference for quantile regression.
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Estimating occupancy rates
with imperfect detection under
complex survey designs
Session IP1a4

A new two-stage sampling
design for sensitive questions
through randomized response
technique and direct questioning

Tony Olsen, US EPA Western Ecology Division

Session IP3b1

Monitoring the occurrence of specific amphibian
species is of interest. Typically, the monitoring
design is a complex design that involves
stratification and unequal probability of selection.
When conducting field visits to selected sites, a
common problem is that during a single visit to a
site, it is possible not to detect an amphibian species
even when it is present, that is, the probability
of detection is less than one. The objective of the
survey is to estimate the proportion, or area, of
the study region where the species is present.
Estimation of site occupancy rates when detection
probabilities are less than one have been developed
by MacKenzie et al. (2006) under the assumption of
a simple random sample.

Evrim Oral, Louisiana State University Health
Sciences Center New Orleans

In this paper, using the notion of generalized
estimating functions, their procedures are
generalized to cover more general complex survey
designs. MacKenzie, D. I., J. D. Nichols, J. A. Royle,
K. H. Pollock, L. L. Bailey and J. E. Hines (2006).
Occupancy estimation and modeling: inferring
patterns and dynamics of species occurrence. San
Diego, California, Academic Press.

Randomized response techniques (RRTs) were
proposed in survey sampling literature as a solution
to the problem of social desirability bias (SDB) when
dealing with sensitive questions. The advantage of
RRTs is that they reduce the bias in estimators by
introducing privacy protection for the respondents.
However, there is a drawback of all RRTs: the
variances of the estimators are inflated with respect
to the variances obtained via direct questioning
method (DQM). In other words, the RRTs increase
the accuracy of the estimates, i.e. provide unbiased
estimates, in exchange for less precision with
respect to the DQM.
The success of RRTs heavily depends on the
assumption that both the interviewers and all
respondents fully understand and correctly apply
the RRT procedure. However, it is quite possible that
this assumption may not be valid for many reasons.
Even if the respondents fully understand the process,
they may not trust the technique and therefore they
may still answer untruthfully. More importantly, the
sensitive question of interest may not be considered
as really sensitive by most of the respondents, in
which case using an RRT instead of the DQM will
inflate the variance of the estimates unnecessarily.
In this study, motivated by the fact that using
an RRT inflates the variance of the estimates
if cheating is low in a population, we propose
a two-stage sampling design that makes one
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able to choose between the RRT and DQM, and
therefore accurately estimate both the prevalence
of the sensitive characteristic and the probability
of cheating in the population. We support our
theoretical results with various simulation studies.

Identification of average causal
mediation effects with multiple
mediators in the presence of
treatment non-compliance
Session IP2a3
Soojin Park, University of California, Riverside
Researchers interested in the causal effects
of interventions are often interested in also
understanding causal mechanisms - i.e., why
and how a treatment has an effect. Causal
Mediation Analysis is a statistical framework that
allows researchers to investigate why and how a
treatment has its effect on an outcome. Current
work on causal mediation analysis reveals the
following limitations: 1) recent papers are based
predominantly within the frequentist framework
while there have been few attempts to understand
causal mediation analysis within the Bayesian
framework, and 2) most of the work has been
discussed in the presence of perfect compliance
to a treatment and with a single mediator – which
is unlikely to reflect real-life applications. Possible
ways to accommodate these limitations will be
discussed in the presentation. Particularly, the
identification and estimation of the average causal
mediation effects will be addressed in the context
of a real-life job training intervention designed to
improve job seeker’s mental health.

Nonparametric confidence
regions for level sets
Session IP3c1
Wolfgang Polonik, University of California, Davis
We discuss different approaches for the construction
of confidence regions for level sets based on large
sample approximation and the bootstrap. Two
different types of constructions are considered,
which are based on (i) vertical variation and (ii)
horizontal variation, respectively. We discuss
advantages and disadvantages of these approaches,
present some large sample theory and numerical
studies. This is joint work with Wanli Qiao.

Dynamic disease screening using
statistical process control charts
Session IP1c3
Peihua Qiu, University of Florida
In our daily life, we often need to identify individuals
whose longitudinal patterns are different from the
patterns of those well-functioning individuals,
so that some unpleasant consequences can be
avoided. In many such applications, observations
of a given individual are obtained sequentially, and
it is desirable to have a screening system to give
a signal as soon as possible after that individual's
longitudinal pattern starts to deviate from the
regular pattern so that some adjustments or
interventions can be made in a timely manner.
In this talk, we discuss a dynamic disease
screening system proposed recently for that
purpose, using statistical process control (SPC) and
longitudinal data analysis techniques. This method
is demonstrated using a real-data example about
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the SHARe Framingham Heart Study. This is a joint
research with Drs. Jun Li and Dongdong Xiang.

Cluster analysis of longitudinal
profiles with subgroups
Session IP1a5
Annie Qu, University of Illinois at UrbanaChampaign
In this paper, we propose a penalized regression
method to cluster profiles of longitudinal data.
The novelty of our approach is that we allow
longitudinal patterns from each subject to be unique
which can be modeled through nonparametric
approaches such as the B-spline method.
We identify clusters by applying a concave
pairwise grouping penalization to their associated
parameters, and therefore distinguish clusters
based on different patterns of predicted longitudinal
curves. One advantage of our proposed method
is that we do not need to pre-specify the number
of clusters; instead it is selected automatically
through a model selection criterion. Our method
is also applicable for unbalanced data where
different subjects could have different time points
of measurements. To implement our proposed
method, we develop an alternating direction
method of multipliers (ADMM) algorithm which has
the convergence property. In addition, we establish
theoretical properties for consistency, and illustrate
that our method outperforms existing competitive
approaches in our numerical studies. This is joint
work with my student Xiaolu Zhu.

High-dimensional regression with
L_0 regularization
Session IP2c2
Peter Radchenko, University of Southern California
We will discuss new applications of discrete
optimization techniques in high-dimensional
regression. The main focus will be on the recently
proposed Discrete Dantzig Selector, which
minimizes the number of nonzero regression
coefficients, subject to a budget on the maximal
absolute correlation between the features and
residuals. The estimator can be expressed as a
solution to a mixed integer linear optimization
problem, a computationally tractable framework
that delivers provably optimal global solutions. The
current state of algorithmics in integer optimization
makes our estimator highly scalable: it scales
gracefully to problem sizes up to p = 10,000 or
even larger. We demonstrate, both theoretically
and empirically, that, in a wide range of regimes,
the statistical properties of the Discrete Dantzig
Selector are superior to those of popular L-1-based
approaches. If time permits, we will also discuss
applications of mixed integer optimization in highdimensional linear regression with group structure,
as well as high-dimensional additive modeling.

Odds ratios and singular values
Session IP2c4
M B Rao Rao, University of Cincinnati
Odds ratios are ubiquitous when examining
association between two binary variables.
Asymptotic distribution of the likelihood estimator
of ln odds ratio is elegant but has certain
drawbacks. There is no odds ratio in higher order
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contingency tables. We propose singular value as
an alternative to odds ratio. We demonstrate how
superior the singular value is to odds ratio in terms
of power and interpretation. One singular value
characterizes independence in 2x3 tables for which
odds ratio has nothing to offer.

Spatiotemporal mixed modeling
of multisubject fMRI
Session IP3b2
Benjamin Risk , SAMSI and University of North
Carolina, Chapel Hill
Estimating spatiotemporal models for multi-subject
fMRI is computationally challenging. We propose
a mixed model for localization studies with spatial
random effects and time-series errors. We develop
method-of-moment estimators that leverage
population and spatial information and are scalable
to massive datasets. In simulations, subject-specific
estimates of activation are considerably more
accurate than the standard voxel-wise general
linear model. Our mixed model also allows for valid
population inference.
We apply our model to cortical data from motor and
theory of mind tasks from the Human Connectome
Project (HCP). The proposed method results in
subject-specific predictions that appear smoother
and less noisy than those from the popular singlesubject univariate approach. In particular, the regions
of motor cortex associated with a left-hand fingertapping task appear to be more clearly delineated.
Subject-specific maps of activation from task fMRI
are increasingly used in pre-surgical planning for
tumor removal and in locating targets for transcranial
magnetic stimulation. Our findings suggest that using
spatial and population information is a promising
avenue for improving clinical neuroimaging.

Normalization, clustering, and
differential expression of singlecell RNA-seq data
Session IP1a6
Davide Risso, University of California, Berkeley
Single-cell RNA sequencing (scRNA-seq) enables
the profiling of gene expression at the singlecell level for a large sample of cells. This allows
researchers to address many important biological
questions, such as the investigation of rare cell
types and the discovery of novel subpopulations
of cells from a heterogeneous population.\Many
statistical challenges arise in the analysis of scRNAseq data: I will focus on three important aspects of a
typical analysis workflow: normalization to account
for nuisance technical effects, cluster analysis to
identify novel cell sub-populations, and differential
expression analysis to derive gene expression
signatures for the cell types. I will present a general
framework, based on a zero-inflated negative
binomial model: the model allows the specification
of both supervised and unsupervised problems,
adjusting for both known and unknown unwanted
effects, such as sample quality and batch effects.

A Bayesian hierarchical model for
meta-analysis of odds ratios with
incomplete extracted data
Session IP1c2
Shemra Rizzo, University of California, Riverside
A typical random effects meta-analysis of oddsratios assumes binomially distributed numbers
of events in a treatment and control group and
requires the proportion of deaths to be extracted
from published papers. This data is often not
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available in the publications due to loss to followup. When the Kaplan Meier survival plot is available,
it is common practice to manually measure the
needed information from the plot and infer the
probability of survival and then to infer the number
of deaths. Uncertainty introduced from these
calculations is not accounted for in current models.
This naive approach leads to over-certain results
and potentially inaccurate conclusions.
We propose the Uncertain Reading-Estimated Events
model to construct each study's contribution to the
meta-analysis separately using the data available
for extraction in the publications. We use real and
simulated data to illustrate our methods. Metaanalysis based on the observed number of deaths
lead to biased estimates while our proposed model
does not. Our results show increases in the standard
deviation of the log-odds as compared to a naive
meta-analysis that assumes ideal extracted data,
equivalent to a reduction of the overall sample size.

Classification of distributions by
tail heaviness
Session IP2c4
Javier Rojo, University of Nevada, Reno
This introductory lecture provides a systematic
presentation of the various classification
approaches for probability distributions in terms of
their tail heaviness. The concept of tail-heaviness
has generated a lot of interest throughout the years.
A google search can generate more than 16 million
documents for the query “long tail statistics”.
The lecture will make connections among some
of the classification methods and conclude that
the method based on the residual life function
provides the clearer and more convenient method
of classification.

Hypothesis test on structured
covariance matrix
Session IP1b2
Anuradha Roy, University of Texas at San Antonio
We study the problem of assessing the agreement
between a new method (often easier or cheaper)
and an established method (often delicate or
harmful), with replicated observations using linear
mixed effects model. We study the betweensubject variabilities and within-subject variabilities
(agreement between the repeatability coefficients)
of the two methods by testing hypotheses on
separable structured covariance matrices. We
accomplish these by the indirect use of PROC MIXED
in two steps by using likelihood ratio tests. Since
the equicorrelated or compound symmetry (CS)
correlation structure assumes equal correlation
among all replicated measurements, we assume
CS correlation structure on the replicated
measurements. We finish with a discussion on Rao’s
score test on separable covariance structure.

Generalized importance sampling
methods for estimating large
number of Bayes factors
Session IP2c7
Vivekananda Roy, Iowa State University
The naive importance sampling estimator, based
on samples from a single importance density, can
be numerically unstable. Instead, we consider
generalized importance sampling estimators where
samples from more than one probability distribution
are combined. We study this problem in the Markov
chain Monte Carlo context, where independent
samples are replaced with Markov chain samples.
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If the chains converge to their respective target
distributions at a polynomial rate, then under two
finite moment conditions, we show a central limit
theorem holds for the generalized estimators.
Further, we develop an easy to implement method
to calculate valid asymptotic standard errors based
on batch means. We also provide a batch means
estimator for calculating asymptotically valid
standard errors of Geyer's (1994) reverse logistic
estimator. We illustrate the method using spatial
generalized linear mixed models and a variable
selection procedure in linear regression.

Structure identfiication
from incomplete cryo-EM
reconstructions
Session IP1a1
Kingshuk Roy Choudhury, Duke University
Cryo-electron tomography (cryo-EM) enables
imaging the 3D structure of macromolecular
assemblages in their native state. Reconstructed
CET images are affected by a “missing wedge”
of data lost when tomographic rotation brings
the electron beam parallel with the plane of the
sample surface. Current approaches for structure
determination improve CET resolution by various
forms of averaging, either within or across objects,
precluding detection of shapes that are nonsymmetric or vary across objects. We propose
a method for structure determination from
individual incomplete reconstructions when the
underlying structure is known to be polyhedral. The
methodology is based on extracting the polyhedral
graph (PG) from the 3-d reconstructions. Reference
distributions for the PG are constructed for an
exhaustive library of regular polyhedra using a
novel simulation technique. While the theoretical
Bayes misclassification errors are quite low (max

< 5%), in practice, errors in the reconstructed
PG make this method unusable due to it's poor
robustness properties. Consequently, we use a
variable selection technique to identify a subset
of robust features of the PG to get improved
classification under misspecification of the PG.

On the use of co-data in
clinical trials
Session IP1b4
Satrajit Roychouhury, Novartis Pharmaceuticals
Historical data are important for the design of
a clinical trial. Yet, these data are rarely used in
the analysis of the actual trial. While justifiable
in certain situations, ignoring historical data can
lead to less accurate inferences, and, therefore,
suboptimal decisions. After a review of the main
approaches to using historical data, the framework
is extended to co-data, which comprise all relevant
(historical and concurrent) trial-external data. These
data can be used for the inference of the parameter
in the actual trial via meta-analytic models. While
the use of co-data in clinical trials is attractive,
it is also ambitious. For example, avoiding undue
weight of co-data (relative to actual trial data) is
important, which can often be achieved by plausible
assumptions about between-trial heterogeneity
and by allowing for nonexchangeability among trial
parameters. Two applications with co-data will be
discussed: a phase III trial with interim decisions
based on co-data; and, a phase I combination trial
in Oncology, which takes advantage of co-data
from completed and ongoing single-agent trials.

2016 International Conference on Statistics at Oregon State University

61

International Indian Statistical Association

Invited Talks
On multivariate convex regression
Session IP2b2
Bodhisattva Sen, Columbia University
We consider nonparametric least squares estimation
of a multivariate convex regression function. We
will discuss the characterization, computation and
consistency of the estimator. A computational
framework for multivariate convex regression
and some of its variants -- non-decreasing/nonincreasing convex regression and Lipschitz convex
regression -- will also be presented. An approach
to obtaining smooth convex approximations to
the fitted (piecewise affine) convex least squares
estimator, with provide formal bounds on the quality
of approximation, will also be discussed. If time
permits, dimension reduction techniques in this
setup will also be presented.

Precision medicine via real world
medicine
Session IP1b4
Shanthi Sethuraman and Haoda Fu, Eli Lilly and
company
Enabling treatment options that are specific and
truly tailored to each and every individual patient
provides the most benefit to the patient. Thus the
question is given the heterogeneity in patients
on how they react to treatment, can we improve
individual patient outcome based on real world
evidence by optimizing their treatment selection.
This presentation will discuss the concept of
individualized treatment recommendation that
provides a potential solution to meet individual
patient needs based on real world evidence. These
needs could be based on the patient’s ability to

react to treatment, their every-day life routine and
meal regiments. We extend traditional personalized
medicine solutions to handle real world data, in
particular our method is able to select one optimal
treatment among multiple (more than two)
treatment options.

Stationarity as a path property–
with applications in time series
analysis
Session IP2c8
Yi Shen, University of Waterloo
Traditionally stationarity refers to shift invariance
of the distribution of a stochastic process. In this
paper, we rediscover stationarity as a path property
instead of a distributional property. More precisely,
we characterize a set of paths denoted as A, which
corresponds to the notion of stationarity. On one
hand, the set A is shown to be large enough, so
that for any stationary process, almost all of its
paths are in A. On the other hand, we prove that
any path in A will behave in the optimal way
under any stationarity test satisfying some mild
conditions. The results provide a unified framework
to understand and assess the existing time series
tests for stationarity, and can potentially lead to
new families of stationarity tests. This is a joint work
with Tony S. Wirjanto.
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Network reconstruction from
high dimensional ordinary
differential equations
Session IP3c3
Ali Shojaie, University of Washington
We consider the task of learning a dynamical
system from high-dimensional time-course
data. For instance, we might wish to estimate a
gene regulatory network from gene expression
data measured at discrete time points. We model
the dynamical system non-parametrically as a
system of additive ordinary differential equations.
Most existing methods for parameter estimation
in ordinary differential equations estimate the
derivatives from noisy observations. This has been
shown to be challenging and inefficient. We propose
a novel approach that does not involve derivative
estimation. We show that the proposed method
can consistently recover the true network structure
even in high dimensions, and we demonstrate
empirical improvement over competing approaches.

Exact trend test on comparing
tumor incidence in transgenic
mouse carcinogenicity studies
Session IP2c6
Lei Shu, Astellas Pharma US, Inc.
Statistical positive trend tests to predict drugs’
tumorigenic potential for long-term (usually 2 years)
carcinogenicity studies, for example, Peto’s test, are
well accepted in practice and by regulatory agencies.
Recently short-term (usually 6-month) transgenic
mouse studies become widely used as an alternative
to lifetime mouse carcinogenicity studies. In general
the tumor incidence rates in a short-term study are

much lower than those for a traditional long-term
study, so exact positive trend test should be used.
However, little is discussed about exact statistical
trend tests for transgenic mouse studies.
In this presentation, we evaluated three types of exact
methods for testing tumor trend via simulation: exact
Cochran-Armitage (C-A) test, exact Peto’s test and
a proposed conditional exact Poly-k test. Based on
an original exact Poly-k test introduced by Rahman
that requires extensive computation, we proposed
an exact Poly-k test that modifies the original exact
test by conditioning on observed mortality data. The
proposed conditional exact Poly-k test significantly
reduces the computational complexity and can be
implemented in practice.

Analysis of linear transformation
models with errors-in-covariates
and interval censoring
Session IP3b2
Samiran Sinha, Texas A&M University
In this talk I will talk about a general approach of
estimating regression parameters of the linear
transformation model when a covariate is subject
to measurement errors and time-to-events are
subject to interval censoring. In the proposed
semiparametric maximum likelihood approach
we treat the linear transformation function nonparametrically while the distributions of the
measurement error and the latent covariate that
is subject to measurement errors are modeled by
mixture of normal distributions. Through simulation
studies we assess the operating characteristics of
the proposed method and compare it with some
existing approaches. In the end we shall discuss an
application of the proposed method to a real dataset
on AIDS clinical trial.
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Pharmaceutical statisticians:
Organization, contributions to drug
development and opportunities for
leadership and research

Ellen Snyder, Merck & Co., Inc.

Phi$, we propose a robust estimation methodology
based on Density Power Divergences (DPD) indexed
by a tuning parameter $\alpha \in [0, 1]$, which
yields a continuum of estimators, $\left\{\hat{\
Phi}_{\alpha}; \alpha \in [0, 1]\right\}$, where $\
alpha$ controls the trade-off between robustness
and efficiency of the DPD estimators. For each $\
alpha$, $\hat{\Phi}_{\alpha}$ is shown to be
strongly consistent.

In this talk I will discuss how drug development
is organized within the company I work and how
statisticians are organized to support programs
in drug development. I will also discuss product
development teams, their membership and
responsibilities. I will discuss movement of
statisticians between drug development programs
and therapeutic areas, the contributions of
statisticians to drug development, interactions with
other groups, and examples of deliverables and
timelines. Ultimately, I will discuss communications
and interactions with regulatory agencies, and
opportunities for research, publications and travel.

We develop data-dependent criteria for the selection
of optimal $\alpha$ and lag $p$ in practice. We
illustrate the usefulness of our DPD methodology
via simulation studies for ARCH-type models,
where the errors are drawn from a gross-error
contamination model and the conditional variance is
a linear and/or nonlinear function of $\Phi^{T} Z_{t1}$. Furthermore, we analyze the Chicago Board
Options Exchange Dow Jones volatility index data
and methodically show that our DPD approach yields
viable models for the conditional variance, which are
as good or superior to ARCH/GARCH models and two
other divergence-based models.

Session IP1c4

Robust estimation of conditional
variance of time series using
density power divergences
Session IP3a2
T.N. Sriram, University of Georgia
Suppose $Z_t$ is the square of a time series $Y_t$
whose conditional mean is zero. We do not specify
a model for $Y_t$, but assume that there exists a
$p \times 1$ parameter vector $\Phi$ such that the
conditional distribution of $Z_{t}|Z_{t-1}$ is the
same as that of $Z_t|\Phi^T Z_{t-1}$, where $Z_{t1} = (Z_{t-1},...,Z_{t-p})^T$ for some lag $p \geq 1$.
Consequently, the conditional variance of $Y_t$ is
some function of $\Phi^T Z_{t-1}$. To estimate $\

This is a joint work with Dr. Jin-Hong Park.

Shape inference using oriented
distance functions
Session IP2a6
Larissa Stanberry, Seattle Children's Research
Institute
Shape estimation is frequently of interest in
applied problems. Examples include boundary
reconstruction of anatomical structures, changes
in the geometry of Arctic sea ice, and the hot
spot analysis in epidemiology. The problem of
shape estimation can be stated as inference about
sets. Here definitions of the expected set and
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the associated empirical set based on oriented
distance functions are presented. The variability
of the empirical estimator is described by the
corresponding confidence region. The definitions are
illustrated on real and simulated data.

Trend analysis for complex
survey designs
Session IP1a4
Leigh Ann Starcevich, Western EcoSystems
Technology Inc.
Natural resource agencies are tasked with
monitoring outcomes of interest over time, often
across vast and challenging landscapes within
narrow sampling windows and with limited
sampling resources. Complex sampling designs
provide inference to the target population while
incorporating design features such as stratification
and cluster sampling for statistical and practical
efficiency. Temporal panel designs allocate
randomly-selected sites across time to optimize
effort in both time and space. In this research,
the impacts of design weights and temporal
revisit designs on model-based trend analysis
are explored for a National Park Service Inventory
and Monitoring program examining changes
over time in acid neutralizing capacity at Sierra
Nevada Mountain lakes. The linear mixed model
of Piepho and Ogutu (2002) is extended with the
probability-weighted iterative generalized least
squares approach proposed by Pfeffermann et al.
(1998) and Asparouhov et al. (2006). Simulations
indicate sensitivity of the methods to the revisit
design specification and variance composition of
the outcome of interest.

Optimal design and subdata
selection for big data
Session IP2c8
John Stufken, Arizona State University
The theory for optimal design has been developed
for experiments that, typically, yield “small”
amounts of data. Consequently, there is no
immediate connection to the statistical topic du
jour, big data. However, if big data is really big,
then a common strategy is to select subdata, and
draw conclusions from the subdata. Just as in
experimental design, this amounts to a selection
problem, namely that of selecting appropriate
subdata. We will discuss how ideas from design
of experiments can help us to select subdata
judiciously.

Issues & challenges in diabetes
drug development
Session IP3a3
Shailaja Suryawanshi , Merck and Co.
Diabetes drug development efforts face several
interesting statistical challenges in designing lean
programs in order to meet regulatory guidance for
approval and marketing. The primary standard for
assessment of efficacy is the change from baseline
in A1C, which is a marker for glycemic control over a
span of the previous 2-3 months. Safety standards
include episodes of hypoglycemia & cardiovascular
events among other parameters impacted by a
complex medical condition.
This presentation will summarize current regulatory
standards and the statistical issues in the design
and analysis of diabetes clinical trials.
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Unbiased estimation of
causal effects under network
interference
Session IP3b3
Daniel Sussman, Boston University
In online experiments, frequently the treatment of
one unit may cause effects on neighboring units
according to a network structure. In this talk, we
investigate a series of assumptions about network
interference for causal inference. We will answer
the question of when unbiased estimators exist and
provide a method to choose among them.

Stochastic process modeling
of spatiotemporal data, with
applications in physical sciences
Session IP3c3
Adam Sykulski, University College London
Large-scale spatiotemporal datasets are typically
characterised by challenging features including
anisotropy, heterogeneity and nonstationarity. In
this talk we present new methods for modelling
such complex structure using stochastic processes.
We will focus on a type of spatiotemporal data
known as "Lagrangian trajectories" which are
the recorded positions obtained from tracking a
moving object over time. Such data is collected
in wildlife tracking, traffic flow sensing, and
oceanography, for example.
We demonstrate how Lagrangian trajectories can
be compactly represented as complex-valued
stochastic processes, and we provide both a
general stochastic framework, as well as examples
of specific models applied to oceanographic and

seismic data. These models can be used to infer
important summaries of large-scale datasets,
reducing hundreds of millions of data points to
something more manageable and informative, and
we provide methodology for how this can be done
in a computationally efficient manner. For example,
we illustrate how we capture and summarize
measures of anisotropy, heterogeneity and
nonstationarity from the entire global database of
ocean surface trajectories measured by the Global
Drifter Program. Joint work with Sofia Olhede,
Jonathan Lilly, Jeffrey Early, and Arthur Guillaumin.

Bayesian approach for benefit:
Risk analysis
Session IP2a5
Ram Tiwari , Center for Devices and Radiological
Health, Food and Drug Administration
An important aspect of the drug evaluation
process is to have an integrated benefit-risk
assessment to determine, using some quantitative
measures, whether the benefit outweighs the
risk for the target population. Chuang-Stein et al.
(1991) proposed a five-category random variable
along with three global measures of benefit-risk
assessment. Assuming the cell probabilities follow
a multinomial distribution, a Bayesian approach
is proposed for the longitudinal assessment of
benefit-risk using these global measures. Dirichlet
distribution is used as the natural conjugate prior
for multinomial cell probabilities, and the posterior
distributions of cell-probabilities are recursively
derived as the data from multiple visits become
available. In a more generalized approach, a power
prior is used through the likelihood function to
discount the information from previous visits,
and, again, the posterior distributions of the cellprobabilities at multiple visits are derived. The
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estimates of the posterior means and credible
intervals for the four global measures are derived,
and the decision rules based on the credible
intervals are applied for the assessment of the four
global measures. Using two simulated datasets
generated under two different scenarios – one where
benefit outweighs risk and the other where benefit
does not outweigh risk- the performances of the
four measures are evaluated using a Markov chain
Monte Carlo (MCMC) technique. Illustration of the
methodology is provided using a clinical trial data.

Post-hoc marker-set analysis—a
false negative control procedure
for rare variant analysis at single
locus level
Session IP1b5
Jung-Ying Tzeng, Department of Statistics and
Bioinformatics Research Center, North Carolina
State University
Genetic association analyses of rare variants in
next-generation sequencing (NGS) studies are
fundamentally challenging due to the presence
of a very large number of candidate variants at
extremely low minor allele frequencies. Recent
developments often focus on pooling multiple
variants to provide association analysis at the gene
instead of the locus level. Nonetheless, pinpointing
individual variants is a critical goal for genomic
researches as such information can facilitate the
precise delineation of molecular mechanisms and
functions of genetic factors on diseases.
Due to the extreme rarity of mutations and highdimensionality, significances of causal variants
cannot easily stand out from those of noncausal
ones. Consequently, standard false positive control

procedures, such as the Bonferroni and false
discovery rate (FDR), are often underpowered, as a
majority of the causal variants can only be identified
along with a few noncausal ones.
To provide informative analysis of at single locus
level, we propose the adaptive false negative
control (AFNC) procedure. The proposed procedure
is computationally efficient and can adapt to the
underlying proportion of causal variants. The AFNC
identified variants can be used pinpoint promising
variants in candidate genes that are significant
in gene-level tests, or be coupled with functional
annotation to identify promising genes that may
not be significant in gene-level tests. Extensive
simulation studies across a plethora of scenarios
demonstrate that the AFNC is advantageous for
identifying individual rare variants, and its utility is
further illustrated using CoLaus sequence study.

Advanced mixed integer
programming formulations
for non-convex optimization
problems in statistical learning
Session IP2c2
Juan Pablo Vielma, Massachusetts Institute of
Technology
We present examples of how advanced linear
and non-linear mixed integer programming (MIP)
formulation techniques can be used to effectively
tackle non-convex optimization problems in
statistical learning. We discuss what are favorable
properties of such MIP formulations that aid in the
solution of the associated problems with state-ofthe-art MIP solvers. We also show how advanced
techniques can be easily adopted by non-experts
through the Julia-based JuMP modeling language.
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Constructing the essential histogram
Session IP1c1
Guenther Walther, Stanford University
The aim of a histogram is to provide a simple
visualization of the empirical distribution. One
way to formalize this task is as follows: Construct
the simplest histogram (i.e. the histogram with
the fewest jumps) that provides a good estimate
of the empirical distribution (i.e. probabilities
are estimated optimally over all intervals). We
present results towards the construction of such
an `essential histogram'. The procedure is based
on distribution-free likelihood ratios defined on
intervals from a certain collection of intervals.
This collection is constructed to allow efficient
computation as well as statistically optimal
inference. Various parts are joint work with Axel
Munk, Hannes Sieling, and Camilo Rivera.

Spline confidence bands for
generalized regression models
Session IP2a1
Jing Wang, University of Illinois at Chicago
A computational study of bootstrap confidence
bands based on a free-knot spline regression is
explored for the generalized linear models in this
paper. In free-knot spline regression, the knot
locations as additional parameters offers greater
flexibility and the potential to better account for
rapid shifts in slope and other important structures
in the target function. However, the search for
optimal solutions becomes very complicated
because of freeing up the knots. In particular, the
lethargy property in the objective function results in
many local optima with replicate knot solutions. To

prevent solutions with identical knots, a penalized
Quasi-likelihood estimating equation is proposed
that relies on both a Jupp transformation of knot
locations and an added penalty on solutions with
small minimal distances between knots. Focusing
on logistic regression for binary outcome data, a
parametric bootstrap is used to study the variability
of the proposed estimator and to construct
confidence bands for the unknown form of the
logistic regression link function. This is a joint work
with Dr. Ella Revzin at UPS Company in Chicago.

Bivariate penalized splines for
geo-spatial regression
Session IP3a2
Lily Wang, Iowa State University
We study the estimation of partially linear models
for spatial data distributed over complex domains.
We use bivariate splines over triangulations to
represent the nonparametric component on an
irregular two-dimensional domain. This method
does not require constructing finite elements or
locally supported basis functions, allowing for an
easier implementation of piecewise polynomial
representations of various degrees and various
smoothness over an arbitrary triangulation.
A penalized least squares method is proposed to
estimate the model via QR decomposition. The
estimators of the parameters are proved to be
asymptotically normal under some regularity
conditions. The estimator of the bivariate function
is consistent, and its rate of convergence is also
established. The proposed method enables us
to construct confidence intervals and permits
inference for the parameters. The performance
of the estimators is evaluated by two simulation
examples and a real data analysis.
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Selection by partitioning the
solution path
Session IP2a1
Peng Wang, University of Cincinnati
The performances of penalized likelihood
approaches profoundly depend on the selection
of the tuning parameter; however there has
not been a common agreement on the criterion
for choosing the tuning parameter. Moreover,
penalized likelihood estimation based on a single
value of the tuning parameter would suffer from
several drawbacks. This article introduces a novel
approach for feature selection based on the whole
solution paths rather than choosing one single
tuning parameter, which significantly improves
the selection accuracy. Moreover, it allows for
feature selection using ridge or other strictly convex
penalties. The key idea is to classify the variables
as relevant or irrelevant at each tuning parameter
and then select all the variables which have been
classified as relevant at least once. We establish the
theoretical properties of the method, and illustrate
the advantages of the proposed approach with
simulation studies and a data example.

Network modeling of topological
domains using Hi-C data
Session IP3b3
Rachel Wang, Stanford University
Genome-wide chromosome conformation capture
techniques such as Hi-C enable the generation of
3D genome contact maps and offer new pathways
toward understanding the spatial organization of
genome. It is widely recognized that chromosomes
form domains of enriched interactions playing

significant roles in gene regulation and
development. In particular, it is of interest to
identify densely interacting, contiguous regions at
the sub-megabase scale known as topologically
associating domains (TADs), which are believed to
be conserved across cell types and even species.
Although a few algorithms have been proposed
to detect TADs, developing statistical frameworks
capable of incorporating the hierarchical nature of
TADs and known biological covariates remains a
nascent field.
We develop a network model that explicitly makes
use of cell-type specific CTCF binding sites to detect
multiscale domains. Our model leads to a likelihood
objective that can be efficiently optimized via
relaxation. We demonstrate the domains identified
have desirable epigenetic features and compare
them across different cell types.

Multivariate functional data
analysis for dynamic biomedical
imaging
Session IP3a3
Yuan Wang, Washington State University
Non-invasive biomedical imaging technologies have
been widely used in various medical disciplines
for interrogation of the pathophysiology and
pathogenesis of diseases. Functional data are
often generated when diseases features are
accessed repeatedly over time and at multiple
spatially interdependent units. The problem is
motivated by a liver cancer study where patients
underwent a dynamic computed tomography (CT)
protocol to enable evaluation of multiple perfusion
characteristics. The study was undertaken with
the objective of determining the effectiveness
of using perfusion characteristics to identify and
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discriminate between regions of liver that contain
malignant tissues from normal liver tissue. To
reduce model complexity and simplify the resulting
inference, possible spatial correlation among
neighboring units is often neglected.
In this work, we consider a multivariate functional
data model and propose a modified kernel
smoothing estimation to leverage the spatial
and temporal correlation. We also address the
companion problem of developing a simultaneous
classification method that that utilizes the interunit correlation information to predict disease state.
The proposed method outperforms conventional
functional data classification approaches in the
presence of strong correlation. The method offers
maximal relative improvement in the presence
of temporal sparsity wherein measurements are
obtainable at only a few time points.

Sufficient dimension folding with
categorical variables
Session IP1c5
Yuanwen Wang, Apple Inc
In this paper, we study dimension folding where
predictor variables are matrix/array structured
with categorical variables. Li, Kim and Altman
(2010) proposed the framework of sufficient
dimension folding which successfully reduces the
dimensionality of matrix/array predictor, while
preserving the inner matrix/array structure.
Chiaromonte, Cook and Li (2002), on the other
hand discuss the extension of sufficient dimension
reduction with both quantitative and categorical
predictor variables in the regression context.
In this paper, based on their work, we adapt the
methodology of sufficient dimension folding to

incorporate categorical variable information into
the reduction. We first introduce the concepts of
marginal, conditional and partial folding subspaces,
and shed light on their connections with central
folding subspace proposed by Li, Kim and Altman
(2010). We propose three estimation methods to
estimate the desired partial folding subspace. A
maximal eigenvalue ration criterion is also developed
to determine the structural dimensions of the
associated partial folding subspace. Effectiveness
of our proposed methods is evaluated through
simulations and an application to a longitudinal data
with gender being the categorical predictor.

On the control of fork-join
networks
Session IP1a3
Amy Ward , University of Southern California
Networks in which the processing of jobs occurs
both sequentially and in parallel are prevalent in
many application domains, such as healthcare and
manufacturing. The parallel processing of jobs gives
rise to synchronization constraints that can be a
main reason for job delay, which results in holding
costs. In comparison with feedforward queueing
networks that have only sequential processing of
jobs, the approximation and control of networks
that have synchronization constraints is less
understood. One well-known modeling framework
in which synchronization constraints are prominent
is the fork-join processing network.
Our objective is to find scheduling rules for fork-join
processing networks that minimize holding costs.
To do this, we focus on a prototypical network with
two job classes (a and b), two fork operations, one
shared server, and two join operations. The fork
operations are first, followed by the simultaneous
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processing of type a (b) jobs by a dedicated server
and a shared server, and, finally the join operations.
We solve the scheduling problem for the shared
server (that is, which type of job to prioritize each
time the server becomes available) when that
server is in heavy traffic.
We show that a cµ-type static priority policy is
asymptotically optimal when the shared server is in
some sense slow at processing the more expensive
type a jobs. Otherwise, an asymptotically optimal
control is a state-dependent slow departure
pacing control in which the shared server slows its
processing of type a jobs to match the departure
process of those jobs from the dedicated type-a
server. Finally, by considering a broader class of
fork-join networks, we see that the departure
pacing idea is to some extent robust. This is joint
work with Erhun Ozkan.

Inference for the mode of a logconcave density: a likelihood ratio
test and confidence intervals
Session IP1c1
Jon A. Wellner, Department of Statistics, University
of Washington
I will discuss a likelihood ratio test for the mode of
a log-concave density. The new test is based on
comparison of the log-likelihoods corresponding
to the unconstrained maximum likelihood
estimator of a log-concave density and the
constrained maximum likelihood estimator where
the constraint is that the mode of the density is
fixed, say at m. Using joint limiting properties of
the unconstrained and constrained estimators we
show that under the null hypothesis (and strict
curvature of -log f at the mode), the likelihood
ratio statistic is asymptotically pivotal: that is, it

converges in distribution to a limiting distribution
which is free of nuisance parameters. Based on
joint work with Charles Doss.

Association test across multiple
traits
Session IP2b5
Baolin Wu, University of Minnesota, School of Public
Health
We discuss several statistical methods to detect
variant set association with multiple correlated
traits. Specifically burden test, variance component
test, and their adaptive test are developed. We will
illustrate that by jointly testing multiple correlated
traits, we can often improve the overall association
test power and identify additional genetic variants
compared to testing each trait individually.

Pseudo sufficient dimension
reduction and variable selection
Session IP1a2
Wenbo Wu, University of Oregon
Sufficient dimension reduction has achieved
great success in recent years. When the sample
covariance matrix of the predictors is not invertible,
many sufficient dimension reduction methods take
an ad hoc ridge regression approach. A question
that has been raised for a long while is whether
such an estimator is still in the central subspace.
In this paper, we propose new concepts of pseudo
sufficient dimension reduction and pseudo sufficient
variable selection to answer this question. Based
on an underlying relationship between the ridge
regression and the measurement error regression,
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we propose a general procedure to obtain pseudo
estimates. Using an ensemble idea, our proposed
pseudo estimates are better than the traditional
estimate or a ridge estimate for highly correlated
predictors. Large p small n issue is discussed, while
theoretical properties are obtained. Simulation
studies and two real data analyses are used to
demonstrate the advantage of our methods.

Challenges in biomarker-driven
drug development
Session IP2a5
Qi Xia, Genentech
A high-level development history of MetMAb and
also that of Rilotumumab, a key competitor for
years that rose and fell almost simultaneously
with MetMAb, will be shared at this presentation.
Although the companies followed every possible
rule of drug-diagnostic co-development: strong
scientific rationale, reasonable biomarker
hypothesis, robustly validated assay, pre-defined
subgroup in Ph2, both programs failed their pivotal
Ph3 studies. The possible reason and key challenges
in biomarker-driven drug development will be
discussed. The importance of having appropriate
risk assessment and mitigation plans in place early
in the development will be also discussed.

Time-varying networks
estimation and dynamic model
selection
Session IP3c4
Lan Xue, Oregon State University
In many biomedical and social science studies it

is important to identify and predict the dynamic
changes of associations among network data over
time. We propose a varying-coefficient model
to incorporate time-varying network data, and
impose a piecewise-penalty function to capture
local features of the network associations. The
advantages of the proposed approach are that it is
semi-parametric and therefore flexible in modeling
dynamic changes of association for network data
problems, and capable of identifying the time regions
when dynamic changes of associations occur.
To achieve sparsity of network estimation at local
time intervals, we implement a group penalization
strategy involving overlapping parameters among
different groups. However, this imposes great
challenges in the optimization process for handling
large-dimensional network data observed at many
time points. We develop a fast algorithm, based on
the smoothing proximal gradient method, which
is computationally efficient and accurate. We
illustrate the proposed method through simulation
studies and children's attention deficit hyperactivity
disorder fMRI data, and show that the proposed
method and algorithm efficiently recover dynamic
network changes over time. The proposed approach
works especially well when networks are sparse.

Oracally efficient estimation and
consistent model selection for
ARMA time series with trend
Session IP3a2
Lijian Yang, Soochow University
Most time series encountered in practice contain
nonzero trend, yet textbook approaches to time
series analysis are typically focused on zero mean
stationary autoregressive moving-average (ARMA)
processes. Trend is often estimated by ad hoc
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methods and subtracted from time series, and
the residuals are used as the true ARMA noises for
data analysis and inference, including parameter
estimation, lag selection and prediction.
We propose a theoretically justified two-step
method to analyze time series consisting of a
smooth trend function and ARMA error term,
which is computationally efficient and easy for
practitioners to implement. The trend is estimated
by B-spline regression, and the maximum
likelihood estimator (MLE) based on residuals is
shown to be oracally efficient in the sense that it
is asymptotically as efficient as if the true trend
function were known and then removed so as to
obtain the ARMA errors. In addition, consistency
of the Bayesian information criterion (BIC) for
model selection is established for the detrended
residual sequence. Finite sample performance of
the proposed procedure is illustrated by simulation
studies and real data analysis.

Variable selection for additive
autoregressive model via
cumulative ratios of empirical
strengths total
Session IP2a1
Miao Yang, Oregon State University
We propose a data-driven method to select
significant variables in additive autoregressive
model via spline estimation for nonlinear time
series. The additive structure of the regression
model is imposed to overcome the “curse of
dimensionality”, while the spline estimators provide
a good approximation to the additive components
of the model. The additive components are ordered
according to their empirical strengths, and the

significant variables are chosen at the first crossing
of a predetermined threshold by the CUmulative
Ratios of Empirical Strengths Total (CUREST) of the
components. Consistency of the proposed method
is established when the number of variables
are allowed to diverge with sample size, while
extensive Monte Carlo study demonstrates superior
performance of the proposed method and its
advantages over the BIC method of Huang and Yang
(2004, JRSSB) in terms of speed and accuracy.

Partially penalized regression for
high dimensional data
Session IP3a4
Peng Yang, Walmartlabs
For the penalized regression in high-dimensional
settings (p » n), all the theoretical results on
selection consistency are based on an inevitable
assumption, that is, the smallest signal must be
greater than a threshold. However, this assumption
is often unreasonable and is difficult to verify. We
show that the existence of small signals causes
two problems with popular penalization methods:
failure of the model selection consistency and
amplification of the variance.
In this paper, we take a slightly different point of
view, focusing on reducing the mean prediction
error rather than trying to select the “true” model,
and propose the partially penalized regression
(PPR). PPR is a two-step procedure which selects
large coefficients in the first step and penalizes
only on small coefficients in the second step.
Ideally, it combines the advantages of LASSO and
non-concave penalties, and has a smaller risk
than both types of penalties. In numerical studies,
comparing to the best of existing methods, PPR
has smaller mean prediction errors and more stable
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performances in most scenarios, and it has much
smaller false positive rate especially for highly
correlated data.

Informative predictor subspace:
Construction and estimation
Session IP2b1
Jae Keun Yoo, Ewha Womans University
In this talk, an informative predictor subspace
to contain the central subspace is defiend, and
the central informative predictor subspace is
constructed. The key part is to develop approaches
to estimate the informative predictor subspace.
Potential\advantages of the proposed methods are
no requirements of linearity, constant variance and
coverage conditions. Numerical studies confirm the
theories, and real data analyses are presented.

Sparse wavelet quantile
regression with multiple
predictive curves
Session IP1b1
Li Zhang, University of Alberta
In this article, we develops an efficient waveletbased regularized linear quantile regression
framework for coefficient estimation with
functional data, where the functional regression
models with a scalar response and the predictors
include multiple curves and scalars has been
considered. We transform the functional regression
models to multiple linear regression models
by wavelet transform which can be used to
approximate functional data through representation
it by finite wavelet coefficients and capturing

its local features. We apply quantile regression
or composited quantile regression with spares
group lasso penalty to resulted high dimensional
regression model. The novel feature of our sparse
method is that we impose sparsity penalty on the
group level and individual level together for the
wavelet coefficient and derive two methods to solve
such optimization problem. One is transfer our
problem to another equivalent standard secondorder cone optimization problem (SOCP), and the
other one is called Alternating Direction Method of
Multipliers (ADMM).
The estimation consistency of the coefficient curve
for the functional regression model is obtained
when both the sample size and the number of
observed discrete point for the predictive curves go
to infinity. Also, some Monte Carlo experiments are
presented to support the claim. The real data set
from ADHD studies are also analyzed.

Variable selection for genetic data
in the presence of hierarchical
structure
Session IP2b4
Lin Zhang, University of Minnesota, Twin Cities.
Hierarchical structures are commonly seen in
genetic data in which variables can be partitioned
into distinct groups. We propose a novel Bayesian
variable selection method, the hierarchical
structured variable selection (HSVS) method, which
accounts for the natural grouping structures among
genetic data and simultaneously select important
groups as well as within-group variables associated
with clinically relevant outcomes. The HSVS model
utilizes a discrete mixture prior distribution for
group selection and group-specific Bayesian lasso
hierarchies for variable selection within groups,
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leads to sparse model at both group and withingroup level, and is computationally efficient.
We also developed several extensions of the method
to incorporate different characteristics of genetic data.

Two sample inference on a
functional time series regression
model and its application for
intraday price curves
Session IP3c2
Ben Zheng, Colorado State University
Under a weak temporal dependence structure of
functional time series, we introduce a functional
factor model to investigate the dependence of
cumulative return curves of individual assets on the
market and other factors. We obtain the asymptotic
results regarding the functional model and propose
a new statistical test to determine whether the
dependences in two sample periods are equal. The
statistical power of the new test is validated by
asymptotic theory and a simulation study.
We apply this test to study the impact of the recent
financial crisis and trends in oil price on individual
stock and sector ETFs. Our analysis reveals that the
functional approach has an information content
different from that obtained from scalar factor
models for point-to-point returns.

A unified framework for variance
component estimation with
summary statistics in genomewide association studies
Session IP2b5
Xiang Zhou, Department of Biostatistics, University
of Michigan
Linear mixed models (LMMs) are among the most
commonly used tools for genetic association
studies. However, the standard method for
estimating variance components in LMMs—the
restricted maximum likelihood estimation method
(REML)—suffers from several important drawbacks:
REML requires individual-level genotypes and
phenotypes, is computationally slow, and produces
biased estimates in case control studies. To remedy
these drawbacks, we present an alternative
framework for variance component estimation
based on summary statistics, which we refer to
as MQS. MQS is based on the method of moments
(MoM) and the minimal norm quadratic unbiased
estimation (MINQUE) criterion, and brings two
seemingly unrelated methods—the renowned
Haseman-Elston (HE) regression and the recent
LD score regression (LDSC)—into the same unified
statistical framework. With this new framework,
we provide an alternative but mathematically
equivalent form of HE that allows for the use of
summary statistics.
We provide an exact estimation form of LDSC
to yield unbiased and statistically more efficient
estimates. Our framework also provides
asymptotic variance forms for both HE and LDSC,
avoiding the need of commonly used jackknife
re-sampling procedures that rely on individual
independence or block-wise SNP independence
assumptions. A key feature of our method is that
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it can effectively use a small random subset of
individuals for computation while still producing
estimates that are almost as accurate as if the full
data were used. As a result, our method produces
unbiased and statistically efficient estimates with
calibrated standard errors, requires only summary
statistics, while it is computationally efficient for
large data sets. Using simulations and applications
to 33 phenotypes from 7 real data sets, we
illustrate the benefits of our method for estimating
and partitioning SNP heritability.

clinical colleagues. Graphical techniques are often
utilized to summarize power and sample size
calculations. We propose the use of contour plots
to better assess, report and communicate the
sensitivity of clinical trial design assumptions.

Our method is implemented in the GEMMA software
package, freely available at xzlab.org/software.html.

Using power contours to assess
the sensitivity of clinical trial
design assumptions
Session IP2b6
Richard Zink, JMP Life Sciences, SAS Institute
Sample size calculations are an important part of
the design of any clinical trial. These calculations
ensure a sufficient number of patients to detect
a clinically-meaningful difference between
two treatments with high probability. Perhaps
less-often discussed, the sample size exercise
is important so that resources are not wasted
studying too many observations to test a particular
hypothesis. Since patients may be randomized to
doses of a novel treatment with a limited safety
profile, or a placebo which provides no therapeutic
benefit, sample size calculations in clinical trials
come with an ethical burden not experienced in
many subject-matter areas. Unlike many textbooks
that perform a single calculation to design an
experiment, the sample size of a clinical trial should
be determined using as much data as is available,
over a range of assumptions, and with input from
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CONTRIBUTED SESSIONS 1
Learning nonparametric
regression using Gaussian
processes with missing covariate
Abhishek Bishoyi, University of Connecticut
Missing data often appear as a practical problem
while applying classical models in the statistical
analysis. In this paper, we consider a nonparametric
regression in the presence of missing covariates
under Bayesian framework. For nonparametric
function estimation, Gaussian processes are a
popular tool because of their flexibility and the
fact that much of the ensuing computation is
parametric Gaussian computation. However,
the most frequently used covariance functions
of a Gaussian process are not well defined in the
absence of covariates. We propose an imputation
method to solve this issue and perform our analysis
using Bayesian inference, where we specify the
objective priors on the parameters of Gaussian
process models. We have shown that under mild
conditions, such objective priors assigned would
yield proper posterior, which has successfully
extended the results of Berger et al. (2001) and Ren
et al. (2012) into missing data framework. Several
simulations are conducted to illustrate effectiveness
of our proposed method and further, our method is
exemplified through Adsorption Isotherm data for
R-113 on BPL activated Carbon at 298 K.

Multivariate spectral variance
estimators in Markov chain
Monte Carlo
Dootika Vats, University of Minnesota

distribution. The Monte Carlo error in estimation
has an asymptotic normal distribution whose
multivariate nature has so far been ignored in
the MCMC community. We present a class of
multivariate spectral variance estimators for the
asymptotic covariance matrix in the Markov chain
central limit theorem and provide conditions
for strong consistency. We also show strong
consistency of the eigenvalues of the estimator.
Finally, we examine the finite sample properties of
the multivariate spectral variance estimators and
its eigenvalues in the context of a simple Bayesian
logistic regression model.

Sufficient variable selection via
an independence index
Qingcong Yuan, Department of Statistics, University
of Kentucky
Variable screening and variable selection are very
popular in modern data analysis. They are particular
useful for large p small n data. In this manuscript,
focusing on categorical response we propose a
new sufficient variable selection procedure: a
two-stage sufficient variable selections method.
Any independence measure can be adapted to our
proposed procedure, thus the procedure does not
require particular model specification. This modelfree approach makes our method robust against
model mis-specification, which is a very appealing
property in practice. In addition, our approach
always improves over typical screening approach
which only uses marginal relation. Numerical
studies are provided to demonstrate the advantages
of the finite sample performances.

Markov chain Monte Carlo (MCMC) algorithms
are used to estimate features of interest of a
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A study on pre ovular and post
ovular day counts and their
association with time to pregnancy
under joint modeling paradigm
Somak Chatterjee, George Washington University
Jointly modeling longitudinal variables and time
to event data is very important in biostatistics.
Focused study of female fecundity is relatively new
and provides some exciting problems. This article
applies the ideas from shared parameter paradigm
to a study of female fecundity; to take a closer look
at the behavior of pre and post ovular day counts
and their association with time to pregnancy.

Robust weighted LAD-adaptive
group-LASSO for functional
regression model
Jasdeep Pannu, Lamar University
Functional data has become increasingly frequent
and important in diverse fields of sciences,
engineering, and humanities, in the last two
decades. Data recorded densely over time is called
functional data. Variable selection is an important
problem in functional regression analysis, just as
in ordinary regression analysis. In this study, our
focus is on a functional linear regression model with
functional predictors and scalar responses where
functional coefficients of functional predictors are
to be estimated. Since a functional dataset has
issues of high dimensionality and multicollinearity
inherently, estimation of functional parameters
is complicated. Further, the presence of outlying
curves adds extra complication to the estimation of
the functional regression coefficients.

functional variable selection method based on L1
regularization. Recently, a method called functional
LAD-group LASSO (LAD-gLASSO) has been
developed which uses the combination of the well
known robust loss function least absolute deviation
(LAD) and penalty function group LASSO, where the
functional parameters are estimated and selected
through the minimization of the sum of the absolute
value of the errors and penalizing the parameter
functions. However, it is well-known that the LAD
based method is only resistant to the outlier in the
response variable, but not resistant to the outliers in
the explanatory variables (leverage points).
To address this problem we propose a new method
called functional Weighted LAD-Adaptive group
LASSO (WLAD-agLASSO). This method uses WLAD
function to down weight the leverage points and
Adaptive groupLASSO penalty criterion to assign
different weights to different coefficients to penalize
them differently. In order to show the performance
of the proposed method, we conduct an extensive
simulation and use a real dataset.

Singular values and odds ratiosa comparative study
Alfrad Nobel Bhuiyan, University of Cincinnati
Odds Ratios are ubiquitous when examining
association between two binary random variables.
In this note, we are thrusting forward singular
values onto the center stage as a competitor to the
odds ratios. Properties of singular values and odds
ratios are presented and contrasted. Test statistics
for testing independence are built based on sample
estimators of odds ratio and singular value. Power
function analysis gives an upper hand for the singular
value over the odds ratio. An application is outlined.

The objective of this research is to develop a robust
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Sensor fusion for normally
distributed noise estimation by
Snapshots techniques using foot
and mouth diseases massive data
sets in Karnataka State
Basavarajaiah DM, Veterinary College KVAFSU
Hebbal, India
The foot and mouth disease (FMD) is one of the
highly contagious viral diseases. causing illness
in cloven footed animals. The outbreak of this
disease can grave deleterious economic burden
on national GDP and global economic level. FMD
life data sets are often sparse and unable to guide
the policymakers on outbreak, epidemic attack,
vaccination status, impact of vaccination, economic
loss and mortality rate. Many intrinsic factors have
influenced FMD epidemic viz., Climatic, Intrasectoral
transmission, disease residual effect, hygiene of
the heard, food, shelter, drinking water etc. Over
a period of disease occurrence, impact factors,
different variants and confounders have aroused
from the FMD real life datasets.
Due to paucity of literature, no modified Statistical
and Mathematical tools have been availed for
reduction of high dimensional massive data sets.
In this context of the research gap, the present
study aims to fit Sensor fusion noise estimation
by Snapshots techniques for the reduction of
high dimensional massive real life FMD data sets.
The FMD high dimensional life datasets studied
pertained to the accrual period from 2005-2014.
The data on demographic profile, epidemic factors
and economic loss or constraints faced by the
farmers were collected through questionnaires.
Sensor fusion for noise estimation was simulated

by Mathmatica-16.50 version. The fitted model
estimates incidence rate, out break and economic
losses within subject noise attributes. Present
study recommends the improvement of life quality
domain, and also nurtures how best the model
would be applied in high dimensional data sets with
respect to traditional method.

Partial least squares regression
with application in chemometric
data
Basiru Yusuf, Jigawa State Polytechnic, Nigeria.
Regression analysis of large data sets (multivariate
data) such as chemometric and microarray data
which has more variables than the number of
observations (n << p) which are usually highly
collinear is usually inadequate using the classical
multiple regression analysis.
This paper employ the use of Partial Least Squares
Regression (PLSR) to remedy those inadequacies,
as a regression technique that regress through a
new orthogonal variables (latent variables) obtained
sequentially using a modified NIPALS Algorithm.
Benchmark dataset consisting 80 observation
and 700 wavelengths (variables) for independent
variables; and four response variables (Moisture,
Oil, Protein and Starch) of 80 observation also. The
data were randomly divided into estimation and
validation sets, consisting of 60 and 20 random
samples respectively. Regression Estimates were
obtained, Root Mean Square Error of Prediction
was computed to obtain the predict accuracy and
was used to determine the optimal number of
components in the model. Base on the results, 9,
7, 16 and 11 were found to be the optimal number
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of component in each of the model for the four
variables respectively in the PLS1 (Univariate
Case). Conclusively, PLSR is seen to be an efficient
method, very fast and suitable for handling large
data set capable of handling regression analysis of
chemometric data.

Modelling asymmetric bivariate
data using mixtures of rotated
copulas
Alphonce Bere, University of Venda
Copulas are widely used for modelling complex
multivariate dependencies. Our study offers a
framework for the application of pair-mixtures of
rotated copulas to model asymmetric dependencies
in bivariate data. We illustrate our approach by
applying mixtures of single-parameter Archimedean
and elliptical copulas rotated by 0, 90, 180 and 270
degrees to two astronomical data sets for which
Gaussian mixture models prove to be inadequate.
Compared to previous works, our approach is more
general, making it possible to use many candidate
copula models and at the same time utilizing all the
four standard rotations of the copulas.

Consistent modeling of index
and volatility derivatives with a
random field local volatility model
Boyu Wei, The University of Hong Kong
We propose a unified framework for the joint
modeling of an index and its local volatility surface.
This model enables index and volatility derivatives
to be priced consistently and reproduces empirical
features of the equity market, including the strong
negative correlation between the changes of SPX
and VIX, any observed term structure of variance

swap rates, and the volatility skews and term
structures observed in SPX and VIX options.
In the framework of the Heath-Jarrow-Merton
(HJM) philosophy, we start from an initial collection
of index options and their associated local volatility
surface, and show how to construct the arbitragefree evolution of this local volatility surface from a
Gaussian random field. This arbitrage-free condition
is similar to that of the dynamics of the forward
interest rate in the original HJM model. We also
present the relationship between the local volatility
model and the variance rate model. In the end, we
show how to implement our model numerically by
the Monte Carlo simulation and the finite difference
method, and how to simultaneously calibrate to the
prices of SPX options and VIX options across strikes
and maturities.

Transmuted Erlang-truncated
exponential distribution
Idika Okorie, University of Manchester, UK
This article introduces a new lifetime distribution
called the transmuted Erlang-truncated exponential
(TETE) distribution. The new distribution generalizes
the two parameter Erlang-truncated exponential
(ETE) distribution. A closed form expressions for its
distributional properties are fully provided; such as,
the probability density function (pdf), cumulative
density function (cdf), qth quantile function, mode,
kth crude moment, the kth central moment,
moment generating function (mgf), variance,
Renyi's entropy measure and order statistics. Also,
the reliability characteristics like; the reliability
function, hazard rate function and the mean
residual life time were also provided.
The method of least squares and maximum
likelihood estimation were proposed for estimating
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the parameters of the TETE distribution. The hazard
rate function of the TETE distribution could be
constant, unimodal or bathtub shaped depending
on the value of the transmutation parameter on
the interval [-1,1]; this property makes it more
reasonable for modeling various complex lifetime
data than the ETE distribution.

Bayesian regression with errors
from ESDIW distribution
Ahmad Flaih, College of Administration and
Economics - Statistics department, University of
Alqadisiyah
In real life, for a particular data set the construction
of the symmetric families distribution may not
exactly the appropriate distributions to model the
data. Given this situation an increased interest
to construction skewed distribution which is
analytically tractable. A skewed distribution extends
the symmetric distributions through adding a new
shape parameter that controls the weight of the
distribution tail or controls the skewness. Flaih
(2012) introduced the Epsilon Skew Double Inverted
Weibull (ESDIW) distribution as generalized to the
Inverted Weibull distribution proposed by Kahan et
al. (2008). Our goal is to make inference on using
Bayesian techniques for deriving the posterior
density function of the regression coefficient vector
when the errors are from ESDIW density.
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Rate of convergence for
maximum likelihood estimation
for mixture of uniform densities
Nilanjana Laha, Department of Statistics, University
of Washington
We consider paired observations coming from
a semiparametric mixture model. Here the
bivariate mixture density is a product of two
uniform densities, one of which has an unknown
scale parameter. We study the MLEs of the scale
parameter and the unknown mixing distribution G.
It appears that the MLEs can be calculated through
the connection of this model with the class of
monotone densities. It is shown that the MLEs will
be consistent with respect to an appropriate metric
for any G.
Under the assumption of bounded support for G, we
calculate the Hellinger bracketing entropy for this
class and deduce that the joint rate of convergence
of the MLEs in Hellinger distance is $n^{-1/3}$.
Under some more conditions on $G$ the pointwise
density estimate is shown to convergence at the
rate $(\log n/n)^{1/3}.$

Two-stage method in anomaly
detection using isolation trees
Si Liu, Oregon State University
In 2008, F. T. Liu, K. M. Ting, and Z. H. Zhou
proposed a method to solve anomaly detection
problems called the Isolation Forest. Unlike most
existing model-based approaches which construct
a profile of the normal instances and then classify
the instances that do not conform to this profile as
anomalies, the method of isolation forest explicitly
isolates anomalies. In the algorithm proposed
in their paper, the number of trees to be grown

is set to t = 100, which is based on the authors’
experience, but does not have theoretical support.
Here Dr. Mondal and Dr. Dietterich suggest that it
would be valuable to develop a stopping rule for
determining the number of trees in the isolation
forest, by making use of a sequential confidence
interval method.

Skewing methods for a
variance-stabilizing locally linear
regression estimator
Kiheiji Nishida, General Education Center, Hyogo
University of Health Sciences, Japan.
It is well known that kernel-type regression
estimators do not produce constant estimator
variance over domain. To correct the problem,
Nishida and Kanazawa (2015, Communications
in Statistics-theory and methods) propose the
variance-stabilizing (VS) local variable bandwidth
matrix for the multivariate locally linear regression
estimator (the LL estimator) and present the
condition under which the VS bandwidth matrix
outperforms the conventional one in terms of Mean
Integrated Squared Error.
In contrast, Choi and Hall (1998, Biometrika) propose
the skewing methods for the univariate LL estimator
in the context of bias reduction. The skewing
method assumes the convex combination of three
LL estimators of the common constant bandwidth.
The interval between the three LL estimators in
the convex combination is determined so as to
eliminate the higher order terms h2 and h3 in its
conditional bias.
To obtain the LL estimator with constant variance
in the context of Choi and Hall (1998) and without
employing the VS bandwidth in Nishida and
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Kanazawa (2015), we set the weight of the convex
combination of the three LL estimators to satisfy
at every x in the domain. However, the problem
is that the VS method has a limitation that we
cannot address all kinds of data. In the upcoming
presentation, we will present one way to overcome
this problem. We will also make a comparison
between the two VS methods for the LL estimator–
the VS bandwidth and the VS weight of convex
combination–in the skewing estimators.

Link misspecification in binary
regression
Evrim Oral, LSUHSC School of Public Health
Biostatistics Program
In this study we investigate the effects of link
misspecification in binary regression by extending
the work of Czado and Santner (1992) to stochastic
covariate case as in developed by Oral, 2006. We
specifically study common practice of assuming a
logit (canonical) link when in fact the underlying
true link is not canonical. We assume that the
covariates are from a skewed distribution, as in Oral
(2006), which is a very realistic case especially in
health related data.

Matrix-free computation for
spatial-temporal Gaussian
autoregressive model using
Kalman filter and h-likelihood
method
Chunxiao Wang, Oregon State University
We put forward a matrix-free computation for a
state-space model with Besag's spatial-temporal
Gaussian autoregression. The two basic components
of the computation consist of a novel matrixfree h-likelihood method for statistical inference
and residual maximum likelihood for parameter
estimation. For the h-likelihood method, we use
scalable Lanczos algorithm to find the BLUP by
solving Henderson's mixed equations. And for the
REML computation, we use Lanczos algorithm,
stochastic estimators and trust region method
to find the solutions for REML score equations.
Furthermore, we show that the computations can
be extended to statistical inference of injectiondiffusions and blurred generated models. The
method is illustrated by a simulation study and
applied to the surface temperature anomalies over
the tropical Pacific Ocean.

We compare likelihood ratio test statistics, bias and
standard error of MLEs and assess graphs of true
versus estimated probability values under several
misspecified models. Finite sample effects are
investigated through simulation studies for small
(n=25) and large (n=50, 100, 200) sample sizes.
We show that if the true link is not logit, applying
the standard methods create bias especially in
the predicted probabilities, so researchers should
consider fitting other link functions to their data as
well if they want to improve the overall fit of the
binary regression.
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