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Preface

In recent years, frequent epidemic outhreaks and natural or man-made
disasters are challenging the disease control/prevention and security sys-
tems in many countries. Facing this challenge, a type of healthcare serv-
ice center has shown its great potentials in providing telephone triage to
help ensure that medical care is delivered at the appropriate level in
response to emergency events. Similarly, in security screening including
visa issuance, cargo inspection, and airport security screening, in-
creased attention has been paid to operational techniques to better re-
spond to natural and man-made hazards and mitigate the negative impact
on people’s life.

Motivated by real applications, this book studies an important as-
pect of service operations in the above special areas—the quality and effi-
ciency tradeoff. High speed/efficiency is important but not at the sacri-
fice of quality. In addition, considering the management uncertainty and
complexity involved in these highly human-centric contexts, this book fo-
cuses on modeling and analyzing the service provider’s autonomy in deter-
mining service time and service depth, as well as customers’ autonomy in
service choice, especially the impact of the equilibrium behavior in serv-
ice design.

The goal of this book is to provide analytical frameworks for model-
ing this aspect, and understanding its effect on costs and revenue in
service operations management. To accomplish this goal, three manage-
ment problems are formulated and analyzed in healthcare systems, secur-

ity systems, and scheduling, respectively. The novelty of this book,
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compared to previous studies, is that it highlights and analyzes in detail
the quality and efficiency tradeoff widely existing in healthcare and secur-
ity. Results generated in this book are expected to provide systematic
guidance and valuable insights for current practice.

This book is mostly based on my Ph. D. thesis work at the Tepper
School of Business, Carnegie Mellon University and other work after I
join the faculty group at the School of Business, Renmin University of
China. I am grateful to my Ph. D. advisors Professor Alan Scheller-Wolf
and Professor Stephen F. Smith at Carnegie Mellon University for their
constant support and guidance throughout my graduate program. I would
also like to express my gratitude to Professor Laurens Debo at University
of Chicago, who initiated a challenging but interesting project in health-
care and guided me to finish the research work in healthcare. The knowl-
edge and ideas in the security areas have greatly benefited from my col-
laboration with Professor Jun Zhuang at University of Buffalo. The
knowledge and ideas in healthcare practice have benefited from Professor
Martin Gaynor at Carnegie Mellon University who initiated my contacts
with the healthcare insurance companies. Some of my ideas and practical
knowledge in healthcare originate from my interactions with the people at
Children’s Hospital of Pittsburgh. I would particularly like to thank Dr.
Richard Saladino and Ms. Deborah Lesniak for inviting me to join their
project team and helping me reach the right information sources. I also
thank Jennifer lagnemma and Tom Gentle for their selfless help. 1 thank
my colleagues at Renmin University of China and my family. Without
their care and help, I cannot enjoy the process of writing this book.
Finally, I thank the funding support by the National Natural Science
Foundation of China (No. 71001102).

Xiaofang Wang
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Chapter 1

Introduction

The continually escalating expenditures for healthcare and frequent epi-
demic outbreaks have motivated this industry to seek guidance from Oper-
ations Management (OM). This has not always been easy:A significant
challenge of applying operations management theory to healthcare is that
in contrast to manufacturing or other service systems, healthcare service
delivery is a human-centric and high-risk process. Thus well-established
operations management theories need to be further studied in order to ad-
dress typical concerns in healthcare such as quality, safety, efficiency,
staffing and patient satisfaction.

Similarly , natural or man-made disasters have challenged the current
security systems in many countries. Specially,in security screening inclu-
ding visa issuance, cargo inspection, and airport security screening,
increased attention has been paid to operational techniques to identify
attacks more efficiently while mitigate the negative impact on the normal
people.

In this book, we focus on providing optimization frameworks to ad-
dress the above concerns in a unified manner. Specifically,with applica-
tions in diagnostic service centers and security screening respectively , we
study an important aspvcl’of service operations management : the service
quality and efficiency tradeoff. In addition, we study how a manager can
generate a high quality schedule in a timely manner. The remainder of
the book is organized as follows.

In Chapter 2,a management problem is motivated by a type of diag-
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Balancing Service Quality and Efficiency in Healthcare and Security Systems

nostic service center,in which customers have autonomy to decide whether
to call the service center staffed by nurses, based on their expectation of
diagnostic accuracy and the waiting time due to call congestion. Since
longer service ( greater service depth) typically entails higher accuracy,
but also more congestion,the manager must jointly decide on the optimal
service depth and the staffing level to guide and manage a diagnostic
process between agents and customers. We build a model and establish its
structural properties analytically. We find that the dual concerns of accu-
racy and congestion lead to a counterintuitive impact of capacity : Increas-
ing capacity might increase congestion. The insight for management indi-
cates that staffing, quality, and depth of service considerations require
careful consideration in healthcare.

In Chapter 3, the second management problem is motivated by the
concerns on security and congestion appearing in security screening. Se-
curity screening is widely used to identify and deter potential threats(e. g. ,
attackers , terrorists , smugglers , spies) among normal applicants wishing to
enter an organization, location, or facility. Generally, in-depth screening
reduces the risk of being attacked ,but creates delays that may deter nor-
mal applicants and thus,decrease the welfare of the approver ( authority,
manager ,screener). In this book,a model is developed to determine the
optimal screening policy to maximize the reward from admitting normal
applicants net of the penalty from admitting bad applicants. We provide
analytical solutions for the optimal non-discriminatory screening policy
and numerical illustrations for both the discriminatory and non-discrimi-
natory policies. In addition, we discuss more complex scenarios including
imperfect screening, abandonment behavior of normal applicants, and non-
zero waiting costs of attackers.

In Chapter 4, we motivate a generalized scheduling problem in the

context of the quality/efficiency tradeoff. A project network composed of
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Chapter 1 Introduction

discretionary tasks typically exists in service professions,such as journal-
ism , clinic, software development or financial analysis, where the quality
(or value) of a task increases with the time spent on it. Since a longer
task duration consumes more resources (1. e. ,workers’ time ) ,the project
manager must strike a balance between quality and time by scheduling
tasks and setting their durations while respecting the project deadline,
precedence and resource constraints. The ability to vary task durations
provides a unique dimension of managerial flexibility , different from tradi-
tional purely time-based ( make-span or weighted tardiness) scheduling.
We formulate this problem, give a polynomial time optimal algorithm for
the single capacity case, and prove the NP-completeness of the general
multiple capacity case. Then we develop two hybrid solution procedures
integrating linear optimization and an Al search procedure—precedence
constraint posting—for the general case. Our results verify the effective-
ness of these procedures and show there exists a potential synergy be-
tween objectives of maintaining temporal flexibility and maximizing quali-
ty ,which implies exiting techniques in building flexible schedules can be
adapted to solve this new class of problems.

We present the conclusions derived from the theoretical results and
experimental observations in this book in Chapter 5. Then we describe
several possible extensions to enhance our models. Finally, we discuss

problems which are interesting and related, but beyond the scope of this

book.



Chapter 2

Diagnostic Service Centers -

According to statistics reported by the Centers for Discase Control and
Prevention ( McCaig and Burt,2005) in the United States, during 2003,
of an estimated 113. 9 million emergency room visils, 13% were non-
urgent. At an estimated average cost of $300 per emergency room visit
(Machlin,2006) ,a cost of $4.4 billion can be managed more efficiently
by directing patients to the appropriate care center. This explains why
health plans, managed care organizations, hospitals and physicians are
investing in a special type of service center. Health plans and managed
care organization suffer direct costs due to unnecessary visits , while hospi-
tals and physicians suffer from the indirect inconvenience cost ( staff
stress, bad reputation) from the increased crowding,as well as the oppor-
tunity cost incurred by failing to provide care to other patients. This spe-
cial type of service center provides high-quality decision counseling
advice to patients over the phone about what the most appropriate course of
action is based on their symptoms, enabling them to make more informed
and thus more cost-effective treatment decisions (Sabin,1998). We call
these service centers “diagnostic service centers. ” We use “diagnostic”
to characterize the information ( advice) provided by these service cen-

ters, which is valuable for making decisions, and is not bundled with

(@ This chapter is mainly based on the author’s thesis and her joint work with Professor
Laurens Debo, Professor Alan Scheller-Wolf and Professor Stephen Smith ( Wang et al. ,2010a).

@ All proofs of theorems and propositions in this chapter are listed in the appendix availa-
ble upon request from the author.
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Chapter 2 Diagnostic Service Cenlers

treatment. It is a diagnosis within nurses’ capacily as prolessionals, not
equivulvnl to medical or clinical (|i;lg|m.~'is |n-rllu'nu-(| |b) doctors , where
legal issues may be involved ( Kabala, 1998 ). Besides the benefit of
making patients feel more empowered  helping patients select appropriate
services can reduce unnecessary costs ineurred when patients present
themselves for inappropriate treatments. Providing help in making these
decisions is crucial ; One delining feature i healtheare markets is that
consumers have dilfliculties in identifying their needs ;and thus find it hard
to match their needs 1o the most appropriate treatment option ( Arrow ,
1963). As a result,a large proportion of healtheare costs are caused by
unnecessary physician or emergeney room visils thal arise because con-
sumers overestimale the severity of their illness ( Herzog, 2003 ; Lynch
2000).

Managers of such centers must strike a balance among accuracy of
advice | callers” waiting time , and staffing costs by setting the appropriate
staffing levels, skills sets, and service depth. Patients decide whether to
use such a diagnostic based on their expectation of accuracy of advice and
waiting time due to call congestion.

Diagnostic service centers have been used in many cities in the United
States under different names ,such as nurse line ,nurse hot line , nurse tri-
age line , telephone triage , and nurse help line. They provide a medical
triage phone service,to help patients choose the appropriate care, at the
appropriate place, at the appropriate time ( NurseResponse, 2007 ).
Patients may call a health coach (usually a registered nurse) 24 hours a
day,7 days a week. Health coaches provide support over the telephone to
help patients interpret and act on symptoms, deciding among treatment
options. For example, Should I go to the emergency room? Should I
schedule an appointment with my doctor? Should I try self-care? A similar

description of these options can be found at nurse line vendors such as
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