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Preface

In recent years, pharmaceutical practice and policy research has gained prom-

inence due to the increasing visibility of pharmacists, pharmaceuticals, phar-

macist services, and pharmacy systems in the healthcare system. Providers,

patients, payers, and policy makers are concerned about cost, access, and

quality of pharmaceutical care. There is increasing pressure on pharmacists

and pharmacy systems to improve efficiency, effectiveness, and safety of

pharmaceuticals and pharmacist services. This requires evidence-based prac-

tices and policies rooted in sound scientific principles to achieve the desired

healthcare goals.

Scientific innovations have played a prominent role in the growth of the

pharmaceutical market. Pharmaceutical firms have traditionally funded

basic and applied research on pharmaceuticals. Federal agencies such as the

National Institutes of Health (NIH) and the Agency for Healthcare Research

andQuality (AHRQ) have strongly supported safety and effectiveness studies

for pharmaceutical products. These fundingmechanisms have led to extensive

growth in the pharmaceutical product knowledge base in terms of safety and

effectiveness. It is not only vital to have a scientific knowledge base but also

important to incorporate the existing knowledge into current practices and

policies. This is often referred to as evidence-based practice and policy.

Increasingly evidence-based medicine has become synonymous with quality

of health. Several nonfederal agencies, such as the Joint Commission and

National Committee forQuality Assurance, have developed processmeasures

of quality from these proven practices. The AHRQ (2008) has funded several

centers across the nation to generate and promote evidence-based practices

and the emphasis on their implementation continues to increase.

Recently, researchers and practitioners are focusing on comparative effec-

tiveness to improve efficient use of pharmaceutical products. The goal of the

comparative research is to provide information to decision makers at

both individual and population levels (Institute of Medicine 2009). The com-

parative effectiveness research has come to the forefront due to limited com-

parative data on safety and effectiveness. The efficacy data derived from

placebo-controlled clinical trials are designed for the drug approval process.
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Comparative effectiveness research is based on the concepts of evaluation of

alternatives to select an appropriate agent to optimize patient outcomes. In

fact, the AHRQ (2009) has funded the Centers for Education andResearch on

Therapeutics (CERTs) to conduct research to optimize use of medications.

The growth of the knowledge base and funding support from federal and

nonfederal agencies clearly demonstrates the need and importance of phar-

maceuticals in healthcare. However, the knowledge base and support for

pharmacist services or pharmacy systems research has been limited when

comparedwith other professional services and pharmaceutical product-based

research. Concepts such as pharmaceutical care andmedication therapyman-

agement need a strong knowledge base and a wider acceptance to implement

evidence-based patient care practices. This requires concerted effort to move

from abstraction to operationalization and evaluation. There is a need to

develop a knowledge base that has internal validity (efficacy) and external

validity (effectiveness). The effectiveness research has the additional benefit of

providing generalizable information for policy making (Wells and Strum,

1996). With increasing emphasis on efficiency, effectiveness, and safety, the

scientific knowledge base will be a critical component of pharmaceutical

practice and policy.

Pharmaceutical practice and policy research has evolved over the years

consistent with the changes in the profession, delivery of pharmaceutical care,

and applied research methodologies. These applied research methodologies

are derived from various disciplines. Consequently, faculty and students

involved in pharmaceutical practice and policy research have traditionally

used research methods textbooks from education, psychology, behavior

sciences, and other applied research areas. Although there are several text-

books relevant to health services research, very few are available in pharma-

ceutical practice and policy research. This book is an earnest attempt to bring

relevant content and expertise to conducting pharmaceutical practice and

policy research. Its structure and content is based on years of experience

teaching and applying the principles of pharmaceutical practice and policy

research.

This textbook covers a wide range of topics for conducting scientific

research starting with conceptualizing research and ending with statistical

analysis. Traditionally graduate courses emphasize the theoretical aspect

of applied research to provide a strong research foundation. However, this

can lead to a strong understanding of concepts without appreciation for

application. Pharmaceutical practice and policy research is applied research

to address issues related to pharmacists, pharmaceuticals, pharmacist ser-

vices, and pharmacy systems. The goal of the book is to provide both a

theoretical and a practical framework for conducting pharmaceutical practice

and policy research. Special emphasis is placed on examples and practical

procedures that are important in implementing research.

xiv | Preface
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There are 16 chapters in this textbook. Each chapter is designed to provide

an understanding and application of the critical elements for conducting

pharmaceutical practice and policy research. Chapter 1 defines pharmaceu-

tical practice and policy research in the context of health services research,

and explains the process of scientific inquiry in general and the overall process

of pharmaceutical practice and policy research in particular. Chapter 2

explains concepts and constructs, and discusses the testing and application

of common theories relevant to pharmaceutical practice and policy

research. Chapter 3 focuses on the operationalization process, with emphasis

on developing research problems, research questions, hypotheses, and oper-

ational definitions. Chapter 4 describes the concept and levels of measure-

ment, discusses reliability and validity, and methods commonly used to

evaluate reliability and validity. Chapters 5 and 6 provide experimental and

nonexperimental approaches for conducting pharmaceutical practice and

policy research. Chapter 5 discusses various types of experimental research

designs to address cause and effect relationships and issues related to validity

threats and Chapter 6 provides an overview of observational designs and

techniques relevant for conducting nonexperimental research. Chapter 7 pre-

sents the key steps in designing a sampling plan including target population

definition, sampling approaches, and determinants of sample size.

Chapter 8 provides a practical guide to understanding and implementing

systematic reviews to uncover the existing knowledge base by ordering

and evaluating the available literature. Chapters 9 and 10 discuss issues

related to research methodologies in pharmaceutical practice and policy

research. Chapter 9 provides an overview of qualitative, quantitative, and

mixed data collection methods and Chapter 10 examines principles of

survey design to provide a practical framework for designing and conduct-

ing effective surveys. Chapter 11 provides the statistical framework to

analyze data for various research designs and questions. Chapters 12–14

describe research approaches based on secondary data: Chapter 12 provides

the analytical framework including analytical files, data structure, and

medical coding conventions to conduct research based on Medicare and

Medicaid data; Chapter 13 provides an overview of the major types of

commercial data and discusses issues to be considered when choosing com-

mercial data sources; and Chapter 14 provides descriptions of common

national survey data sources and research and analytical considerations

in using national survey data for research. Chapter 15 describes approaches

and reviews standards for conducting effective program evaluations.

Finally, Chapter 16 examines major issues and trends influencing the future

of pharmaceutical practice and policy.

This textbook is designed for entry-level graduate students in pharmacy

administration, pharmaceutical evaluation or policy, or health services

research focusing on pharmaceutical policy and practice issues. The contents

Preface | xv
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of the book can be delivered in one semester. Each chapter builds on the

previous chapters to logically progress from conceptualization to implemen-

tation of research studies. Additional reading and a project/proposal can

improve the critical thinking skills of the students and also provide a mech-

anism to implement the research techniques. The online resources and chapter

references can be used to supplement the content. In addition, recent journal

articles relevant to the chapter can be useful in strengthening the conceptual

and practical understanding of principles and techniques of conducting phar-

maceutical practice and policy research. This book can also be an excellent

resource for pharmacy students in professional programs, undergraduate

students in pharmaceutical sciences, and pharmacists in residencies and fel-

lowships, while also providing a useful tool to pharmacy practitioners and

researchers.

I would really appreciate feedback from students and faculty for future

editions. All knowledge is considered as work in progress including the con-

tents of this book.

Rajender R Aparasu, MPharm, PhD

Houston, Texas

August 2010
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1
Scientific approach to
pharmaceutical practice
and policy research

Rajender R Aparasu

Chapter objectives

* To define pharmaceutical practice and policy research
* To introduce the knowledge base and stakeholders in

pharmaceutical policy research
* To describe the guiding principles for scientific inquiries
* To discuss the stages of pharmaceutical practice and policy

research

Introduction

Pharmaceuticals and pharmacist services are integral parts of healthcare

delivery, and pharmacists and pharmacy systems play a critical role in current

healthcare. Pharmaceutical practice and policy research is an applied field of

research that deals with issues impacting pharmaceuticals, pharmacists, and

pharmacy systems. It has evolved over the decades consistent with changes in

healthcare delivery in general and the evolution of pharmaceutical care in

specific. Applied research methodologies in health services research have also

been instrumental in the growth of pharmaceutical practice and policy

research. Pharmaceutical practice and policy research helps in the growth

of the applied scientific knowledge base to aid decisions relevant to patients,

providers, payers, and policy makers. It also helps to improve the practice of

pharmacy and promote the profession. With increasing complexities of deliv-

ering pharmaceutical care, research has become the cornerstone in safe and

effective delivery of pharmaceutical care.
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The goals of health and pharmaceutical care are centered on improving

populations’ health and quality of care (Hepler and Strand 1990; Shi and

Singh 2004; Institute ofMedicine 2008). This requires that care of patients be

grounded in scientific research (Institute of Medicine 2008). Pharmaceutical

practice and policy research will not only help to improve the quality of care

but also enhance the role of pharmacists and pharmacy systems in the delivery

of healthcare. Health policy, including policies directed toward pharmaceu-

tical and pharmacy systems, involves actions by governmental agencies and

other players designed to influence the health of the population (Miller

1987; Ruwaard et al. 1994). These administrative actions influence the dis-

tribution and utilization of healthcare resources and delivery. To this end,

research can be instrumental in the development and implementation of

pharmaceutical policies (Willison and MacLeod 1999). This chapter defines

pharmaceutical practice and policy research in the context of health services

research, and presents the knowledge base and stakeholders in pharmaceuti-

cal practice and policy research. Finally this chapter explains the process of

scientific inquiry in general and the process of pharmaceutical practice and

policy research in particular.

Pharmaceutical practice and policy research

Health services research

Health services research is the broadest applied field of research dealing

with all aspects of the healthcare system. Pharmaceutical practice and

policy research is a component of health services research dealing with

the delivery of pharmaceuticals and pharmacist services. An understanding

of health services research can help to appreciate the scope and the goals of

pharmaceutical practice and policy research. The Academy for Health

Services Research and Health Policy, also referred to as AcademyHealth,

has defined health services research as a “multidisciplinary field of scientific

investigation that studies how social factors, financing systems, organiza-

tional structures and processes, health technologies, and personal behaviors

affect access to health care, the quality and cost of health care, and ulti-

mately our health and well-being” (Lohr and Steinwachs 2002). According

to the Agency for Healthcare Research and Quality (AHRQ 2002), health

services research examines how people access healthcare, the cost of care,

and the result of this care on patients. The Institute of Medicine (IOM

1994) has defined health services research as “a multi-disciplinary field of

inquiry, both basic and applied, that examines access to, and the use, costs,

quality, delivery, organization, financing, and outcomes of health care

services to produce new knowledge about the structure, processes, and

effects of health services for individuals and populations.” These definitions

2 | Research Methods for Pharmaceutical Practice and Policy
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emphasize the scope and breadth of health services research in addressing

cost, access, and quality of healthcare.

According to the IOM (1991), the goal of health services research is “to

provide information that will eventually lead to improvements in the health of

the citizenry.” The research domains of health services research are individ-

uals, families, organizations, institutions, communities, and populations

(Lohr and Steinwachs 2002). The stakeholders who have an interest in health

services research include patients, providers, payers, healthcare administra-

tors, and policy makers. The goals of health services research are more spe-

cific, according to the AHRQ (2002). Themain goals are “to identify themost

effective ways to organize, manage, finance, and deliver high quality care;

reduce medical errors; and improve patient safety.” These goals focus on

generating knowledge to improve efficiency, effectiveness, and safety of

healthcare services.

The IOM (1991) provided broad direction in the areas of health services

research to address the future healthcare needs, including the following:

* Organization and financing of health services: healthcare delivery and

financing are changing due to increasing healthcare expenditures.

Research can evaluate the impact of health insurance and cost

containment measures on access, cost, and quality of healthcare.
* Clinical evaluation and outcomes research: assessment and improvement

of quality of care are paramount in delivery of healthcare. Research can

provide evidence-based data on prevention, diagnoses, and treatment to

facilitate rational and effective decisions.
* Monitoring and accountability: clinical and financial responsibilities have

increased for providers, payers, and policy makers. Research can develop

and evaluate well-accepted clinical and financial indicators based on the

methodologies derived from operational research and industrial

management.
* Informatics and clinical decision-making: medical information systems

will play a key role in the delivery and evaluation of healthcare services.

Research can document and disseminate the role of informatics in clinical

decision-making.
* Populations and communities: healthcare delivery systems serve the

healthcare needs of populations and communities that are ethnically

and culturally diverse. Research can help to understand disparities in

race, and patient behaviors that impact the health of individuals and

populations.
* Provider and consumer behavior: consumers, policy makers, managers,

and providers are increasingly making decisions within internal and

external constraints. Research can help to examine clinical, ethical, and

financial considerations in prevention, diagnoses, and treatment.

Scientific approach to pharmaceutical practice and policy research | 3
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* Healthcare personnel: diverse professionals with varying training and

background are involved in the delivery of complex medical care.

Research can address the training and work force needs of physicians and

allied healthcare personnel to improve access, cost, and quality of

healthcare.

Pharmaceutical practice and policy research

Historically, the term “pharmacy administration” has been used to define

pharmaceutical practice and policy area because it mostly dealt with

administration issues, such as acquisition, management, and operations in

pharmacy (Blaugh and Webster 1952). The areas covered included account-

ing, economics, marketing, management, and law. Manasse and Rucker

(1984) defined pharmacy administration as a “sub-discipline of the pharma-

ceutical sciences which centers on the study of and education in the applied

social, behavioral, administrative and legal sciences which bears upon the

nature and impact of pharmacy practice regardless of environment.” Hepler

(1987) proposed the following research areas for support of pharmacy prac-

tice: relationship and organization of the pharmacy profession in society,

professionalization including training and evaluation, drug use control

involving formative and summative research, and organization decision-

making.

Einarson (1988) defined pharmacy administration as “an applied disci-

pline involving the study of phenomena and relationships associated with

drugs.” It encompasses research, evaluation, management of pharmaceuti-

cals, patients, and pharmacy systems. According to Einarson, pharmacy

administration issues are examined at “micro, macro, and global levels from

financial, economic, managerial, legal, ethical, and social, behavioral, educa-

tional, and historical perspectives.” Einarson’s definition is consistent with

the definition of health services research but is specific to pharmacy issues. In

the last few decades, practice- and policy-based research has expanded from

community pharmacy issues to system level issues covering broad areas

related to delivery of pharmaceuticals, pharmacist services, and pharmacy

systems.

The proposed definition extends Einarson’s (1988) definition within the

context of health services research. For the purposes of this book, pharma-

ceutical practice and policy research is defined as a multidisciplinary field of

scientific investigation that examines cost, access, and quality of pharma-

ceutical care from clinical, sociobehavioral, economic, organizational, and

technological perspectives. It increases knowledge and understanding of the

structure, processes, and outcomes of pharmaceuticals, pharmacist services,

and pharmacy systems for individuals and populations. Understanding
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pharmaceutical practice and policy research in the context of health

services research provides the subject breadth and methodological depth

to conduct research to address practice- and policy-related issues across

the healthcare spectrum. Pharmaceutical practice and policy research terms

and definitions reflect the changes in the practice of pharmaceutical care

and advances made in areas such as pharmacoepidemiology and pharmaco-

economics. The goal of pharmaceutical practice and policy research is

to provide information on pharmaceuticals and pharmacist services to

improve patient outcomes. Pharmacists and pharmacy systems are the

means by which the practices and policies based on scientific research can

be implemented.

Pharmaceutical care practices have evolved due to complexities in deliv-

ering pharmaceuticals and pharmacist services in diverse healthcare settings.

The current stakeholders such as investors, healthcare institutions, prescri-

bers, payers, patients, regulators, and policy makers reflect these complexi-

ties. The prominence of chain pharmacies in the market place has altered the

dynamics of prescription delivery and pharmacist services in community set-

tings. Health-system pharmacies have developed diverse medication delivery

systems and medication therapy management services specific to institutional

settings. The role of allied health professionals has expanded in the area of

prescription medications; no longer is the physician the sole prescriber of

medication. Insurance companies and pharmacy benefit managers, involved

in reimbursing and managing pharmacy benefits, have created diverse pre-

scription plans to deal with rising prescription costs. Medicaid and Medicare

are increasingly playing a role in pharmacy reimbursement systems for med-

ications and medication therapy management programs. The role of policy

makers and regulators gained prominence due to increasing visibility of

pharmaceuticals, pharmacists, and pharmacy systems in healthcare. The

patient’s role in the medication use process is still prominent due to cost

shifting, increasing access to health information, and growth of prescription

alternatives.

The same knowledge base is necessary to conduct both pharmaceutical

practice and policy research and health services research. Awareness of

research concerns in each of these areas is vital in conducting pharmaceutical

practice and policy research. Consequently, the methodologies used are as

diverse as the issues. The research methodologies are often derived from

epidemiology, economics, sociology, psychology, statistics, management,

and marketing. The research techniques vary based on the expertise, avail-

ability of tools, and objectives of the study; the key elements of scientific

inquiry have, however, remained the same over the years. Understanding

the key elements of scientific inquiry is critical in conducting pharmaceutical

practice and policy research.
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Scientific inquiry

The purpose of scientific inquiry is to create knowledge or a body of infor-

mation that can explain observed phenomena. The information generated

from scientific inquiry is used to develop theory or laws. Although some

may argue that theory and laws have different connotations based on the

acceptance of knowledge, both emanate from the findings of scientific inqui-

ries. Frequently, theories and laws are tested scientifically to confirm their

applicability to observed phenomena across research areas, and may then be

revised to reflect a new body of knowledge. Theories or models are often used

in health services research. Theories commonly discussed in pharmaceutical

practice and policy research include the Andersen Model of Health Care

Utilization Behavior, Health Belief Model, and Theory of Planned Behavior

(Ajzen 1991; Janz et al. 2002; Andersen 2008).

Scientific research is defined as a “systematic, controlled, empirical, and

critical investigation guided by theory and hypothesis about presumed rela-

tionships among such phenomena” (Kerlinger 1986). Research is an ongoing

process to refine the existing knowledge of relationships. Knowledge gener-

ated through research is used by practitioners and policy makers to make

decisions to improve the health of the population. The term “evidence-based

practice” is currently being used to strengthen healthcare practices based on

research (IOM 2008). As research is an ongoing process it is critical to make

healthcare decisions based on the current state of knowledge. Often, lack of

appreciation and application of the key elements of scientific inquiry can

endanger practices and policies (Majumdar and Soumerai 2009).

Sometimes adoption of knowledge generated by scientific research for prac-

tice as well as policy lags behind for various reasons. In recent years concerted

effort is being made to implement evidence-based practice and policy at

various levels of healthcare delivery.

The National Research Council (NRC 2002) developed guiding principles

for all scientific inquiries. These principles are applicable to any scientific

research, including pharmaceutical practice and policy research. The guiding

principles purport that the research should: (1) pose a significant scientific

question that needs empirical investigation; (2) link research inquiry to rele-

vant theory; (3) utilize relevant methodologies that involve direct investiga-

tion; (4) provide coherent and explicit reasoning; (5) replicate and generalize

across studies; and (6) provide a mechanism for scientific scrutiny. These

principles strengthen the process of scientific inquiry and help to generate

knowledge that benefits society.

Pose a significant scientific question that needs empirical investigation

This principle requires two characteristics, namely significance and empiri-

cism. The significance of a question is judged on the quality of the question in
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relation to the existing knowledge base and information generated by

research to advance the existing knowledge. The significance of a question

can be evaluated based on the literature review on the topic and its relevance

to practice and policy. Pharmaceutical practice and policy research is consid-

ered to be applied research; consequently, the research question should have

clear implications for practice and policy. Empiricism refers to information

obtained by experience or explicit observation. It is based on the philosophy

of positivism (Green and Browne 2005). Positivism is knowledge of natural

phenomena derived from empirical evidence. Empirical data necessitate con-

ceptualization and measurement; therefore, the scientific research questions

must possess these characteristics. The objectivity and verifiability of empir-

ical data are critical to research. Objectivity ensures that there is no bias in the

data used for the research.

Link research inquiry to relevant theory

Scientific theories are valuable in understanding the research question under

an existing or newly developed relationship framework. They are conceptual

models used to observe and explain a phenomenon. Theories help tomake the

phenomenon of interest understandable in a broad conceptual, as well as a

practical, framework (Brazil et al. 2005). The conceptual framework, based

on a single theory or multiple theories, elucidates the relationships of interest

and guides the hypothesis development in the research process. It also pro-

vides a framework for other aspects of the research process, including data

collection, analysis, and interpretation. Often, pharmaceutical practice and

policy research is based on behavioral, economic, social, psychological, and

medical theories. Although theory-driven research is important in the

research process, it may not be possible to link all research questions to a

theory in pharmaceutical practice and policy research. Sometimes, the knowl-

edge base in a given area of interest may not permit utilization of theory as

theories are not available or not well developed in that specific area. Such

studies are referred to as explorative studies. These studies are driven by a

practically relevant question.

Utilize relevant methodologies that involve direct investigation

Scientific methods include research designs, data collection procedures, and

analysis of data. Research designs refer to the structural framework of inves-

tigation (Mikeal 1980). They include specification of variables of interest,

time order sequencing of variables, and sampling and allocation procedures.

The primary focus of research is on stimulus and response variables. The

stimulus variable is also referred to as the intervention, exposure, or indepen-

dent variable. The response variable is also known as the outcome, disease,
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or dependent variable. These variables have to be clearly specified and

operationalized. The time order sequencing refers to the timing of the mea-

surement of variables of interest. The classification of study designs such as a

cross-sectional or longitudinal design is based on the time order sequencing.

Data collection procedures operationalize the research question and vari-

ables of interest. Empirical methodologies are based on acceptable definition

and data collection methods. The data collection process can be self-reports,

physiological measurement, or behavior observation. This can involve col-

lection of data by the researcher, called primary data, or data collected by

others for reuse, called secondary data. Data collection procedures are

critical in the research process and they have to be planned and implemented

properly to achieve the research objective. Data analysis involves processing

of data based on statistical principles. The choice of statistical analysis is

based on the research question, type of variables, research design, and other

factors.

Provide coherent and explicit reasoning

Inferential reasoning involves explanations, conclusions, and predictions

based on the research findings. It is also needed to explain the information

obtained from data analysis. This requires an understanding of underlying

theory, formulated hypothesis, research design and methodology, and

research findings. The reasoning and explanations for linking the findings

to the theory or previous research should be logical. Often, research guided by

theory and hypothesis is strong due to their ability to explain the research

findings (Brazil et al. 2005). The strength of the evidence is interpreted based

on these explanations. The discussion of the findings also requires under-

standing of limitations. The limitations of research are driven by research

design, data collection procedures, and analysis.

Replicate and generalize across studies

This principle addresses two interrelated concepts in sociobehavioral

research, namely reproducibility and validity. Reproducibility, also known

as reliability, refers to consistency of evidence across studies. Data collection

and the measurement process in individual studies focus on reliability and

validity to strengthen the study findings. The reproducibility principle empha-

sizes the reproducibility of empirical evidence from one research study to

another. Consistency of findings strengthens the evidence as well as the

underlying theory or model in applied health and pharmaceutical research.

Applied research involves implementation of research methodologies in

realistic settings. The extent of control in applied research is not the same

as in the natural sciences. In addition, the inherent variability in research
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methodologies, such as surveys and interviews, requires reproducibility to

strengthen the research findings. Generalization, also scientifically known

as external validity, refers to the extent to which the findings are applicable

to other people, places, and time. Applied health and pharmaceutical research

is constrained for various reasons, including samples, location, duration, and

resources. It is important to generalize the findings across time, space, and

populations. This may also require further research of diverse people, places,

and times. The continued discussion of efficacy and effectiveness is a classic

example of the generalizability issue (Godwin et al. 2003). Efficacy evidence

is derived from the data based on ideal and controlled clinical settings.

Effectiveness evidence is derived from studies based on actual practice set-

tings. The ability to generalize findings from clinical trials (efficacy) to actual

practice (effectiveness) is an indicator of the strength of the evidence and its

applicability across time, space, and populations.

Provide a mechanism for scientific scrutiny

Scientific research requires scrutiny by peers; this is critical for scientific

progress. All aspects of implementation of research, research findings, rea-

soning, and conclusions must be carefully reviewed. Scientific scrutiny entails

discussion and debate by peer researchers and practitioners. The research

report, also known as a manuscript, is often submitted to a peer-reviewed

journal for scientific scrutiny. All aspects of the research process are made

explicit in the introduction, methods, results, and discussion sections of the

manuscript. Manuscripts are often reviewed by two or more reviewers con-

sisting of researchers and practitioners. The peer-review process is designed

to provide constructive criticism to improve the quality of the research.

Acceptable manuscripts are published in journals and add to the knowledge

base of the profession, guiding practice and policy. In addition to publication,

other venues for scientific scrutiny include meetings, conferences, and public

policy discussions. However, the process may or may not be as explicit as

peer-reviewed journals. If the principle of scientific scrutiny is disregarded,

such research does not add to the knowledge base of the profession even

though it may be based on all other scientific principles. With increasing

emphasis on evidence-based practice and policy, there is a strong need to

make the research findings available to researchers, practitioners, and policy

makers via the publication process.

Stages of pharmaceutical practice and policy research

Pharmaceutical practice and policy research addresses diverse issues from

different perspectives related to pharmaceuticals, pharmacists, and pharmacy

systems. It may require consideration of research issues within a clinical,
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sociobehavioral, economic, organizational, or technological context.

Regardless of the perspective, it is important to know the implications of

research on pharmaceutical practice and policy. The knowledge base to

understand the issues and implement the research may or may not be the

same. Sometimes it requires application of research methods uncommon to

pharmaceutical practice and policy research when addressing a research

question. The research plan designed to address the research questions has

to be based on the NRC’s (2002) six principles of scientific research previ-

ously discussed. The guiding principles provide the framework to conduct

pharmaceutical practice and policy research.

The stages of pharmaceutical practice and policy research can be grouped

into: (1) research problem, (2) research hypothesis, (3) research design,

(4) research methodology, (5) statistical analysis, and (6) research report.

These stages are based on the six guiding principles of scientific research.

Each stage provides a critical component of the research framework and

can be considered interdependent as each stage provides the foundation for

the next stage. The research problem determines the type of research hypoth-

esis. Similarly, the research design is selected based on the research hypothesis.

Although the stages are presented sequentially, actual implementationmay or

may not be sequential for practical and scientific reasons. Sometimes practical

considerations in research methodologies may necessitate a change in

research question. Brief descriptions of each stage are provided below and

discussed at length in each of the chapters of this book.

Research problem

The research problem describes the problem to be solved (Kerlinger 1986).

According to the scientific principles (NRC 2002), a research question

requires significance and empiricism. The significance of a question can

be evaluated for its relevance to pharmaceutical practice and policy based

on the existing knowledge base. The question has to be evaluated empiri-

cally to make a contribution to current and future pharmaceutical practice

and policy.

Research hypothesis

The research hypothesis is a statement of the expected relationship (Kerlinger

1986). An empirical research question can be valuable in formulating a

research hypothesis. According to the scientific principles (NRC 2002),

research inquiry should be linked to theory. Research based on the theory

can be instrumental in developing the hypothesis.
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Research design

Research designs should specify the structural framework of investigation

including variables of interest, time order sequencing of variables, and sam-

pling and allocation procedures (Mikeal 1980). The research hypothesis pro-

vides the framework for research design. The variables of interest include

stimulus and response variables. The timing of the measurement of variables

is based on the hypothesis. The time order sequencing is reflected in various

research designs available for pharmaceutical practice and policy research.

According to the scientific principles, relevant methodologies involve selec-

tion of appropriate research design to investigate a research question.

Research methodology

Research methodologies refer to the data collection procedures to address a

research question. Pharmaceutical practice and policy research entails diverse

data collection procedures that have been developed based on the research

question. Research data can be primary or secondary data, or a combination.

The primary data collection can involve observation, self-reports, or clinical

evaluations. Secondary data can include medical charts, insurance claims, or

national surveys. According to the scientific principles, data collection pro-

cedures should be based on relevant methodologies that involve direct

investigation.

Statistical analysis

Statistical analysis involves application of the principles of probability and

statistical concepts to analyze the research data. The goal of statistical analysis

is to answer the research question based on the data collected. The nature and

extent of statistical analysis are based on the research question, research

hypothesis, research design, and researchmethods. According to the scientific

principles, relevant methodologies involve selection of appropriate statistical

analysis to analyze research data.

Research report

The research report is the end product of a research endeavor and it captures

the explicit research process, including research question, research hypothe-

sis, research design, research methods, and statistical analysis. It should pro-

vide coherent and logical reasoning for the findings. The research report

should address the three principles of scientific research, namely coherent

and explicit reasoning, replication and generalization, and scientific scrutiny.

Scientific approach to pharmaceutical practice and policy research | 11



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 1 Dated: 28/9/2010 At Time: 15:29:54

This book is not designed to provide details on scientific writing because

several books address such scientific writing at length (see Bonk 1998;

Albert 2000). A brief discussion on the three principles of scientific research

is, however, provided below in the context of writing a peer-reviewed journal

article. Although there are other avenues to publish a research report, journal

articles are often used to report research findings.

Most research articles in a peer-reviewed journal follow a sequence of

sections, namely introduction, methods, results, and discussion (Zellmer

1981; Pakes 2001). Other elements of the research report such as abstracts

and references vary from journal to journal. The guidelines for manuscript

format may also vary. The introduction is the first major section of the

research report. It generally includes background information on the research

topic and should briefly cover the existing knowledge base in the research area

and provide a rationale for the current research. This section also includes the

research problem and research hypothesis. It should provide coherent and

explicit reasoning for conducting the research. The methods section should

provide all details of research design, data collection methods, and statistical

tests used to achieve the research objective. This is important to ensure the

explicit nature of scientific research. The goal of this section is to provide all

relevant details of the study implementation so that the findings can be

replicated. This also ensures that the readers have a clear understanding of

the context of the research process when evaluating research findings.

The results section provides all relevant research findings. The presenta-

tion of findings should be structured on the basis of the research objective. The

study sample is often described using summary statistics such as proportions

andmeans. Often detailed data are presented in the form of tables and figures.

Generally information presented in tables and figures is not duplicated in the

text, only key findings being presented there. It is important to indicate the

variability of the measures, such as standard deviation and confidence inter-

vals. Findings related to statistical tests should include probability or p values

to explicitly state the sampling error. In general, significant and nonsignificant

findings are presented and judgment on the findings is not included in the

results section. The results section is considered the most explicit and objec-

tive section of the research report.

The discussion section of the report provides interpretation and scientific

reasoning for the findings. Coherent and explicit reasoning is an important

scientific principle to explain research findings. The findings and the conclu-

sions should be consistent with the research question, research hypothesis,

research design, research methods, and statistical analysis. The core of the

discussion should focus on findings related to the hypothesis. The scientific

reasoning often relates to the theory and previous research. Some findings are

designed to replicate or validate previous studies. This strengthens the argu-

ments and the underlying theory. The discussion section is also used to address
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limitations of the study findings. Each of the components of the journal article

is critical for communicating research findings and vital for scientific dis-

course and scientific scrutiny.

Summary and conclusions

Pharmaceutical practice and policy research addresses a wide variety of

research areas dealing with pharmaceuticals, pharmacists, and pharmacy

systems. It is an applied research designed to create knowledge or a body of

information to improve efficiency, effectiveness, and safety of pharmaceuti-

cals and pharmacist services. The research is vital for practitioners, payers,

policy makers, and researchers involved in pharmaceutical care.

Pharmaceutical practice and policy research is based on the following guiding

principles for scientific inquiries: (1) to pose a significant scientific question

that needs empirical investigation, (2) to link research inquiry to relevant

theory, (3) to utilize relevant methodologies that involve direct investigation,

(4) to provide coherent and explicit reasoning, (5) to replicate and generalize

across studies, and (6) to provide amechanism for scientific scrutiny. Based on

these principles, the stages of pharmaceutical practice and policy research can

be divided into research problem, research hypothesis, research design,

research methodology, statistical analysis, and research report. Each stage

provides the basis for the next stage and the strength of scientific research is

based on the incorporation of guiding principles into each of these stages.

With increasing emphasis on evidence-based practice and policy, there is a

strong need to strengthen and expand the knowledge base of pharmaceutical

practice and policy.

Review topics

1 Define health services research and pharmaceutical practice and policy

research.

2 Discuss the six guiding principles for scientific inquiries.

3 Discuss the stages of pharmaceutical practice and policy research.

4 Describe the stakeholders of pharmaceutical practice and policy

research.

5 Discuss any two areas of knowledge base to conduct pharmaceutical

practice and policy research using examples.
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2
Conceptualizing research

Carolyn M Brown

Chapter objectives

* To present concepts and constructs in healthcare
* To discuss common theoretical models of healthcare utilization

and outcomes
* To explain various types of variables in pharmaceutical practice

and policy research
* To understand the scientific relationships in pharmaceutical

practice and policy research

Introduction

A scientific investigation in pharmaceutical practice and policy research

begins with the conceptualization phase. Conceptualization refers to the

process of developing and refining theoretical ideas. In quantitative research,

it is basically a process of finding appropriate theoretical constructs for

explaining or understanding practical phenomena. One primary step in the

conceptualization process involves the conceptual or theoretical framework

for the study.Whether the goal is to modify patient or provider behavior or to

evaluate pharmacy services, the use of theory is critical to providing a coher-

ent, systematic view of the phenomenon beyond the specifics of the study at

hand. Thus, theory-driven research is more generalizable and its findings are

more relevant to practice and policy developments. The purpose of this chap-

ter is to demonstrate the importance of theory-guided research and how the

use of theoretical frameworks is needed in and useful to pharmaceutical

practice and policy.

In this chapter, the definitions of concepts and theory are presented, fol-

lowed by a description of the testing and application of theory. Next, common

theoretical models and their application in pharmaceutical practice and policy

research are presented, followed by a discussion of types of variables and

scientific relationships in pharmaceutical practice and policy research.
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Definition of concepts and constructs

A concept is a word or term that stands for something – a feeling, a charac-

teristic, a behavior, or an object. Concepts are abstractions of particular

feelings, characteristics, or behaviors. For example, what is the meaning of

the concept “healthcare quality?” It could be the absence of medication

dispensing errors or a lower incidence of preventable drug-related problems.

In either case, healthcare quality is abstracted from a particular behavior or

characteristic. Other common concepts in healthcare include health out-

comes, access to care, and health behaviors. A construct, on the other hand,

is a concept with the added meaning of having been constructed for purposes

of research (Kerlinger 1986). In practice, terms such as concept, construct,

and variable are used interchangeably, although theoretically they have dif-

ferent meanings.

In order for concepts (constructs), which are non-observables, to be useful

in research studies, they must be operationally defined so that they can be

measured. For example, access to care has been defined in terms of physician

visits, presence of health insurance, and delays in seeking care. In each case,

access to care was translated into a variable that can be measured in an

empirical investigation. Variables and definitions are used to create observ-

able (measurable) forms of abstract concepts and constructs. Simon (1978)

succinctly captured this idea when he noted that, “Operationalization of the

theoretical concepts is the task of finding appropriate empirical proxies for

the theoretical variables. Conceptualization is the complementary process of

finding appropriate theoretical constructs for interesting empirical patterns

that turn up.”

Concepts are the building blocks of theory and express the abstract

notions within a theory. When designing studies to investigate phenomena

in pharmaceutical practice and policy, there are many conceptual issues to

consider and the use of theory or theoretical frameworks is central to this

conceptualization process.

Theory in healthcare research

Definition of theory

The primary goal of science is theory, namely, explaining natural phenomena

(Kerlinger 1986). Kerlinger (1986) defines theory as “a set of interrelated

constructs (concepts), definitions, and propositions that present a systematic

view of phenomena by specifying relations among variables, with the purpose

of explaining and predicting phenomena.” These propositions are statements

about the relationship between variables, i.e., how change in one variable is

related to change in another variable. A theoretical model or framework is
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more like a “mini-theory” because it focuses on a few elements abstracted

from all of reality and is not necessarily as well “worked out” as a theory

(Simon 1978). However, the terms “theoretical model” and “theory” are

commonly used interchangeably.

A theoretical model guides research, determining what will be measured

and what statistical relationships will be proposed and tested. It serves as a

foundation or roadmap for the research investigation by providing the key

constructs hypothesized to influence the phenomenon of interest. It pro-

vides focus and boundaries for research studies and has been described as a

double-edged sword (Crosby et al. 2002). On the one hand, the boundaries

provide structure and focus to research investigations. On the other, the

same boundaries can also serve as a limitation because potential other

important variables, not included in the theory, are not examined.

Although multiple theoretical frameworks are available, with many reflect-

ing similar ideas, each framework offers unique constructs that are thought

to be important. Thus, pharmaceutical practice and policy researchers

should examine research problems from various perspectives and use mul-

tiple frameworks in order to uncover relationships that may otherwise go

undiscovered.

In pharmaceutical practice and policy research, many theoretical models

are employed. However, not all studies will employ an explicit theoretical

model, but all studies have a theoretical basis. Often, simple or specific

relationships (such as between race/ethnicity and medication adherence) are

investigated, but those are not as generalizable or as well understood as

relationships that are part of an integrated theoretical framework of individ-

ual decision-making (such as the Theory of Planned Behavior). Theoretical

relationships are more general and widely applicable (Kerlinger 1986; Brazil

et al. 2005).

Theories can be thought of as efficient ways to examine phenomena

because they are general and can be applied to many specific cases.

Theories intentionally transcend a particular time, place, group of people,

or situation (Polit and Beck 2008). Instead of developing separate theories to

explain each of the various types of individual behaviors (e.g., medication

adherence, glucose monitoring), a general theory of individual health behav-

ior is developed to explain the different types of individual behavior, including

patient health behaviors. For example, the Theory of Planned Behavior (dis-

cussed later in the chapter) can be used to study disparate behaviors such as

medication adherence, exercise behaviors, and condomuse. Theories are built

inductively from research findings, logical thought, and practical experiences,

and the hypotheses that are deduced from theories, in turn, must undergo

empirical testing. Theory building and theory testing are a dynamic processes

and form the basis for scientific inquiry.
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Testing of a theory

Theories are not directly tested, but the hypotheses that are formulated

deductively from the theory are empirically tested. A hypothesis is a statement

about the expected relationships between two or more variables. Hypotheses

serve as bridges between theory and the empirical study (Kerlinger 1986) and

they should flow directly from the theoretical model or framework. The

concepts or variables included in the hypothesis must be relevant to the

research question and the hypothesis must be testable. Hypotheses are never

really proved or disproved. Rather, research findings may support or not

support the hypothesis (Simon 1978). Support for theoretically derived

hypotheses enhances the validity or utility of the theory.

Application of a theory

Theories are inherently abstract and are only practically useful when applied

to specific problems. Therefore, to effectively apply theory, a researcher must

operationalize constructs so that they can be measured and relationships

tested. The operational definition of a variable, which is discussed in more

detail in Chapter 3, serves as a bridge between theory and observation

(Kerlinger 1986). Constructs should be operationalized very carefully – it is

at this stage where theory and empirical reality are joined. Attention to the

characteristics of the population and its environment as well as particulars of

the research problem is very important. For example, the use of culturally

relevant survey instruments is critical at this stage. It is at this stage – the

application of theory – that theoretical constructs are validly translated into

variables (Glanz et al. 1997). “A key link in the struggle to have the theoretical

statements and the empirical work deal with the same phenomena is sound

definition of the variables” (Simon 1978).

Often, researchers have to search for a theory to help explain an empirical

phenomenon of interest. This primarily involves the conceptualization pro-

cess whereby investigators must find appropriate theoretical constructs to fit

the empirical problem. For example, a researcher interested in examining

medication adherence would use an individual behavior model to assess

factors that impact medication adherence which is an individual behavior.

Interventions based on such integrated theoretical frameworkswould bemore

effective in helping patients adhere to medication regimens (Glanz et al.

1997). A program based on the transtheoretical model (discussed later in this

chapter) may be effective in increasing pharmacists’ participation in the pro-

vision of medication therapy management services. The choice of a suitable

theoretical framework begins with identifying the research problem and ends

with selecting the framework that best applies to the research problem.

There is no predominant theory that guides research in pharmaceutical

practice and policy. Instead, a multitude of theories are used from various
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disciplines such as business and psychology, perhaps reflecting the diversity in

the field itself. In the end, however, the theoretical framework chosen should

be clearly understood and related to the research problem. For example, if

the researcher is investigating patients’ willingness to pay for pharmacist-

provided medication therapy management services and presents a framework

of community acceptance of pharmacist-provided medication therapy man-

agement services, there may be a discrepancy that could lead to erroneous

conclusions. The misapplication of theory diminishes the investigator’s

understanding of the phenomenon and compromises subsequent advances

in the knowledge base in the field (Dunn and Elliott 2008). In an applied,

practically oriented area such as pharmaceutical practice and policy, caution

should be exercised against “artificially” fitting a research problem to a

theoretical framework, because the theory and hypotheses deduced from it

ultimately guide the research design, data collection strategies, data analysis,

and especially the interpretation of study findings.

Common theoretical models in healthcare
utilization and outcomes

Many studies in pharmaceutical practice and policy research employ theoret-

ical frameworks to study research problems. Although the focus here is on

health behavior models, there are many other types of theories and models,

such as systems theory and economic decision models, that are important and

useful in advancing the field of pharmaceutical practice and policy. Some

well-established individual-level approaches to health behavior that have

been used include the Andersen Behavioral Model, the Health Belief Model,

the Theory of Planned Behavior, and the Transtheoretical Model. The fol-

lowing is a brief overview of each model and how each can be or, in some

cases, has been applied in pharmaceutical practice and policy research.

Andersen Behavioral Model

The Andersen Behavioral Model (ABM – Figure 2.1) has been used exten-

sively in health services research (see Andersen and Newman [1973],

Andersen [2008], for full discussions of the model). The ABMwas developed

to better understand and predict access to care. The model purports that

healthcare utilization and other health behaviors (e.g., personal health prac-

tices such as diet and exercise, process of medical care such as provider

behavior) are dependent on individuals’ propensity to use services (predispos-

ing), their ability to access services (enabling), and their illness level (need) on

both the individual and the contextual levels, and that healthcare utilization

and other health behaviors lead to some health outcome (e.g., health status or

consumer satisfaction).
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At the individual level, predisposing characteristics include demographic,

social structural, and health belief variables. The enabling factors reflect

individual resources and need factors to represent both perceived and evalu-

ated need. Examples of individual level predisposing variables include age and

gender, enabling variables include insurance and income, and need variables

include symptoms and disease severity. At the contextual level, predisposing

factors represent community-based demographic, social structural, and

health belief variables. The enabling factors include the healthcare system

issues of health policy and the resources and organization of the system. Need

factors characterize environmental issues and population health indices.

Examples of contextual level predisposing variables include community age

structure, enabling variables include supply of healthcare providers, and need

variables include morbidity and mortality rates. The ABM is a recursive

model such that outcomes, in turn, can impact subsequent predisposing,

enabling, and need characteristics and health service use (Andersen 2008).

Application of the ABM

The initial version of the ABM focused on individual level determinants and

health services use. However, although still primarily a health services use

model, the ABM has been expanded to include contextual level determinants,

other health behaviors, and outcomes as key elements in the model. Thus,

researchers who are interested in the impact of both individual and commu-

nity level factors of health service use and outcomes would benefit by employ-

ing theABM. For example, the ABMcould be used to investigate the impact of

pharmacists’ supply and morbidity rates on medication use and incidence of

drug-related outcomes. One valuable contribution of the ABM is its incorpo-

ration of both individual and contextual (community-level) elements in the

decision-making process of individuals. Another advantage is that the ABM is

particularly useful in guiding analyses in large database studies as well.

Health Belief Model

The Health Belief Model (HBM – Figure 2.2) consists of six dimensions:

perceived susceptibility, perceived severity, perceived benefits, perceived bar-

riers, cues to action, and modifying factors (see Janz et al. [2002] for a full

discussion of the model). The most notable dimensions of the HBM, in terms

of theoretical propositions and empirical investigations, are the four percep-

tion variables (Janz and Becker 1984; Harrison et al. 1992). Relationships

among these perception variables are hypothesized to represent a decision

process that individuals may go through when choosing among alternate

health actions. The model proposes that individual beliefs about severity

and susceptibility of a disease and its consequences are associated with engag-

ing in treatment action. Subjective assessments of disease threat are assumed
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to provide individuals with the motivating force to take action. Once an

individual feels substantially threatened by a disease and its sequelae, alter-

nate actions must be selected. According to the HBM, it is at this point that

individuals perform a type of cost–benefit analysis such that alternatives are

subjectively evaluated in terms of their benefits and costs (or barriers). This

cost–benefit analysis then results in a preferred course of action (or a preferred

health behavior). Self-efficacy, the confidence in one’s ability to perform an

action, has been added to the original HBM. Thus, one’s perceived ability to

overcome barriers to behavior change will also affect behavior. The two

remaining components of the HBM, cues to action and modifying factors,

are not conceptualized as core elements of the decision process itself, but as

catalysts and shapers of the decision process. Accordingly, the HBMproposes

that internal or external cues to action are needed to activate this decision-

making process. Modifying factors are proposed to relate to health actions

primarily through their influences on individual perceptions. Cues to action

and modifying factors have seldom been examined in HBM studies and, as a

result, their effects have not been well established empirically.

Application of the HBM

The HBM was originally designed to examine preventive health behaviors

(e.g., vaccinations) but has since been used to investigate illness behaviors

(e.g., medication adherence) as well. Contemporary issues in pharmaceutical

practice and policy such as patients’ willingness to participate in disease

management programs and their engagement in a variety of self-management

behaviors (e.g., glucose monitoring) are well-suited to studies based on the

HBM. In addition, the HBM has been used in the analysis of large datasets to

examine behavior. Moreover, assessments of how cultural and racial and

ethnic factors impact health perceptions are included in HBM propositions.
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sociopsychological
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Structural variables

Perceived benefits
of helth action

minus
Perceived barriers to

health action

Likelihood of taking
recommended
health action

Perceived threat of
disease “X”
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Figure 2.2 Health Belief Model. (From Glanz et al. 2002.)
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As health perceptions are often culturally embedded and often guide people’s

actions about their diseases, studies based on the HBM may help to uncover

key issues that could be targeted or incorporated into pharmacists’ consulta-

tions or other patient-based interventions to improve health outcomes.

Theory of Planned Behavior

The Theory of Planned Behavior (TPB – Figure 2.3) is a well-established

decision-making model (see Ajzen [1991] for a full discussion of the model)

and is useful in predicting behaviors that are not under complete volitional

control. According to the TPB, the most immediate determinant of engaging

in a behavior is the intention to perform that behavior. There are three

independent determinants of intentions: attitude toward the behavior, sub-

jective norm for the behavior, and perceived behavioral control regarding

the behavior. Attitudes involve the perceived advantages and disadvantages

of the behavior. Subjective norms refer to how the important others or orga-

nizations feel about performing the behavior. Perceived behavioral control

considers the barriers and facilitators of performing the behavior. As such, a

person is more likely to engage in a behavior when he or she has a favorable

attitude toward the behavior, perceives little social pressure against engaging

in the behavior, and has a higher perceived control over performing the

behavior.

Application of the TPB

The TPB is especially useful in investigating both cognitive and social factors

that may affect behavior and has been employed across a variety of behaviors,

ranging from condom use to physician-prescribing practices. The TPB gives

information about the main drivers of behavior (i.e., why people hold certain

attitudes, subjective norms, and perceptions of behavioral control) that can be

targeted by interventions. Behaviors that primarily affect the individual are

Attitude
toward the
behavior

Subjective
norm

Perceived
behavioral
control

Intention Behavior

Figure 2.3 Theory of Planned Behavior. (From Ajzen 1991.)
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usually attitudinally driven, whereas behaviors that also impact others are

more often subjective norm driven. Thus, studies employing the TPB can

effectively show if behaviors of interest are primarily driven by attitudes or

subjective norms and to what extent an individual has perceived control over

performing the behavior. This is important because behaviors under norma-

tive control will not change with interventions targeting attitudes, and vice

versa. Again, using the same example of medication adherence, the TPB could

be very useful in examining cognitive and social factors related to adherence.

For example, if medication adherence is found to be primarily driven by

attitudes, interventions geared toward increasing adherence may need to

bolster the advantages of taking medications in order to facilitate more favor-

able attitudes toward adhering to medication regimens.

The Transtheoretical Model

The Transtheoretical Model (TTM – constructs shown in Table 2.1) applies a

stage approach to behavior change based on the perspective that behavior

change is not an event but occurs through stages. It employs stages of change

(also referred to as stages of readiness) to unify processes and principles of

change from leading theories of behavioral change (see Prochaska et al.

[1997] for a full discussion of the model). The core constructs of the TTM

are stages of change, decisional balance (pros and cons), self-efficacy (confi-

dence to change), and processes of change. According to the TTM, change is a

process that involves progression through six stages: pre-contemplation, con-

templation, preparation, action, maintenance, and termination.

The first stage, pre-contemplation, represents the stage where a person

does not intend to change in the near future (usually within the next 6months)

and may not be aware of the need to change or have tried and failed to change

behavior in the past. The second stage of contemplation represents the stage

where a person intends to change in the next 6 months, but is also more aware

of the pros and cons to change. At this stage, because pros and cons are equally

weighed, an individual is somewhat ambivalent and tends to avoid taking

action. Action-oriented programs or interventions will fail when presented to

individuals in the contemplation stage. The third stage, preparation, is a stage

in which people are seriously considering changing their behavior in the next

month or so. People in this stage have taken steps (e.g., self-help books, plan of

action) to ready themselves for behavior change and they represent good

targets for recruitment into action-oriented programs. Action, the fourth

stage, is the stage at which the person has changed his or her behavior and

has recognized that the pros of changing outweigh the cons. The fifth stage,

maintenance, is the stage at which the person has sustained the behavior for

6 months. People at this stage are less prone to relapse and are increasingly

confident in their ability to maintain the change in behavior. The sixth and
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Table 2.1 Transtheoretical Model constructs

Constructs Description

Stages of change

Pre-contemplation Has no intention to take action within the next 6 months

Contemplation Intends to take action within the next 6 months

Preparation Intends to take action within the next 30 days and has taken some behavioral steps

in this decision

Action Has changed overt behavior for less than 6 months

Maintenance Has changed overt behavior for more than 6 months

Decisional balance

Pros The benefits of changing

Cons The costs of changing

Self-efficacy

Confidence Confidence that one can engage in the healthy behavior across different

challenging situations

Temptation Temptation to engage in the unhealthy behavior across different challenging

situations

Processes of change

Consciousness raising Finding and learning new facts, ideas, and tips that support the healthy behavior

change

Dramatic relief Experiencing the negative emotions (fear, anxiety, worry) that go along with

unhealthy behavioral risks

Self-re-evaluation Realizing that the behavior change is an important part of one's identity as a person

Environmental

re-evaluation

Realizing the negative impact of the unhealthy behavior or the positive impact of

the healthy behavior on one's proximal social and physical environment

Self-liberation Making a firm commitment to change

Helping relationships Seeking and using social support for the healthy behavior change

Counter-conditioning Substituting healthier alternative behaviors and cognitions for the unhealthy

behavior

Reinforcement

management

Increasing the rewards for the positive behavior change and decreasing the

rewards for unhealthy behavior

Stimulus control Removing reminders or cues to engage in the unhealthy behavior and adding cues

or reminders to engage in the healthy behavior

Social liberation Realizing that the social norms are changing in the direction of supporting the

healthy behavior change

From Prochaska et al. (1997).

Conceptualizing research | 27



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 2 Dated: 28/9/2010 At Time: 15:35:17

final stage is termination – a stage in which an individual is no longer prone to

relapse and is completely confident that the behavior change can be sustained.

This stage may be more of an ideal in most cases and is often not included in

the TTM research.

According to the TTM, people progress from one stage to another through

their decisional balance, their self-efficacy, and their application of different

change processes. Decisional balance involves the individual’s relative weigh-

ing of the pros and cons of change. Self-efficacy refers to their confidence in

their ability to sustain behavior change. Processes of change are the activities

or strategies that they use to help them make and maintain behavior change.

There are 10 processes that are applied through the various stages and

these processes can be categorized as: cognitive and affective experiential

processes, and behavioral processes. The experiential processes include con-

sciousness raising, dramatic relief, self-regulation, environmental re-evalua-

tion, and self-liberation. The behavioral processes are helping relationships,

counter-conditioning, reinforcement management, stimulus control, and

social liberation. These change processes are more or less salient at different

stages and are very important to the development and content of intervention

programs.

In the early stages, the cons of changing outweigh or equal the pros of

changing, self-efficacy is low, and affective, cognitive, and evaluative pro-

cesses (such as consciousness raising and environmental re-evaluation) are

needed to progress. In the later stages, the pros of changing are higher than the

cons, self-efficacy is high, and encouraging processes (such as commitments,

conditioning, contingencies, environmental controls, and support) are

applied.

Application of the TTM

The TTMcan be employed to develop interventions aimed at promoting long-

term behavior change. However, different intervention strategies are most

effective at different stages of change. For example, interventions focused on

contingencies (positive and negative reinforcements) would not work with

individuals in the early stages of change but would be helpful in later stages

(e.g., action andmaintenance). The idea is to have stage matched and tailored

intervention strategies so that long-term behavior change or maintenance can

be achieved. The TTM has been successfully employed in smoking cessation,

in the promotion of exercise, and recently in medication use studies. Another

current issue in pharmaceutical practice and policy deals with enhancing

pharmacists’ provision of pharmaceutical care or medication therapy man-

agement services. The TTM could be useful in the development of programs

that aim to increase pharmacists’ provision of pharmaceutical care (Berger

and Grimley 1997) or medication therapy management services. The

intervention could be structured such that feedback is tailored to match
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pharmacists’ stages of readiness (e.g., self-re-evaluation for pre-contempla-

tors through techniques that promote their self-image as primary healthcare

providers), and thus focused on facilitating their progress to providing the

service (action) and sustaining the service (maintenance).

The ABM, HBM, TPB, and TTM are a few examples of useful models to

investigate relationships of important variables and to spawn future research

questions and hypotheses in the field of pharmaceutical practice and policy.

Importance of using a theoretical framework
in pharmaceutical practice and policy research

Researchers utilize theories in an effort to enrich the value and interpretability

of their studies. In an applied discipline such as pharmaceutical practice and

policy, theories are used to inform research and practice, and findings from

research and practice are then used to confirm ormodify theory. Theories will

facilitate the maturation of a discipline and help create a foundation on which

to build. However, as noted byMkanta andUphold (2006), “In order to build

on previous research and positively impact the state of science, it is important

that researchers use a theoretical framework to guide all stages of their study.”

Theories should not be “blindly” used without evaluating their adequacy

in explaining pharmaceutical practice and policy phenomena (Villarruel et al.

2001). Rather, theories should be assessed for their utility in understanding

phenomena in pharmacy practice situations. They must be conceptually

appropriate and practically useful. Fawcett (1985) noted that “theories of a

professional discipline are meaningless unless their utility as directives for

practice has been established.” Thus, theories should be placed in a pharma-

ceutical practice and policy context, and systematically evaluated for their

relevance to pharmacy practice in general and their validity to pharmacy

practice problems in particular. When findings support the theory, it may

be deemed appropriate for pharmaceutical practice and policy. However, if

findings do not support the theory, its suitability and applicability should be

questioned (Fawcett 1985).

Ultimately, the goals are to understand and, eventually, to intervene on

various behaviors, be it patient or healthcare professional behavior, and to

offer recommendations for healthcare practice and policy. Theories and the-

oretical frameworks “explain behavior and suggest ways to achieve behavior

change” (Glanz et al. 1997). In practice, pharmacy services such as medica-

tion therapy management must integrate theory-based elements in order to

improve drug therapy outcomes. For example, it is known from theoretically

based studies that people’s beliefs about medications impact their adherence

to them. Thus, any medication therapy management program focusing on

medication adherence should address an important variable such as patients’

medication beliefs.
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Types of variables in pharmaceutical
practice and policy research

Definition of variable

In pharmaceutical practice and policy research, the concepts studied are called

variables. Concepts (constructs) become variables in research investigations.

As discussed earlier, constructs are nonobservables and variables become

observables (measurable) once they are operationally defined. A variable is

a concept that varies in either type or amount (Kerlinger 1986). In fact, this

variation is what scientific inquiry seeks to understand – how and why

things differ. On the other hand, a concept that does not vary in a research

study is not a variable. For example, in studies of medication use, medication

adherence is a variable because participants exhibit varying levels of medica-

tion adherence (e.g., 0–100% adherent, high versus low adherence). In the

same studies, gender would be a variable because both males and females are

generally included as participants. However, if similar medication adherence

studies were conducted in cervical cancer patients, then gender would not be a

variable because all participants would be female. In this case, gender is a

constant. Other examples of variables in pharmaceutical practice and policy

research include physician visits, pharmacy costs, patient satisfaction, atti-

tudes, race/ethnicity, age, and socioeconomic status.

There are four kinds of variables that are important for research purposes.

These are: (1) independent and dependent variables; (2) attribute and active

variables; (3) categorical and continuous variables; and (4) latent versus

observable variables. Classification of categorical and continuous variables

is discussed in detail in Chapter 4. It is important for researchers to be clear

about the type and classification of variables because of their importance to

the conceptualization and design of the research project as well as in how the

results are conveyed (Kerlinger 1986).

Independent and dependent variables

Variables play different roles in a research study and two critical roles are as

independent and dependent variables. In experimental research, investigators

are interested in studying the cause of some phenomenon. In an experimental

design, the independent variable is the presumed cause and the dependent

variable is the presumed effect. However, in nonexperimental research, the

independent variable “logically” has some effect on the dependent variable

(Kerlinger 1986). In other words, the independent variable does the influenc-

ing and the dependent variable is being influenced. Typical phrases such as

“positively related to,” “negatively correlated to,” and “positively associated

with” are common phrases used to indicate directional influence in nonex-

perimental research. Independent variables are also referred to as predictor
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variables and dependent variables are also called response or outcome

variables.

The dependent variable is customarily the condition that researchers are

trying to explain, predict, or understand. Variations in the dependent variable

are presumed to depend on variations in the independent variable.

Researchers, policy makers, and other stakeholders in the field are interested

in the medication use process and patient outcomes. As such, a researcher

might investigate the impact of antidepressant use on the incidence of weight

gain. The independent variable is antidepressant use and the dependent var-

iable is weight gain. This presumes that variations in weight gain will depend

on variations in the use of antidepressants.

Variables are not inherently independent or dependent. They can be inde-

pendent in one study and dependent in another study, and even change within

the same study. For example, a study might investigate the relationship

between gender (independent variable) andmedication adherence (dependent

variable). Another study might examine the effect of medication adherence

(independent variable) on high blood pressure (dependent variable).

Therefore, the classification of independent or dependent variables “is more

a classification of uses rather than a distinction between different kinds of

variables” (Kerlinger 1986).

Attribute and active variables

Independent variables are further classified as attribute or active. Many vari-

ables studied in pharmaceutical practice and policy research are attribute

variables. Attribute variables are those characteristics that participants bring

to a research study and are simply measured or documented by the researcher.

Attributes of a person (e.g., race, socioeconomic status, gender) or environ-

ment (e.g., rural/urban, county or region of residence) are examples of attri-

bute-independent variables. Attribute variables are typically not actively

manipulated in the research.

Active variables, on the other hand, can be manipulated by the researcher.

Active variables are most relevant in experimental research whereby study

groups are exposed to different treatments, the manipulated variable. For

example, in a study of the effects of a pharmacist-provided medication ther-

apy management service, one group is exposed to the service (treatment

group) and one group does not receive the service (control group). In this

case, pharmacist-provided medication therapy management service is the

active independent variable.

Although some variables are naturally attributes, other variables can be

either attribute or active depending upon the study situation (Kerlinger

1986). Attitude is a good example. A person’s attitude toward taking

medications can be measured (attribute) or actively manipulated as in the

following example. A researcher may promote a more favorable attitude
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toward a medication by telling members of one group that the drug is highly

effective with few side effects whereas members of the other group are told

that the drug is highly effective but has many side effects, promoting a less

favorable attitude. Other examples of variables that can be attribute or

active include blood pressure and anxiety levels. The distinction between

attribute and active independent variables is an important one because it is

critical to the research design and implementation (Kerlinger 1986) and to

the evaluation of cause-and-effect relationships in a research investigation

(Harmon and Morgan 1999).

Independent and dependent variables can be continuous or categ-

orical. Although a part of the conceptualization phase, this distinction is

most relevant to data analyses and thus is discussed in more detail

in Chapter 11. Suffice it to say, the appropriateness of the data analysis

procedure is dependent on whether the dependent variable is continuous

or categorical.

Latent versus observable variables

A final classification of variables involves latent versus observable variables.

As implied in the earlier discussion of theory, “a latent variable is an unob-

served ‘entity’ presumed to underlie observed variables” (Kerlinger 1986).

The descriptions of theories and hypotheses are referring to relationships of

latent variables. Latent variables can be thought of as constructs. Researchers

interested in patient satisfaction must understand that patient satisfaction is a

latent variable. One cannot see it or feel it. In order to study patient satisfac-

tion, however, it must be measured. In a research study, the presumed indi-

cators of patient satisfaction are actually measured, such as a score on a

satisfaction scale. Patient satisfaction itself cannot directly be measured

because, as Kerlinger (1986) noted, it is an in-the-head variable, an unobserv-

able thing – hence, a latent variable. It is not until patient satisfaction is

operationally defined that it becomes an observable variable.

Scientific relationships in pharmaceutical
practice and policy research

Researchers are generally interested in how one or more phenomena relate

to other phenomena. Namely, they are interested in exploring and testing

relationships (Polit and Beck 2008). A relationship exists between two

variables when a change in one variable corresponds with a change in the

other. The association can be positive or negative, e.g., it is fairly well

established that there is a negative relationship between health insurance

coverage and morbidity rates. More specifically, a lack of health insurance
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coverage (independent variable) is related to increased morbidity (depen-

dent variable). When conducting quantitative research studies, investiga-

tors are testing the relationships between independent and dependent

variables.

Correlational and causal relationships

The nature of these relationships can be correlational or causal. A correla-

tional relationship is one in which changes in the independent variable are

associated with changes in the dependent variable. Using the example above,

although one cannot necessarily say that a lack of health insurance causes

morbidity, one can say that the two variables are correlated with each other.

On the other hand, a causal (or cause-and-effect) relationship is one in which

the independent variable causes the dependent variable or, to put it another

way, a change in the independent variable produces a change in the dependent

variable. A simple example is that increased caloric intake causes weight gain.

It should be noted, however, that, although true causality cannot be estab-

lished (Kerlinger 1986), there are methods that researchers can employ to

empirically validate their causal notions (see Chapter 5 for more detail).

Connecting theory and variables in pharmaceutical
practice and policy

In the area of pharmaceutical practice and policy, often research problems

and important variables relevant to the research problem are initially identi-

fied. Then, an appropriate theoretical framework that could elucidate the

problem and variable relationships is sought. As previously mentioned, the

key to selecting a theoretical framework is connecting variables with appro-

priate constructs. Constructs are conceptually defined as part of theoretical

frameworks and these definitions reveal the meaning of the constructs in the

context of the respective framework. Given these definitions, variables to be

investigated should be logical empirical indicators of the constructs as they

are defined in the theoretical framework or a variable should be a “suitable

representation” of the construct for which it stands (Hox 1997). For example,

a researcher is interested in studying patient decision-making relative to med-

ication adherence – an empirical indicator of illness behavior. That researcher

should consider individual decision-making frameworks such as the TPB that

are used to examine many different types of behaviors, including health and

illness behaviors. Another investigator who wants to examine how factors

such as health insurance (an empirical indicator of individual factors) and

urban environment (an empirical indicator of contextual factors) impact
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individuals’ use of pharmacy services (an empirical indicator of health service

utilization) should consider using ABM to better understand how individual

and contextual factors influence health service utilization, the hallmark of

the ABM.

Connecting theory and variables appropriately is dependent on the

researcher’s understanding of the conceptual underpinnings of the model as

well as the practical context of the research problem. However, there are

various other resources that can facilitate the researcher in making the con-

nection between the theory and problems in a research area. Literature

reviews on the topic area often provide frameworks that are appropriate to

the study. In addition, experts in a particular field are a good source of

information about appropriate and suitable theoretical frameworks to study

research problems in that field. Generally, it should be noted that multiple

frameworksmay be appropriate to study a research problem. In fact, studying

a research problem from more than one conceptual viewpoint can lead to a

broader understanding of the problem.

Summary and conclusions

When conceptualizing research, the use of theory is a critical and necessary

step. Theory tells a story and provides a blueprint for research investigations.

Establishing a foundation of knowledge based on systematic and integrated

science is essential. Throughout this chapter, the importance of using theo-

retical frameworks to the advancement of pharmaceutical practice and policy

research has been emphasized. This chapter also described several theoretical

models that can be applied in pharmaceutical practice and policy research.

Theoretically inspired research using models such as the ABM and TPB may

provide different perspectives and uncover relationships that are critical to

practice and policy (Mkanta and Uphold 2006). However, care must be taken

to correctly apply theory to research problems in a practically oriented field

such as pharmaceutical practice and policy. The practical and theoretical

value of findings of scientific investigations is directly related to researchers

making appropriate connections between theory and variables such that

advancements in knowledge are not compromised. Research shapes practice

and policy, which in turn inform research and conceptualization of future

studies. “The gift of theory is that it provides the conceptual underpinnings to

well-crafted research and informed practice” (Glanz et al. 2002). The growth

of the discipline and its impact on practice and policy will be heavily influ-

enced by the consistent use of theory and rigorous evaluation of its utility,

with a focus on making theoretical refinements as well as practice and policy

modifications. Such activities will advance pharmaceutical practice and pol-

icy in the effort to positively impact public health in an evolving healthcare

environment.
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Review questions/topics

1 What is theory?

2 Describe an example of a theoretical model presented in this chapter

and discuss how it might be applied in pharmaceutical practice and

policy research.

3 Why is it important to use theoretical models in pharmaceutical prac-

tice and policy research?

4 Describe the different types of variables and give examples of each.

5 Discuss how a researcher might evaluate the appropriateness of a

theoretical model to study a research problem.
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3
Operationalizing research

Khalid M Kamal

Chapter objectives

* To identify the characteristics of a research problem
* To identify the sources of pharmaceutical research problems
* To describe the process of identifying good research questions
* To identify the characteristics of a scientific hypothesis
* To compare and contrast types of hypotheses
* To operationalize variables and concepts

Introduction

Healthcare research is a systematic process that comprises an ordered set of

activities and is focused on addressing problems and issues that have implica-

tions for the patient, caregivers, and society. Researchers are interested in

understanding cost, access, and quality of pharmaceutical care from diverse

perspectives by asking questions and searching for answers. The ability to ask

creative questions and generate new knowledge for pharmaceutical practice

and policy involves a sequence of steps starting from conceptualizing a

research project to implementing and disseminating the findings.

Broadly speaking, research comprises two phases: the thinking phase and

the action phase (DePoy and Gitlin 1998). The focus of the thinking phase is

on identifying a problem, formulating a research question and hypothesis, and

identifying pertinent study variables. This step is important because it provides

direction to the action phase of research, which mainly deals with the study

methodology, analyses, and dissemination of findings. The research process

can be considered as being circular in nature rather than linear (Fain 2004).

There is a lot of back-and-forth movement involved between the different

activities in both the phases. In the thinking phase, researchers continually

evaluate ideas, review literature, rethink, and reconceptualize problems before

finalizing the study problem statement. In the action phase, study results help

to create a new knowledge base or generate new ideas for the next study.
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The purpose of the chapter is to describe how to formulate and articulate

the thinking phase of research. This chapter focuses on the importance of

research problems and discusses some sources that can be used to help for-

mulate a good research problem. Next, definition and development of

research questions and hypotheses are discussed. The chapter concludes with

a discussion and direction for conceptually and operationally defining vari-

ables in a research study.

Steps in operationalization

The first andmost significant step in the thinking phase of a research process is

identifying and selecting a research problem. Research problems provide the

purpose of the study and give direction to the subsequent steps of the research

process. Having identified a problem that is clear and researchable, the next

step is to conduct a thorough review of the literature, the major purpose of

which is to identify what is and is not known about the problem area. It also

helps researchers to determine how a problem can be studied.

After a research problem has been selected and further refined, based on a

literature review, the next two steps are to formulate research questions and

hypotheses. These also identify the variables and the relationship of the study

variables. To move to the final step, a researcher has to identify and create

conceptual and operational definitions of the concepts and variables involved

in the study. Operational definition is a clear and concise definition of a

measure and is fundamental to the data collection stage. Each of the four

steps, namely research problem, research question, hypothesis, and opera-

tional definition, is discussed in detail below.

Research problems

Selection and definition of a research problem

A problem is defined as an interrogative statement that questions the interre-

lationship of two or more variables. Other than experimental psychology

(e.g., memory), most research problems have two or more variables (e.g.,

adherence, pain management). Well-defined problems do not appear sponta-

neously and it may take researchers months or even years of exploration and

thought to come up with a complete problem that can be researched.

At this point, it is important to understand the difference between a

research topic and a research problem. Most researchers starting out easily

identify a broad area of interest or a research topic, examples of which include

screening services in ethnically diverse communities, pain management, and

outcomes research such as quality of care, health status, and impact of new

technologies on costs. As seen from these examples, a single research topic can

yield a number of research problems. It is important to note that research
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problems shape the development of each subsequent step of the research

process and, thus, must be carefully formulated. According to Norwood

(2000), a well-written research problem statement should be able to answer

the following three questions:

1 What is being studied?

2 Who is being studied?

3 Why is this being studied?

The first question is designed to identify a research topic that is to be

studied. A researcher starts with a general topic of interest or problem to be

solved and continuously refines it to have a more focused topic. For example,

a broad area of interest could be stated as “studying influenza immunization

rates.” Although this is a good start, it lacks focus and more information is

needed before a research problem can be formulated.

The second question identifies the population in which the study would be

conducted. The goal is to characterize the population in terms of social,

demographic, and economic characteristics. This helps a researcher focus

on issues that are prevalent in a given population segment or community.

To further develop the research problem, it can be restated as “studying

influenza immunization rates among inner-city poor populations.”

The third question emphasizes the relevance or significance of the study

and its contribution to the knowledge base. To elaborate on the immunization

example, it might already be known that influenza immunization rates are

low among inner-city poor populations. The issue then is to study the reasons

for the poor uptake of immunization in this population. This new knowledge

can significantly help in designing new interventions or bring about policy

changes so as to improve the immunization rates. The final research problem

can be “Why are immunization rates among inner-city poor populations the

lowest in the country?”

Once one or more potential problems have been identified, they undergo

several iterations until they are ready for empirical investigations. These

iterations are important in refining and narrowing the focus of potential

research problems and improving their significance. The process of refining

and narrowing the original problem requires a lot of thought and action, both

of which can occur simultaneously (Stamler 2002). To illustrate the thinking

and action process, consider the following sample research problem: “What is

the impact of physician counseling on smoking cessation attempts after dis-

charge from the hospital?” The broader research topic may well have been to

identify strategies to improve quit rates after hospital discharge. Thought and

action processes can be used to extract a problem from the complex research

topic that focuses on the impact of physician counseling.

The action process of refining the research problems includes several

strategies (Norwood 2000; Stamler 2002). A research problem has the
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potential to generate a number of studies depending on the researcher’s

perspective or interests. Thus, asking probing questions will help clarify the

problem and provide direction to the research study. Another strategy is to

critically review the literature, identify gaps in knowledge, and refine the

research problem. Literature review also provides sources to justify the

research strategy. Finally, discussing one’s ideas with mentors, experts, or

peers can help generate new ideas or uncover pitfalls in a research study.

During all these steps, one may move between the thought and action process

several times while continuously refining the problem (Stamler 2002).

Characteristics of a good problem

According to Kerlinger and Lee (2000), a good problem has the following

three characteristics: first, a problem should express a relationship between

two or more variables; second, the problem should be well defined, clear, and

free of any ambiguity; and, third, the problem must be ready for empirical

investigation. This means that the relationship between variables should be

stated and the variables should be measurable. Selecting a research problem

is the first step in the research process and is also the most difficult step. It

takes a lot of time, thought, and effort to identify a research topic and focus on

a researchable problem. This overwhelming task can be made easier, if one

knows where to find these research problems.

Sources of research problem

A variety of sources can be used to help formulate a research problem. These

include use of theory, clinical experiences, prior research, case studies, con-

flicting findings, and replication. A study by Stamler (2002) reports the use of

12 possible sources of research problems in the nursing literature, originally

identified by Gillis and Jackson (2002). The sources include:

1 improving clinical practice

2 exploring a pattern of incidents

3 testing folk wisdom

4 understanding phenomena from the insider’s perspective

5 tackling current issues

6 inconsistencies in the literature

7 testing a theory

8 testing practice theories

9 exploring variations in a dependent variable

10 providing an evaluation

11 implementing and studying action

12 replicating a study.
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Another useful source for research ideas is funding agencies such as the

government, foundations, or pharmaceutical companies. These funding agen-

cies always invite study proposals and interested researchers can design a

study to fit within the expectations of the funding agency.

Research questions

A research question is an explicit inquiry that yields hard facts to help chal-

lenge, examine, analyze, or solve a problem and produce new research (Beitz

2006). Research questions are interrogative statements and, specifically,

indicate what researchers want to find out about a problem area. Research

questions focus on describing variable(s), examining relationships among

variables, or determining differences between two or more groups on a single

or multiple variable(s) of interest (Fain 2004). Some examples of research

questions include:

1 What is the incidence of influenza in white and nonwhite people?

2 What are the differences in health beliefs about influenza vaccination

immunization between white and nonwhite people?

Characteristics of a well-written research question

In contrast to research problems, research questions are very specific and

precise. Research questions should be well written and clinically relevant,

and have the potential to yield information to improve pharmaceutical prac-

tice and policy. The characteristics of a well-written research question can be

summarized by the mnemonic FINER which stands for feasible, interesting,

novel, ethical, and relevant (Kwiatkowski and Silverman 1998; Beitz 2006;

Cummings 2007).

Feasible

There are important issues that must be considered, and are often over-

looked, before starting a research project. The success of the project depends

on feasibility issues such as enrollment, multidisciplinary approach, techni-

cal expertise, time requirements, and funding. Enrollment of participants is

an important issue that can help achieve a study’s intended purpose.

Another important factor is the researchers’ technical skills and experi-

ences which are required right from project conceptualization to dissemi-

nation of the study results. Adequate time and resources such as money,

staff, and supplies must be estimated accurately to ensure that the parti-

cipants are available, and the project is completed ethically and within

budget. Finally, researchers need to stay focused on the project goals and

not try to answer too many questions or collect data that were not originally

intended.
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Interesting

Research is time-consuming and requires substantial energy and motivation.

There could be delays involved, which could result in frustrations with the

process. To produce high-quality systematic research, researchers should be

passionate about their work and should maintain a good intensity of interest

and focus throughout the research process.

Novel

Any new research study must have the potential to add to the existing knowl-

edge base in pharmaceutical practice and policy. Occasionally, studies can be

replicated to see if the results are generalizable to a new setting or a different

population group, or if a new methodology builds on an existing technique.

To determine if the study is novel, a researcher should conduct an exhaustive

literature review, discuss with experts in the field, or search for studies that

have been supported by funding agencies.

Ethical

A good research question must meet ethical standards. In the USA, the

Institutional Review Board must review a research study for safety, privacy,

confidentiality, and consent before approving it. This review process is impor-

tant in protecting the rights of the participants, reducing their risks, and

increasing their benefits, both in carrying out the research and in publication

of the results. Special care must be given to studies using vulnerable groups,

such as prisoners, people with learning disabilities, other cultures, to ensure

ethical treatment.

Relevant

As mentioned earlier, the study has to add to the scientific knowledge base

of pharmaceutical practice, influence pharmaceutical policies, or advance

further research work. If the study is unable to produce such results, it is

irrelevant and should not be pursued. If faced with studies of uncertain

relevance, it is always advisable to discuss them further with men-

tors, clinicians, or experts. The questions should be very specific and

measurable.

Process of framing research questions

The process of framing a specific yet comprehensive research question can

overwhelm any new researcher. This process can be made easy if researchers

refrain from using highly complex questions as their first effort. Complex

research questions need complicated research design, which can make any

research process look difficult. Instead, researchers should eliminate all
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irrelevant distractions, no matter how interesting, from the broad topic and

select a simple and clearly stated question.

Before a simple research question is stated, researchers should know how

to frame a question. There are no standard guidelines for writing questions;

however, as the questions have a profound effect on the research process, it is

advisable to be familiar with the basic rules of writing questions that are clear

and concise. There are two components to any research question: the stem of

the question, which directs the research process, and the topic of interest,

which is simply what the question is about or the focus of the study (Brink and

Wood 2001). For example, in the question “What are the characteristics of

successful practitioners?” the stem is “what are” and the topic of interest is

“characteristics of successful practitioners.” Based on the number of stems

and topics, a research question can be classified as a simple or complex

question. The above sample question is a simple question because it has one

stem and one topic. A complex question, on the other hand, hasmore than one

stem and topic. For example, “What is the relationship between exercise and

obesity?” is a complex question because it has two topics of interest – exercise

and obesity.

Apart from being simple, a research question must be action oriented, i.e.,

a question must demand an answer. An example of an action-oriented ques-

tion is “What is the relationship between exercise and obesity?” The same

question can be presented as a statement “Exercise has an effect on obesity.”

However, the statement is simply stating a fact and requires no further

research. Instead, if the statement is presented as an action-oriented question,

it demands an answer. There are certain questions that help little to answer a

research topic and must be avoided. These questions are called “stoppers.” A

question that can be answered by a “yes” or “no” is not considered action

oriented because there is no need to do any research to find the answer.

Similarly, questions that start with “should,” “could,” or “do” are also not

considered action oriented because they elicit opinions and not facts (Wood

and Ross-Kerr 2006). For example, “Should obese patients exercise?” or “Do

obese patients exercise?” can be answered as a “yes” or a “no” and are not

action oriented. However, by using stems such as “what” or “why,” the

question (stopper) can be changed to an action-oriented question by changing

from a passive to an active voice. The other half of the research question, i.e.,

the topic of interest, can be simple or complex depending on whether there is

one concept or multiple concepts or ideas.

Types of research question

At this point, it is clear that identifying the right question is one of the most

important steps in a research process. Working with the right question is also

important because the type of question dictates the use of specific research
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approaches (Meadows 2003; Newton et al. 2004). These approaches can be

broadly categorized into quantitative and qualitative.

Quantitative research is a systematic process that utilizes numerical data

to obtain information about the problem and is often theory driven.

Randomized clinical trials and surveys are examples of quantitative designs.

On the other hand, qualitative research involves descriptions of cases or

social phenomena in a natural setting and do not use calibrated or scaled

measurements as quantitative research does. For example, differences in the

immunization rates in elderly populations across ethnic groups can be

examined using quantitative research such as a survey. If the researchers,

instead, are interested in identifying factors that influence the disparity in

immunization rates in ethnically diverse population, a qualitative research

such as an in-depth interview can be used. Research generally addresses

three basic types of research questions: descriptive, relational, or causal

(Meadows 2003).

Descriptive

The primary purpose of a descriptive study is to describe what is going on or

what exists. Such a study forms the basis for all research. Examples of descrip-

tive studies include case studies and prevalence and incidence studies. For

example, a study examining the prevalence of smoking among general prac-

tice patients and assessing their readiness to quit is a type of descriptive study.

Descriptive questions can be answered by both qualitative and quantitative

approaches.

Relational

A relational study is designed to look at the relationship between different

phenomena. For example, the proportion of men willing to quit smoking

compared with women in the last year is essentially studying the relationship

between gender and willingness to quit smoking. Relational questions can be

answered only by quantitative research.

Causal

This type of study examines whether one ormore variables (e.g., a program or

treatment variable) cause or affect one ormore outcome variables. The goal of

causal studies is to determine cause and effect. For example, does an inter-

vention program using a motivational interviewing technique improve quit-

ting in a smoking population? In such a study type, it is important to ensure

that the only possible cause is the variable of interest. Causal questions can be

answered only by quantitative research. Randomized controlled trials are

considered the gold standard technique for establishing cause-and-effect

relationships.
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Hypothesis

Definition

According to Kerlinger and Lee (2000), a hypothesis is a specific statement of

prediction presented in a testable form that consists of at least one specific

relationship between two variables (concepts), which are measurable. For

example, “Patients with a greater knowledge of asthma have a significantly

higher rate of adherence to the medication regimen.” The hypothesis identi-

fies disease knowledge and adherence as two variables with a relationship that

can be observed and measured.

When there is enough information to predict the outcome of the study and

the researcher intends to test the significance of the prediction, the research

question is stated as a hypothesis. A clear and concise question can be con-

verted into a hypothesis by using a testable, declarative statement which can

be either supported or refuted (Fain 2004; Lipowski 2008). By specifying a

prediction about outcome, a hypothesis connects theory (abstract) to the

empirical world (concrete) (Polit and Hungler 1991). The process of gener-

ating a hypothesis thus involves moving from a generalized set of theoretical

statements to establishing a more concrete and specific relationship between

variables to generate an answer (Behi and Nolan 1995). If the observed

relationship between variables is consistent with the study hypothesis, then

there is empirical evidence in support of the theory. On the other hand, if the

observed relationship between variables is not consistent with those hypoth-

esized, it is an indication that the theory needs to be further refined and

verified.

Hypotheses are mostly associated with quantitative research where they

are generally derived from a theory and presented as a specific and precise

statement. Hypotheses testing also occurs in qualitative studies but, compared

with quantitative research, hypotheses differ in nature and form. In qualita-

tive studies such as exploratory or descriptive studies, hypotheses are derived

from literature review or observations and aremainly used for theory building

(Behi and Nolan 1995). Sometimes, qualitative studies are considered as

studies with no hypothesis. On the other hand, there can be studies with more

than one hypothesis.

Regardless of the format used to state a hypothesis, the declarative state-

ment should include the variables being studied, the population being studied,

and the predicted outcomes. According to Fain (2004), a general model for

stating hypotheses is as follows: study participants who receive X are more

likely to have Y than those who do not receive X. In this model, X represents

the independent variable (variablemanipulated by the researcher) andY is the

observed outcome. Words such as “greater than,” “less than,” “positively,”

or “negatively,” which are commonly used in a hypothesis, simply denote the
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direction of the hypothesis. For example, patients with greater knowledge of

asthma have a significantly higher rate of adherence to the medication regi-

men than patients who have little knowledge about their disease:

Study participants ¼ patients with asthma
X ¼ knowledge of the disease
Y ¼ adherence rate:

Criteria for a good hypothesis

There are several criteria that must be considered in order to formulate a good

hypothesis (Behi and Nolan 1995). First and foremost, the hypothesis must be

written a priori – meaning before the research. As hypothesis exerts consider-

able influence on different aspects of the study, an a priori hypothesis will help

researchers maintain objectivity throughout their research process. Second, the

hypothesis must be stated very clearly, with clear operational definitions of

variables. Third, a single hypothesis should specify only one relationship. As a

hypothesis with multiple relationships among variables is difficult to under-

stand, the researcher can use multiple hypotheses, each expressing a single

relationship between two variables. This will help increase the clarity about the

relationship between multiple variables and it will also be easy to confirm or

refute study findings. Fourth, the hypothesis must be testable and presented in

a declarative format, so that a research study can be designed to test the

predicted relationship between variables. Finally, the hypothesis should state

the relationship between the study variables. Generally, the relationship is

causal in nature; however, if an associative hypothesis is suggested, the positive

or negative correlation has to be stated as well.

Types of hypotheses

Hypotheses are classified as simple versus complex, nondirectional versus

directional, associative versus causal, and statistical versus research

(Norwood 2000; Fain 2004).

Simple versus complex hypotheses

A simple hypothesis predicts the relationship between one independent var-

iable and one dependent variable. A complex hypothesis predicts the relation-

ship between two or more related independent variables and/or two or more

related dependent variables. Although simple hypotheses are easier to test,

measure, and analyze, they are less useful in our research field given the range

of factors that are considered in a research study. A researcher has to decide

the type of hypothesis that is best for the study and for the study’s feasibility. If

a complex hypothesis is appropriate but it is difficult to test or collect data,

then a simple hypothesis should be considered instead. For example, a simple
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hypothesis can be stated as “Patientswith greater knowledge of asthma have a

significantly higher rate of adherence to the medication regimen than patients

who have little knowledge about their disease.” The independent variable

is the amount of knowledge (greater versus lesser) and the dependent variable

is adherence. A complex hypothesis is stated as “Patients with greater knowl-

edge of asthma and better access to care have a significantly higher rate of

adherence to the medication regimen, decreased hospitalization rate, and

incur lower costs of care than patients who have little knowledge about their

disease or have a barrier to access to care.” In this hypothesis, the independent

variables are the amount of knowledge (greater versus lesser) and access to

care (some versus none), and the dependent variables are adherence, incidence

of hospitalization, and costs of care.

Nondirectional versus directional hypotheses

In a nondirectional hypothesis, a relationship between variables is predicted

but the researcher is unsure or not confident about the direction of the out-

come. It is difficult to identify independent and dependent variables in such

hypotheses. Nondirectional hypotheses are used when past research provides

inconsistent or conflicting results or when the direction of the relationship is

unknown and is simply stated as “X is related to Y.” In a directional hypoth-

esis, the direction of the relationship between independent and dependent

variables is clearly stated.

A directional hypothesis is stated as “When X increases, Y increases”

(positive or direct relationship) or “When X increases, Y decreases” (negative

or indirect relationship). Thus, these hypotheses are more logical compared

with nondirectional hypotheses. For example, if social support is related to

depressive symptoms in elderly people, this is considered a nondirectional

hypothesis. It does not indicate whether the depressive symptoms increase or

decrease with the presence or absence of social support for elderly people. On

the other hand, if it states that the presence of social support decreases

depressive symptoms in elderly people, then this is a directional hypothesis.

Associative versus causal hypotheses

The basic difference between associative and causal hypotheses is whether a

cause and an effect have been specified (Behi and Nolan 1995). In an asso-

ciative hypothesis, there is no implication for causality and it simply asserts

that a change in one variable is associated with change in the other (Norwood

2000). This association can be either positive or negative. In positive associa-

tions, variables move in the same direction whereas, in negative associations,

variables move in the opposite directions. For example, research shows that

patients with chronic conditions such as arthritis or diabetes have depression.

Thus, there seems to be a positive correlation between chronic conditions and

the presence of depression.
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In a causal hypothesis, both independent and dependent variables are used

to describe the nature of the predicted relationship. Causal hypotheses are

always directional and independent variables must precede dependent vari-

ables. In addition, causal hypotheses are stated as null or alternate hypotheses.

For example, a causal hypothesis can be stated as “A new treatment regimen

will cause a difference in depression.” This describes the cause-and-effect

relationship between the treatment regimen (independent variable) and

depression (dependent variable).

Statistical versus research

A statistical hypothesis, also referred to as a null hypothesis, asserts that no

relationship exists between two variables. Statistical hypotheses are usually

used to test the relationship statistically and determine whether the observed

relationship is due to chance or is a true relationship. A research hypothesis,

also referred to as an alternate hypothesis, asserts that a relationship or

difference exists between two variables. This type of hypothesis indicates

what the researcher expects to find in the study results. Research hypothesis

can be simple or complex, directional or nondirectional. The example used for

a causal hypothesis can be stated as a null hypothesis “Therewill be no change

in depression as a result of the treatment regimen.” The alternate hypothesis

will be stated as: “There will be a change in depression as a result of the

treatment regimen.”

Operationalization

Abstraction and extensionalization

The research problems, research questions, and hypotheses all identify vari-

ables or concepts that can be measured or manipulated within the study

(Burns and Grove 2005). Abstraction is the process of reducing the informa-

tion content of variables and concepts deemed unimportant to a clear defini-

tion. The process of abstraction involves some loss of detail and, therefore, the

derived concept is never equivalent to the original concept (Hepler 1980). A

variable is merely a quality or a characteristic of a person, thing, or situation

that can be measured, e.g., height, weight, and blood pressure. Variables are

also concepts at various levels of abstraction and are classified into two types:

highly concrete or lower-level abstractions that have distinct characteristics

and are easily measurable (e.g., blood pressure, height) and highly abstract or

higher-level abstractions (e.g., love, anger, panic). The abstract concepts, even

within a discipline, have several meanings, are vague, and need further refine-

ment before they can be measured. The higher-level abstractions are referred

to as research concepts and are generally studied in qualitative studies and

some quantitative studies (correlational). The observable characteristics of a
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concept are called indicators. A given observable characteristic can also be an

indicator for several concepts, e.g., chest pain can be an indicator for angina,

indigestion, ulceration, or musculoskeletal injury.

When a hypothesis is being developed, the process of abstraction is con-

tinuously occurring and the hypothesis is linked by the highest levels of two or

more abstractions. For example, “compliance” and “counseling” in the fol-

lowing hypothesis are the highest levels of abstractions: “Patients receiving

counseling from their pharmacists are more compliant with medications

compared with patients who are not counseled by pharmacists.” The two

higher levels of abstractions have to be refined and converted to lower-level

abstractions so that they can be observed and measured in the study. For

example, compliance can be measured from patient self-reports, pill counts,

urine tests, etc. Similarly, counseling can be measured as oral or written

communication, formal or informal styles, etc. The process of keeping the

abstractions distinct and maintaining the relationship between higher

level abstractions and observable facts is called extensionalization, i.e.,

extensionalization is the connection between reality and the perception of

the observer. Mixing two levels of abstractions can be misleading and should

be avoided (Hepler 1980).

In the above example, each of these abstractions is measured in a number

of ways. As each of these measurements will yield a different study result, it is

important to extensionalize the abstractions. One method of extensionaliza-

tion is by ostention, the definition of which is accomplished by showing or

pointing to it as it is named (Hepler 1980). This is used in the early stages of

extensionalization, and is often used in radiological, microbiological, or der-

matology studies using pictures and figures. Even though this procedure seems

archaic, it is a useful method to relate labels to reality (Hepler 1980). Another

important method of extensionalization is to use an operational definition.

Here, an abstraction is defined by the procedures or actions necessary to

quantify or measure the variables and concepts. An operational definition

develops a concrete and procedural definition of abstract concepts and vari-

ables that otherwise are difficult to measure. This is often used in pharma-

ceutical practice and policy research.

The process of operationalizing a variable or a concept requires the devel-

opment of conceptual or operational definitions, based on theoretical mean-

ing, into a specific concept or variable. A conceptual definition is more

comprehensive than a denotative definition and is established through con-

cept synthesis or concept analysis (Burns and Grove 2005). Intelligence,

honesty, weight, and knowledge are examples of ideas that are often concep-

tually defined. Once a conceptual definition has been established, the

researcher must then use an operational definition to indicate how the

abstract concept will be measured. For example, one of the conceptual defini-

tions of weight would be a unit measure of gravitational force. This definition
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provides a basis for formulating an operational definition such as measure-

ment of an object on a weighing scale in kilograms or pounds.

Operationally defining a variable compels the researcher to express

abstract concepts in concrete terms. The selection of measures to determine

the concepts will depend on the degree of abstraction. It is easier to operation-

alize a concrete concept such as “height” than an abstract concept such as

“anger.” Height can be operationally defined in centimeters or inches but

there is less clarity in how anger can be measured. Anger can be defined

operationally in facial expression or tone of voice, but the definition will

differ across people, making it difficult to operationalize. Generally, abstract

concepts such as anger or satisfaction are measured by indices where several

discrete indicators are combined into one score (using standardized question-

naires or scales).

Operational definition is usually derived from a set of procedures or

activities employed by the researcher in either manipulating an independent

variable or measuring a dependent variable (Kerlinger and Lee 2000; Burns

andGrove 2005). Based onwhether the variables in the study aremanipulated

to create the presence of the independent variable or describe the measuring

operations for the dependent variable, operational definitions can be classi-

fied into experimental and measured, respectively. For example, consider the

hypothesis “Patients are more compliant with medications if the group

counseling session is short, rather than long.” The behavior (dependant var-

iable) “compliant” and the duration of session (independent variable) “short”

or “long” need to be operationalized. The experimental operational defini-

tion will spell out the details of the researcher’s manipulation of the indepen-

dent variable. Intervention researchers often spend significant time and effort

in developing the procedures and details of experimental operational defini-

tions (short session of counseling [including details] for 30minutes or less, and

long session of counseling [including details] for more than 30 minutes). The

measured operational definition will describe the operations by which

the dependent variable is measured. The measured operational definitions

are often driven by the data collection and coding procedures (compliance

expressed as medication possession ratio calculated as the number of days of

medication dispensed as a percentage of 365 days). Nonexperimental

research involves measured operational definitions for all variables.

Issues to consider in operationalization

There are certain issues that need to be considered when operationalizing a

research question or hypothesis. Most of the time, a study will include con-

crete concepts that can be easily operationalized. Concepts in quantitative

research are very specific and can be quantified (converted to numbers) with

ease. The concepts in qualitative research are usually more abstract in nature

and are broadly defined. In such a case, the concepts cannot be completely
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defined by a single operational definition. Researchers can review the litera-

ture and use operational definitions based on the definitions used in other

studies. In doing so, researchers have to make sure that the published defini-

tions are applicable to their study, and that the reliability and validity of the

operational definition have been established. Another issue that needs to

be considered is that the operational definition should be independent of time

and setting (Burns and Grove 2005). Thus, the same definition of a variable

can be used at different times and in different settings. Lastly, the operational

definition is sometimes more restrictive and specific than the conceptual

definition. Care should be taken to make sure that broad concepts are not

“too narrowly interpreted.”

Procedures for operationalizing concepts

Operationalization is a continuous process and involves a number of interre-

lated stages (Waltz et al. 2005). As each stage progresses, there is an ongoing

transformation from an abstract concept to a concrete one. The different

stages are not mutually exclusive and there is a lot of interplay between them.

The first stage involves developing the conceptual definition. The purpose is

to translate a vague concept and give it a precise meaning so that it can be

easily understood. Conceptual definitions can be developed using a number of

strategies including literature review, concept mapping, and developing the-

oretical models. An example of a multidimensional concept is “functional

status,” which is defined as the ability of the person to perform activities of

daily living. The next stage is to identify the variable characteristics of the

concept. Variables are selected if they provide useful information about the

concept, help in understanding the concept, and are measurable. Several

dimensions of functional status can be identified including body care, exer-

cises, social activities.

The next stage in the operationalization process is to select observable

indicators. For each dimension of functional status, specific observable indi-

cators can be identified. For body care, indicators could be the ability to dress

including tying shoelaces and doing up buttons. The next stage is to develop

operational definitions of the indicators, i.e., developing means to observe

and measure indicators. The last stage is to evaluate if the concepts have been

appropriately and satisfactorily operationalized. This involves evaluating the

clarity, precision, reliability, validity, feasibility, and consistency of all vari-

ables and indicators used in defining a concept.

Summary and conclusions

In this chapter the four major steps in operationalizing a research study have

been discussed. Identification of a concise and clear research problem is

the first and most important step. Specific research questions and hypotheses
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are then formulated to bridge the gaps between the research problem and study

design, data collection, and analysis. Research questions focus on describing

variables, examining interrelationships of variables, or evaluating causal rela-

tionships of single or multiple variables of interest. In contrast to research

questions, hypotheses are specific statements of prediction and consist of at

least one specific relationship between two variables, which are measurable.

Abstraction is a process of linking higher-level abstracts, which in turn are

linked to the observable level through extensionalization. Operational defi-

nition, a method of extensionalization, is usually derived from a set of pro-

cedures or activities employed by the researcher in either manipulating an

independent variable or measuring a dependent variable. The goal of oper-

ationalization is to move from a highly abstract concept to a concrete concept

that is measurable.

In conclusion, formulating a clear and concise research problem is a chal-

lenging process. Research problems undergo several iterations until they are

ready for empirical investigations. Based on the research problem, specific

research questions and hypotheses are developed that give direction to the

research study. As for research problems, research questions and hypotheses

have to be refined and this requires a thorough search and understanding of

the literature. Operational definitions are fundamental to an optimal research

project and provide the bridge between incidental observation and scientific

validation of theories and concepts. By spending thoughtful time on identify-

ing and operationalizing a good research idea, a researcher can generate new

knowledge that can go a long way to improving and augmenting current and

future pharmaceutical practice and policy.

Review questions

1 Describe the approaches to conceptualizing a research problem.

2 Describe the characteristics of a good research question.

3 What are the different types of research questions and discuss their

sources?

4 Define hypothesis and explain the different types of hypotheses in

research studies.

5 What is operationalization and discuss the procedures for operationa-

lizing research questions?
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4
Measurement theory
and practice

Rajender R Aparasu

Chapter objectives

* To explain the concept of measurement
* To discuss levels of measurement
* To describe reliability and methods to evaluate reliability
* To describe validity and methods to evaluate validity

Introduction

Measurement forms the basis for empirical health services research including

pharmaceutical practice and policy research. The measurement process is

designed to record and capture the underlying construct and concept. In

healthcare, critical policy and practice discussions are based on cost, quality,

and access. These concepts or constructs have to be measured and analyzed

using variables to evaluate the performance of a healthcare system at the

patient, family, institution, and population levels. Each of these constructs

is complex and often requires multiple measures or variables to capture the

underlying concepts. Advances in measurement of each of these dimensions

have led to improvement in the healthcare system. For example, the develop-

ment of the Diagnostic and Statistical Manual of Mental Disorders (DSM),

diagnostic-related groups (DRGs), and Healthcare Common Procedure

Coding System (HCPCS) has led to changes in healthcare delivery and reim-

bursement. In recent years, measurement of quality of healthcare based on

structure, process, and outcome has gained significance due to its importance

in healthcare delivery (Donabedian 2003).

The measurement process involves a systematic assignment of values or

numbers to observations based on a priori rules of measurement

(Viswanathan 2005). It is a critical step in quantitative research because it

also defines the subsequent steps in conducting research such as analysis and
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interpretation of the research findings. The measurement process involves

recording observations that are manifestations of the underlying construct;

this requires a good understanding of the construct and the measurement

process. Often the variables are operationalized based on the methodology

used to capture these variables. This can involve collection of data by the

researcher, also called primary data, or data collected by others for reuse,

also referred to as secondary data. The operationalization and collection of

data are critical in the measurement process. Further evaluation of this

measurement process will confirm whether the process is truly measuring

the construct, which entails ensuring that the measurement process is reliable

and valid. This chapter describes the concept and levels of measurement, and

discusses reliability and validity, and methods commonly used to evaluate

reliability and validity.

Nature and level of measurement

The measurement process for any construct is based on the existing knowl-

edge base regarding the construct. The measurement of physiological con-

structs such as blood pressure and blood glucose is often standardized.

However, behavioral constructs such as compliance are rather complicated

because the observed behavior may or may not reflect the intended construct.

An understanding of the measurement process for behavioral constructs can

provide a good framework to understand the measurement process in

general. Summers (1970) suggests that the measurement process of an

abstract construct such as behavior that is not directly observable involves

three interlinked operational subprocesses:

1 Identification of acceptable behavior specimens that represent the

underlying construct

2 Data collection of specimens

3 Conversion of specimens to a quantitative variable.

An acceptable specimen defines the data collection process, which in turn

determines the type of quantitative variable. Often operational definitions,

especially measured operational definitions, are based on these three opera-

tional subprocesses.

Acceptable behavioral specimen

Identification of acceptable specimens that represent the underlying construct

is a critical step in the measurement process. The current knowledge base

defines ones that are acceptable and those that are not. Acceptable specimens

for diagnosis of diabetes such as blood glucose and glycated hemoglobin are

often standardized. The measurement process for constructs such as
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compliance is complex. However, the concept of compliance with a medica-

tion regimen is important in evaluating treatment effects. Compliance refers

to the extent to which the patient follows healthcare advice (Hayes et al.

1979). Not all patient behaviors that reflect compliance with a medication

regimen are easily observable by researchers and clinicians. Compliance with

a medication regimen can include behaviors that can capture the extent to

which the patient is taking medication with respect to frequency and duration

of therapy. The behavior specimens such as refill history which capture fre-

quency and duration of therapy are considered acceptable for measuring

compliance (Farmer 1999). Other medication-taking behaviors can include

time of administration and avoidance of certain foods.

Data collection

The data collection process entails capturing data based on specimens. Often

multiple data collection processes can be linked to the behavior specimens.

With respect to compliance, the data collection can involve self-reports of

specimen behavior or observation of overt behavior such as refill history

(Farmer 1999). The self-report methodology involves measurement of patient

responses to a series of questions or items using a survey instrument to

determine medication-taking behaviors. Self-report methodology is based

on the assumption that the patients can report their medication use behavior.

Overt behaviors of compliance can be assessed by direct observation of

patient behavior or refill history as captured in prescription claims data.

Refill history measures, such as medication possession ratio, reflect the num-

ber of doses filled by the patient for the dispensing period. Refill history is

based on the assumption that prescription-filling behavior reflects the

patient’s medication use pattern. Compliance measurement based on bio-

chemical instruments to evaluate drug levels can also be used as a behavior

specimen (Farmer 1999).

Assignment of values

Converting the behavioral specimen to a variable involves assignment of

values based on the rules developed for data collection to evaluate the under-

lying concept. The assignment process should reflect variation in the under-

lying construct. For example, the value assigned to a compliance measure,

based on self-reports or refill history, should reflect the extent to which the

patient is following the healthcare advice for medications. Measurement and

further analysis are dependent on the properties of the variable. The levels of

measurement can be classified as nominal, ordinal, interval, and ratio, based

on the properties of the quantitative variable. This is also referred to as

Stevens’s (1946) scales of measurement.
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The nominal measure, also called the categorical measure, is the simplest

and lowest form of measurement. It is used for naming or identification

purposes. Examples include measurement of gender (male or female) and

ethnicity (white, black, etc.). The subgroups in a nominal variable are mutu-

ally exclusive and exhaustive. All members of a group have the same identity

and there is no relationship among the subgroups. For nominal measures the

assignment of numbers, letters, or symbols is only for labeling and grouping

purposes. Although numbers are often used for labeling or coding purposes,

they do not have an arithmetic value. Consequently, none of themathematical

manipulations can be used for nominal measures. The nominal measures are

often used for counting and to examine frequency distribution. The number of

subgroups for classification or labeling is based on the extent of identification

needed. For example, the respondents’ residences can be grouped by state (50

states) or by region (northeast, midwest, south, and west). Nominal variables

can be used as dichotomous variables where only two subgroups are recorded

such as white and nonwhite for race.

The ordinal measure is rank ordering of a group membership with prop-

erties of transitivity. The group membership can be ordered from lowest to

highest with a clear interrelationship of the levels, unlike the nominal mea-

sure. For example, the health status of a patient can bemeasuredwith levels or

responses of excellent, very good, good, fair, or poor. Similarly, a patient’s

perception of compliance can be measured using a five-point scale from most

compliant to least compliant. Ordinal measures are often used in survey

instruments, and can be ordered from highest (excellent) to lowest (poor).

In addition, the rank order relationship levels are mutually exclusive and

exhaustive, similar to the nominal measure. In addition the interrelationship

of the levels is known. The distance between the levels is, however, not equal

and, at times, not known. The levels have properties of transitivity, i.e., if

excellent is better than very good and very good is better than good, this

makes excellent better than good.

The interval and ratio measurements have properties of equality of inter-

vals in addition to characteristics of an ordinal measure. The key difference

between interval and ratio measures is that there is an absolute zero level in

ratio measure. Ratio is the highest form of measurement because it can

represent the zero value of the measure. Mathematical manipulations such

as multiplication and division can be used for ratio measures. Examples of

ratio measures include prescription expenditure, hospitalization days, wait

time, andweight gain. The best example of an interval measure is temperature

measured on the Fahrenheit scale. The temperature is measured using the

equidistant scale of Fahrenheit in which there is no zero amount or quantity

of temperature; the assignment of zero temperature is arbitrary. The intelli-

gence quotient (IQ) scale is another example of an interval measure where the

distance between the scale values is the same. In psychometric research, it is
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difficult to find a measure that has an absolute zero. The interval measures

allow mathematical manipulations. In general, ratio and interval mea-

sures are used in the same way for statistical analysis. Ratio and interval

measures provide great flexibility for mathematical manipulations as long

as the original properties of measurement are satisfied. With respect to com-

pliance, the number of missed doses is a ratio scale that can be obtained from

patients using self-reports.

Measurement issues

Ratio and interval measurements are the most desirable measures in health

services research because they capturemore information about the underlying

construct, and are therefore more likely to reflect the variation in the under-

lying construct, than other ordinal or nominal measures. Ratio and interval

scales also have all the necessary properties required for mathematical manip-

ulations. Most importantly, these measures can be converted to low forms of

measures such as ordinal measures. It is not possible to convert ordinal

measures into ratio/interval measures. For example, family income captured

in dollars (ratio measure) can be grouped into high, middle, or low income

(ordinal measure) based on specific ranges of family income. However, it is

not possible to convert family income captured as an ordinal measure into a

ratio measure. In general, higher forms of measures should be preferred to

lower forms of measures.

The goal of the measurement is to assign values to a variable based on

the specific rules formulated to measure the underlying construct or con-

cept. The measurement process is also designed to capture variation in the

underlying construct. The values assigned in the measurement process are

distinct due to the differences in the underlying construct or concept. If

variations in the underlying construct or concept are not reflected in the

measurement, it leads to measurement error, which is an error in the mea-

surement process (Viswanathan 2005). Sources of measurement error can

be due to the measurement process itself or factors outside the measurement

process. For example, a measurement error may occur if the number of

missed doses is captured using self-reports in the presence or absence of a

physician. A good measurement process is designed to reduce such mea-

surement errors. These issues are considered in detail in the discussion of

reliability and validity.

Measurement and statistical analyses are based on the concept of analysis

of the variation. The type of measurement of variables determines the statis-

tical analysis to be used. This holds true for both dependent and independent

variables. The interval and ratio measures capture greater variation in the

dependent measures than the ordinal measures. Consequently, there is more

opportunity to explain the extent of variation in interval and ratio measures
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than ordinal measures. This can also improve to capture the sources of var-

iation in statistical analysis.

Reliability and validity

The goal of the measurement process is to ensure that the values assigned to

variables are reliable and valid. Reliability and validity are different dimen-

sions of the measurement process. Reliability ensures that the assignment of

values is consistent or reproducible, whereas validity ensures that the assign-

ment of values truly reflects the underlying construct or concept (Bohrnstedt

1970; DeVellis 1991; Trochim 2001). Both reliability and validity are impor-

tant in the measurement process because reproducibility of a measure as well

as the trueness of a measure is critical in research. Reliability of a measure

does not, however, ensure its validity. For example, use of self-reports to

capture compliance with medication may be reliable but may not be valid.

Self-reports of missing doses may consistently provide the samemeasures but

may not truly capture the patient behavior. The constructs in sociobeha-

vioral research are often abstract and hence require evaluations of reliability

and validity of the measurement process. Psychometric research has played a

significant role in the evaluation of reliability and validity. Some of the

reliability and validity evaluation methods are specific to survey research

involving a survey instrument. However, the concepts of reliability and

validity are relevant for both behavioral and nonbehavioral constructs.

Measurement errors

Both reliability and validity of a measurement are affected by measure-

ment errors. Measurement errors can be classified as random errors and

nonrandom errors (Viswanathan 2005). Random or chance errors, as the

term suggests, occur inconsistently, and cause the measures to deviate

randomly from the true value. Random errors negatively affect the reli-

ability of the measurement and are present in every measurement process.

The goal of a measurement process is to minimize random errors and,

thereby, maximize the reliability. The factors that influence reliability

can be the individual, instrumentation, and environment. Individual or

patient level factors include diurnal variation, education level, or bio-

logical variability. Instrument level factors include calibration of instru-

ment, or misreading or mistakes in recording questionnaire responses.

Environmental factors influence individual and instrumental factors, such

as temperature, pressure, light, or electrical fluctuations. An ideal mea-

surement process will minimize the influence of these factors to maximize

the reliability. This can be achieved using standard and consistent data

collection and administration methods. For example, the measurement can
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be recorded at one specific time for all participants to minimize diurnal

variation.

Nonrandom or systematic errors occur consistently by definition and

hence cause the measures to deviate from the true value nonrandomly

(Viswanathan 2005). The amount of systematic error directly influences the

validity of the measurement. It is inversely related to validity: high non-

random error decreases the validity of a measurement process. Systematic

bias is a classic example of a nonrandom error that threatens the validity of

a measurement process. Random bias does not influence the validity of a

measurement.

There are different types of biases such as information, recall, and inter-

viewer bias. Information bias occurs when there is consistently differential

information among the participants of interest due to underlying factors. For

example, in epidemiological research, test cases tend to provide more infor-

mation than control cases that do not have the disease. Recall bias occurs

where there is a differential ability to recall information about previous

experience due to issues related to time or experience. For example, the

measurement error in reporting the number of missed doses is likely to be

less than the number of doses actually taken according to the instructions

due to recall bias. Interviewer bias exists when interviewer perception or

behavior influences the responses. The measurement process should prefer-

ably control for systematic biases at both data collection and study design

stages to strengthen the validity. For example, blinding techniques are used

to hide the procedural aspects of study design from respondents and inter-

viewers to minimize the bias.

Reliability

Reliability, as discussed earlier, ensures that the measurement is consistent or

reproducible (Bohrnstedt 1970; DeVellis 1991; Trochim 2001). A reliable

measurement process will consistently provide the same or a similar value

for an unchanged variable, whereas a change in the underlying construct will

reflect a change in the value assigned. According to Bohrnstedt (1970), the

reliability assessments can be grouped into two major classes: measurement of

stability and measurement of equivalence. Measures of stability evaluate rela-

tionship or correlation of measures across time or evaluators, and examples

include the test–re-test method and interrater reliability. Measures of equiva-

lence evaluate relationship or correlation between two sets of instruments, and

examples include split-half, parallel form, and internal consistency methods.

Measures of stability

The test–re-test method analyzes measures obtained from the same partic-

ipants across time using the same instrument. It evaluates the stability of
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measurements over time. The instrument for measurement can be any

equipment such as a weighing scale or a survey instrument with a series

of questions. For example, weight measured using a weighing scale at one

time can be correlated with weight obtained after 1 hour. The time differ-

ence between the measurements is dependent on the type of measure. A

longer time interval can influence the reliability for some measures due to

changes in the underlying construct such as a person’s weight. For other

measures involving examinations, shorter time can influence the reliability

due to knowledge of the previous test. The general rule is that the time

interval should be long enough that respondents do not remember their

responses without the change in the underlying construct. The correlation

between the two measures on the same participants provides the correla-

tion coefficient. This method is often used to ascertain the reliability of

physiological measurements such as blood glucose and blood pressure. In

fact, diagnostic criteria for a disease are often based on the test–re-test

method. Pearson’s correlation is used to calculate the correlation coefficient

for interval–ratio measures, whereas Spearman’s rank correlation is used

for ordinal measures. In general, the correlation coefficient of >0.80 is

considered as a reliable determinant (Nunnally and Bernstein 1994).

Disadvantages of the test–re-test method include inconvenience and reac-

tivity. Due to multiple measurement processes it is inconvenient to partic-

ipants and researchers. Reactivity refers to change in the underlying

construct due to testing. For example, patients responding to a question

related to compliance are sensitized to the issue of compliance and thus

provide responses that might reflect an improvement in compliance.

Interrater reliability involves analysis of measures obtained from the same

participants by different evaluators using the same instrument. For example,

pharmacists’ counseling time can be measured by two independent observers.

The reliability of such measures can be evaluated by correlating the time

measures obtained from the two observers. Cohen’s k coefficient is used for

reliability involving two evaluators, whereas Fleiss’s k is used for measures

involving multiple evaluators (Landis and Koch 1977). These measures are

calculated based on the difference between percentage of agreement among

evaluators and probability of chance agreement.

Measures of equivalence

The split-half method is one of the earliest measures of equivalence to deter-

mine questionnaire reliability. This method involves dividing the number of

items or individual questions of a survey instrument into two equivalent

halves; the correlation between the two halves provides the correlation coef-

ficient. There are two options for dividing the items or questions: one method

involves dividing the items into even and odd questions; the other involves

dividing the items into first and second halves. The decisions on the type of
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splitting are based on practical considerations and type of items in the survey

instrument. Irrespective of the approach, the split-half method provides two

measures on each participant based on two equivalent-formmeasures, and the

measures from the halves are then used to calculate the correlation coefficient.

The basic underlying principle in the split-half method is that the two halves

are designed to measure the same underlying construct. The strength of the

split-half method is that it overcomes the problems of test–re-test methods

such as reactivity and inconvenience. The weakness of the split-half method is

that two halves must measure the same underlying construct and the reliabil-

ity coefficient can vary based on the approach used to divide the items. The

Spearman–Brown prophecy formula is generally used to obtain the correla-

tion coefficient between the split halves (DeVellis 1991). The formula is based

on the correlation coefficient between the split halves and correction needed

to divide the items in the survey instrument into two halves.

The parallel-formmethod is an extension of the split-half method in which

two parallel questionnaires are administered to each participant consecu-

tively. The time interval between administration of the two questionnaires

should be minimal to optimize changes in the underlying constructs. The

scores from the two forms or questionnaires are used to calculate the corre-

lation coefficient. Similar to the split-half method, the two forms should be

equivalent and measure the same underlying construct but should not be

identical. This method also overcomes the problems of test–re-test methods

such as reactivity and inconvenience. However, it may be cumbersome to the

respondents to complete two parallel questionnaires. In general it is easier

to develop similar items in the split-half method than to create parallel forms.

Consequently, the parallel-form method is seldom used in health services

research but often used in educational research involving examinations due

to experience in creating parallel exams and availability of a large pool of

questions.

The internal consistency method is the most frequently used method in

health services research. It involves correlation among all items or questions in

a questionnaire without the need to divide items or create forms. The internal

consistency method evaluates whether all items in a questionnaire are mea-

suring the same construct. It also overcomes problems associated with split-

half and parallel-form methods, such as varying reliability due to the process

used to divide the items or create the forms. Internal consistency is based on

the concept that items or questions designed to measure the same underlying

construct should be highly correlated. Thismeans that each item or question is

used to compare consistency of responses with other items in the question-

naire for the study sample. As a result, the correlation coefficient is sample

specific. There is a need to assess the reliability of the survey instrument with a

change in the study sample. There are several ways to compute a reliability

coefficient based on the internal consistency approach. Cronbach’s a is used
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to calculate the internal consistency of measures based on continuous mea-

sures (Bohrnstedt 1970; DeVellis 1991). The reliability coefficient increases

with an increase in the number of items and inter-item correlations. The

Kuder–Richardson coefficient (KR20 or KR21) is used to calculate reliability

for nominal measures. These coefficients are calculated based on the propor-

tion of same responses for an item.High conformity of responses leads to high

KR20 or a reliability coefficient of nominal measures. Cronbach’s a is an

extension of KR20 and both calculations are based on classic test theory.

Most statistical packages can calculate these reliability coefficients.

Validity

Validity, as mentioned earlier, ensures that the instrument developed for

measurement purposes truly represents the underlying construct (DeVellis

1991; Nunnally and Bernstein 1994; Trochim 2001). In addition to appro-

priateness, instruments are increasingly being evaluated for meaningfulness

and usefulness, in recent years, in order to strengthen the validity. Although

methods to ascertain validity have changed over the years, construct validity

has remained the cornerstone of all types of validity assessments. Construct

validity refers to the degree to which the instrument measures the underlying

construct. The evidence to strengthen the construct validity is based on inter-

nal structure and external relationships. The internal structure evaluates

the interrelationship of the items and underlying dimension of the construct.

The external relationship evaluates the relationship of the instrument to other

constructs.

The internal structure of the instrument should be consistent with the

underlying dimensions of the construct. Factor analysis is commonly used

in the development process of a survey instrument (DeVellis 1991; Nunnally

and Bernstein 1994). Exploratory factor analysis helps to identify various

factors or dimensions that are represented in the instrument. It also groups

items that belong together representing the underlying construct. For exam-

ple, this can be used to establish the dimensions of a quality-of-life scale.

Exploratory factor analysis is usually followed by confirmatory factor anal-

ysis to determine the extent to which statistical validity is based on the

underlying theoretical model. Although factor analysis approaches are useful,

the internal structure should not be the only basis of construct validity. The

relationship to other constructs also ascertains validity of the construct.

External relationships should be empirically tested for hypotheses developed

based on the theoretical relationships. This addresses the evidence of pre-

dictability and discernibility.

Trochim (2001) proposed that all types of validity testing methods should

strengthen the construct validity of an instrument. This can be achieved using
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translational and criterion validity. The translational validity addresses the

translational or transformational aspect of construct validity, which includes

face and content validity. These validity analyses are designed to ensure that

the items in the instrument reflect the underlying construct. Face and content

validity will ensure that the items represent the intended factors or dimensions

of the construct, which can also be confirmed using exploratory factor anal-

ysis. Criterion validity refers to the relationship aspect of construct validity,

and includes concurrent, predictive, convergent, and discriminant validity.

Methods for criterion validity empirically test for theoretical relationships.

The translational validity and the criterion validity ensure appropriateness,

meaningfulness, and usefulness of the instrument. Multiple methods are

needed to strengthen the construct validity of the instrument.

Translational validity

Face validity is the simplest method to ensure translational validity. It

addresses the question: Do these items and the overall instrument measure

the underlying construct? This involves a judgment or an opinion of a layper-

son or an expert. A layperson will provide his or her perspective, mainly to

address the issues related to the interpretation of items and administration of

the instrument. Experts can provide detailed opinion about the appropriate-

ness and wording of items, organization of items, and the overall look of the

instrument with respect to the underlying construct. It primarily involves

qualitative and subjective assessment of the instrument. Consequently, it is

considered as the weakest form of validity assessment. It is often used in the

development process to refine an instrument.

Content validity refers to the representative nature of the items to capture

the underlying dimension of the construct. It presents the relationship of items

to the dimensions of the underlying construct. The content validation process

requires a clear definition of the dimensions of the underlying construct and

ways to ensure that the selected items represent the relevant dimensions. The

dimensions of the construct can be defined from the literature or expert

opinion. For example, measurement of healthcare quality requires items or

questions related to the structure of the healthcare system, process of obtain-

ing healthcare, and outcomes of healthcare obtained (Donabedian 2003). A

content expert’s opinion can be sought to evaluate whether the measurement

items represent the defined dimensions. Although there is some subjectivity in

the process, seeking the opinions of multiple experts can reduce subjectivity

and improve the face validity. Also, analytical measures such as content

validation ratio, content validation form, and content validation index can

strengthen the content validity (Shultz and Whitney 2005). Content validity

will ensure that the items and the overall instrument reflect the dimensions of

the construct.
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Criterion validity

Criterion validity addresses the relationship aspect of the construct validity by

attesting to the relationships between the instrument and criterion, or other

measures, based on theory and practice. Selection of the criterion plays an

important role in criterion validity. The evidence and the extent of the inter-

relationship of criteria strengthen or weaken the construct validity. A strong

relationship means that the criterion is well validated and accepted. Often the

criterion selected is external and considered the “gold standard.” The theo-

retical and practical knowledge about the issues are critical in selection of the

criterion. For example, compliance measured using self-reports or refill his-

tory can be validated using the criterion of drug levels in blood or urine

because these are considered the gold standard. As mentioned earlier, types

of criterion validity include concurrent, predictive, convergent, and discrim-

inant validity.

Concurrent validity is a type of criterion validity that refers to the rela-

tionship between the instrument and the criterion measured at the same point

in time. The criterion selected for concurrent validity shouldmeasure the same

underlying construct as that of the instrument. The selected criterion should

be a standard measure. The rationale for concurrent validity is that, if

the instrument and the criterion are administered at the same time and mea-

sure the same underlying construct, then there should be strong correlation

between the two measures. For example, compliance measured using self-

reports can be validated by comparing responses with the drug levels in blood

or urine measured at the same time.

Predictive validity is a type of criterion validity that addresses the relation-

ship between the instrument and criterion measured at a future time. The

criterion and the instrument are not measuring the same underlying construct

as in the concurrent validity. However, the instrument should be able to

predict the criterion. For example, compliance measures based on refill his-

tory have been shown to predict the health expenditure in patients with

diabetes. This is based on the hypothesis that disease is managed better in

compliant than in noncompliant patients, and thus leads to a decrease in

healthcare expenditure. The rationale for predictive validity is that, if the

patients with diabetes are compliant, they will incur less expenditure due to

better disease-state management. Therefore, the criterion selected for predic-

tive validity should be based on theory and practice.

Convergent and discriminant validity are two sides of the same concept.

Convergent validity refers to convergence or a strong relationship between the

instrument and the criterion, which are theoretically similar. Discriminant

validity refers to little or no relationship between the instrument and the

criterion, which are theoretically different. Convergence validity is similar

to concurrent validity but it is not restrictive with respect to time of
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administration. The concept of convergent and discriminant validity is based

on the principle that, if the instrument is valid, it will be strongly correlated

with measures that are similar and will not be associated with measures that

are dissimilar. For example, instruments to measure pain and overall quality

of life will be strongly associated because they measure similar concepts.

Conversely, pain measures are less likely to be associated with perceptions

on economy as these are dissimilar concepts.

Measurement process and practice

Understanding the measurement theory and practice is vital in conducting

empirical research. An existing knowledge base defines the methodology

to operationalize a construct, which includes identification of acceptable

behavior specimens, data collection, and assignment of values to develop the

variable for an underlying construct. Some constructs are easy to measure,

such as expenditure; other constructs, such as quality, need a strong under-

standing of underlying theory in order to operationalize. Prescription expen-

ditures are usually captured using secondary data sources such as claims

data. The behavior specimen is reflected in claims data and it captures

payment by insurance companies and other sources. The data collection

involves use of secondary data and value assignment of expenditures

involves a ratio scale. Other constructs such as quality are complex and

require significant effort. The existing knowledge base suggests that quality

measurements should be based on the underlying dimensions. For example,

quality of medical care is based on measures of structure, process, and

outcome (Donabedian 2003). The operational definitions and measure-

ments processes for each of these dimensions are different. According

to Donabedian (2003), measures of quality are relevant only when there is

an interrelationship for structure, process, and outcome. Consequently,

greater understanding of the underlying theory and advances in data collec-

tion methodologies play an important role in the measurement process and

operationalization of healthcare constructs.

Reliability and validity issues are critical in the identification of behavior

specimen and data collection phases. Concepts of reliability and validity are

valuable to develop and improve a strong research instrument. Accordingly,

they should be considered tools for continuous quality improvement of

the measurement process. A well-defined construct helps to ensure the con-

struct validity of an instrument, which includes translational and criterion

validity. Translational validity includes face and content validity. The con-

siderations of face and content validity can be incorporated in the identifica-

tion of the behavior specimen phase to ensure that instrument development is

consistent with the underlying dimensions of the construct. The criterion

Measurement theory and practice | 67



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 4 Dated: 28/9/2010 At Time: 15:39:19

validity is difficult to incorporate into the behavior specification phase. In

general the considerations of translational validity are likely to ensure crite-

rion validity. Criterion validity can be tested only by correlating measures

from the instrument with a criterion. The test findings will reveal needed

improvements in the development phase. Figure 4.1 provides a schematic

diagram for the measurement process and practice.

In the data collection phase, the developed instrument is utilized to collect

the data. Various research techniques can be employed to ensure reliability

and validity of data collection. Standardized data collection and administra-

tion methods can minimize random errors and improve reliability. Pre-testing

of the instrument can help to identify items that require clarification. It can

also help to improve the organization of the instrument. Response biases can

be minimized using pre-tested items, techniques of blinding, utilization of

trained interviewers, and consistent data collection methods. The data col-

lection process should minimize random errors and control for nonrandom

errors tomaximize reliability and validity. The tests for reliability and validity

will ensure that the instrument developed and utilized for research is reliable

and valid.

Summary and conclusions

The measurement process is designed to record and capture the underlying

construct. This involves identification of acceptable specimens, data

1. Identification of acceptable specimens
2. Data collection
3. Assignment of values 

Reliability testing

Validity testing

Final variable

Construct

Figure 4.1 Measurement process and practice.
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collection of specimens, and conversion of specimens to a quantitative

variable. The decisions made at each of these interrelated steps are based

on the existing knowledge base of the construct. Reliability and validity

issues are critical in the measurement process. Reliability addresses stability

and equivalence of the measurement process. The tests of translational and

criterion validity are designed to ensure construct validity of the measure-

ment process. Construct validity addresses the extent to which the variable

measures the underlying construct. A reliable and valid measurement pro-

cess will minimize measurement errors and thereby strengthen the research.

Measurement also forms the basis of subsequent steps in research such as

statistical analysis.

Review topics

1 Discuss levels of measurement using examples.

2 Describe the concept of reliability and methods to evaluate reliability.

3 Discuss common types of measurement errors.

4 Describe the concept of validity and methods to evaluate validity.

5 Describe themeasurement process using an example in pharmaceutical

practice and policy research.
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5
Experimental designs

Kenneth A Lawson

Chapter objectives

* To explain criteria for establishing causal relationships
* To describe threats to internal and external validity
* To describe common experimental designs
* To identify strengths and weaknesses of experimental designs

Introduction

According to Kerlinger and Lee (2000), research design describes the plan and

structure of a study to answer a research question. An important step in the

research planning process for any study is determining which research design

is appropriate. That decision depends on several considerations including the

nature of the research questions to be addressed. For studies that seek to

determine whether causal relationships exist between variables, experimental

research designs are preferred because their characteristics can control for

factors that may confound those relationships.

This chapter begins with a discussion of the nature of causal relationships

and the criteria for establishing causality. Next, the characteristics and types

of experimental research designs are introduced, followed by a description of

the threats to internal and external validitywhich are critical considerations in

selecting the appropriate design. Selected experimental designs are presented

and discussedwith respect to their control of validity threats. The final section

of the chapter covers the strengths and limitations of experimental designs.

Although the concepts discussed in this chapter are applicable to research in

any topic area, they are presented as they relate to pharmaceutical practice

and policy research.
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Causal relationships

Researchers sometimes seek answers to questions that are descriptive in

nature (e.g., How many new cases of influenza were reported last year?).

But they often address questions about cause and effect. Although it may

seem reasonable that some presumed cause is responsible for an observed

effect, other factors (both obvious and subtle) may be influencing outcomes.

Experimental research can provide evidence to help determine if hypothesized

causal relationships truly exist.

Polgar and Thomas (1991) propose three important criteria for the dem-

onstration of causality:

1 Antecedent occurrence of cause to effect

2 Covariation of cause and effect

3 Elimination of rival cause explanations of the effect.

Antecedent occurrence means that a cause must occur before an effect occurs.

A study testing the hypothesis that preservatives in vaccines cause autismmust

show that autism did not exist before vaccine exposure. Covariation means

that an empirical relationship must exist between the hypothesized cause and

effect. Covariation exists if people who receive vaccines with preservatives are

more likely to develop autism compared with those who receive preservative-

free vaccines. To meet the third criterion, elimination of rival cause explana-

tions, alternate explanations of the effect must be eliminated. In this example,

the study must account for other potential causal factors that may be present

in people who receive vaccines with preservatives.

Polit and Beck (2008) propose another important criterion specific to

health research: the presence of biologic plausibility. The causal pathway

must be credible based on laboratory or basic physiologic studies. Causal

relationships in the physical sciences are (arguably) easier to establish because

they obey physical laws. For example, combining the same reagents in the

same amounts under the same conditions will always yield the same results.

However, causal relationships in the health, social, and behavioral sciences

are more difficult to establish because of variations among people (partic-

ipants) and lack of control over study conditions. Various study designs and

analytic approaches have been developed to address these issues.

Experimental research

Research designs may be nonexperimental, quasi-experimental, or experi-

mental. All three types can provide valuable information when used appro-

priately. However, experimental research designs are preferred over other

designs for studying causal relationships because their characteristics are

better suited to meeting the criteria for demonstrating causality (Shi 2008).
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Design characteristics of controlled experiments

The “gold standard” for studying causal relationships is the controlled exper-

iment (also known as the randomized controlled trial or randomized clinical

trial [RCT] in medical research). The three major characteristics of controlled

experiments are (1) manipulation, (2) control, and (3) randomization (Polit

and Beck 2008). These design characteristics are responsible for the strength

of controlled experiments in studying causal relationships.

Experimental studies examine causal effects of a treatment or other type of

intervention (the primary independent variable) on designated outcomes

(dependent variables). Manipulation refers to the researcher administering

an intervention to some study participants. Interventions may take various

forms: in clinical drug trials, the intervention is the active drug; in medical

studies, the intervention is some form of treatment (e.g., a surgical procedure

or a radiation treatment); and, in health services research, the intervention

could be a wellness program. All independent and dependent variables

(including the intervention) in an experiment should be operationally defined

in a specific and explicit manner (Shi 2008). Also, the intervention must be

administered to participants consistently throughout the study to ensure study

validity.

Control refers to the control condition introduced by the researcher in

the form of a control group of participants not receiving the intervention.

Campbell and Stanley (1963) noted that at least one comparison is needed to

obtain scientific evidence. In experimental studies, that comparison is

between the experimental and the control groups. The experimental group

receives the intervention (e.g., active drug, surgical procedure, or educational

program) whereas the control group does not (or, in some studies, receives

usual care, a different intervention, or a placebo). The outcome variables are

measured for the experimental and control groups before (pre-test) and after

(post-test) the intervention is administered. Comparison of the outcome vari-

ables allows researchers to examine the experimental group for the effects of

the intervention and the control group for any changes in outcomes that occur

in the absence of the intervention. Assuming that other research design char-

acteristics control for confounding factors, differences between groups seen

from this comparison can be attributed to the intervention.

Randomization or random assignment means that the researcher ran-

domly assigns participants to the intervention group or the control group.

As every participant has an equal chance of being placed in any group,

random assignment should result in groups that are equivalent (or at least

differ only by chance) with respect to participants’ characteristics (known and

unknown) that could influence study outcomes. This allows researchers to be

confident that any observed differences between groups will be due to the

intervention rather than to other factors; it is the most effective way of
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eliminating alternate explanations of the outcomes (Shi 2008). Random

assignment is not always feasible or practical (Saks and Alsop 2007), and it

does not guarantee group equivalence; therefore, equivalence should be con-

firmed by comparing groups on relevant baseline characteristics. In studies

that do not use random assignment (e.g., quasi-experimental studies), the

control group is termed a “comparison group.”Researchers generally attempt

to establish comparison groups that are as similar to the experimental groups

as possible in these studies. Some studies use multiple experimental and

control groups.

Other characteristics of controlled experiments

In addition to the three major characteristics noted above, some controlled

experiments (particularly clinical trials) use blinding and inclusion/exclusion

criteria as control mechanisms.

Blinding

Participants may bias their responses and researchers/observers may bias their

observations (intentionally or unintentionally for both) (Cummings et al.

2001). For example, participants in a clinical drug study who know that they

are receiving the active drug may be more responsive than those who know

that they are receiving a placebo. Similarly a researcher who developed a

medication may be more likely to see improvement in the condition of the

participants who received the medication than in those who received the

placebo. To minimize these potential biases, studies are sometimes blinded.

In single-blinded studies, participants are unaware of their group member-

ship, but researchers/observers are aware. In double-blinded studies, neither

participants nor researchers/observers are aware of the participants’ group

membership. Although blinding is widely used in clinical drug trials to reduce

bias, it is not feasible in many studies (e.g., a study of a pharmacist-run

diabetes education program where participants and researchers are both

likely to be aware of the participants’ group membership).

Inclusion and exclusion criteria

Inclusion and exclusion criteria are used to specify the characteristics of the

target population of the study. Participants are selected into the study sample

so that their characteristics conform to the inclusion and exclusion criteria. To

the extent that the study participants’ characteristics match those of the target

population, generalizability of the study findings is enhanced. Grady et al.

(2001) identify factors that should be considered in establishing inclusion and

exclusion criteria for clinical studies. Inclusion criteria are generally based on

demographic, clinical, geographic, administrative, and temporal (study time-

frame) characteristics that are relevant to the study. Exclusion criteria are
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used to identify individuals who will not be studied because of the following:

their characteristics do not match those of the target population; a high

likelihood of being lost to follow-up; an inability to provide good data; being

at high risk for side effects; and characteristics that make it unethical to

withhold the study treatment. Other factors may be relevant depending on

the nature of the study.

Types of experiments

Several types of experiments are available for researchers including labora-

tory experiments, field experiments, natural experiments, and simulation

experiments.

Laboratory experiments

The terms “controlled experiment” and “laboratory experiment” are often

considered to refer to the same type of study. Shi (2008) defines laboratory

experiments as “experiments conducted in artificial settings where research-

ers have complete control over the random allocation of subjects to treatment

and control groups and the degree of well-defined intervention.” They repre-

sent the ideal, “gold standard” type of experiment. They are widely used in

medical research (including clinical drug trials) where they are known as

RCTs. However, they are rarely used in health services research because of

difficulties in implementing the experimental design and achieving other

experimental conditions.

Field experiments

Field experiments are studies conducted in realistic settings where the

experimenter manipulates the intervention and has as much control over

the conditions as is feasible (Kerlinger and Lee 2000). Many health services,

educational, and social science research studies occur outside the labora-

tory in realistic settings. Although researchers maintain some control over

the interventions in field experiments, they typically have less control over

the interventions and other experimental conditions compared with labo-

ratory experiments. The Rand Health Insurance Experiment is a well-

known example of a field experiment in health services research (Rand

Health 2008). The goal of this study was to determine how variations in

patient cost-sharing amounts affected health services utilization and

patient outcomes. Patient cost-sharing amounts (the intervention) were

manipulated by the researchers who studied how different cost-sharing

amounts affected participants’ utilization of healthcare services in a realis-

tic setting.
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Natural experiments

Shadish et al. (2002) describe a natural experiment as a “naturally occurring

contrast between a treatment and a comparison condition.” Researchers do

not control interventions in natural experiments; therefore, these are nonex-

perimental studies. However, they provide opportunities to study the effects

of interventions that occur naturally or that are controlled by people other

than the researchers. An example of a natural experiment is a study conducted

by Soumerai et al. (1991), which compared admissions to hospitals and

nursing homes among Medicaid patients in two north-eastern states, one of

which implementedMedicaid drug-payment limits and the other of which did

not. Although not a true experiment because the researchers did not manip-

ulate the intervention (drug-payment limits), this study contributed important

insight to the effects of limits on drug payments in a natural setting. Natural

experiments generally have high external validity and limited internal validity.

Simulation experiments

Shi (2008) describes simulation or modeling research as “a special type of

experiment that does not rely on subjects or true intervention.” Simulation

research uses specific analytic approaches such as decision analysis modeling

or Markov modeling to project the outcomes that will be experienced under

specified conditions over time given specific inputs. For example, St Charles

et al. (2009) conducted a Markov modeling study to evaluate the projected

long-term (60-year) cost-effectiveness of continuous subcutaneous insulin

infusion compared with insulin via multiple daily injections in patients with

type 1 diabetes. The researchers estimated treatment costs, changes in

glycated hemoglobin (HbA1c), progression and costs of disease-related com-

plications, and discount rates in developing their model. Compared with

controlled experiments, simulation studies are less costly, take less time to

complete, do not expose patients to potentially harmful conditions, and allow

researcher control over the model structure and input variables; however,

a disadvantage is their artificiality (Shi 2008).

Validity considerations in experimental research

Shadish et al. (2002) refer to validity in general terms as the “truth of an

inference.” For a given study, the research design, the data source and quality,

the data analyses and results, and the conclusions drawn from the results must

be considered by those making a judgment about whether or not the hypoth-

esized causal relationship truly exists. They proposed a typology consisting of

four components: internal validity, external validity, statistical conclusion

validity, and construct validity. Factors related to these components are
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considered in determining overall study validity. Threats to internal and

external validity are discussed here; statistical conclusion validity and con-

struct validity are addressed in other chapters.

Threats to internal validity

Polit and Beck (2008) define internal validity as “the extent to which it is

possible to make an inference that the independent variable is truly causing or

influencing the dependent variable and that the relationship between the two

is not the spurious effect of a confounding variable.” As the goal of experi-

mental research is usually to determine the cause-and-effect relationship

between an independent variable and a dependent variable, internal validity

is an important consideration. In experimental studies, researchers must use

research designs and methods that control the threats to internal validity to

the greatest extent possible. Commonly recognized internal validity threats

include selection, history, maturation, mortality/attrition, testing, instrumen-

tation, and statistical regression.

Selection

Selection bias may occur when participants self-select into study groups,

resulting in baseline group differences with respect to characteristics that

may influence study outcomes. Thus, differences in outcomes between groups

may be due to differences in group characteristics, rather than the effects of

the intervention. Selection bias also may be operating for the same reasons

when intact or pre-existing groups are used in studies. For example, selection

bias likely would be present in a study comparing outcomes of regular patrons

of pharmacy A (receiving medication therapy management [MTM] services)

versus regular patrons of pharmacy B (receiving usual care) because these

intact patient groups may differ with respect to education, health status, or

other factors that might affect the outcomes. As controlled experiments use

random assignment, selection is not likely to be a threat to internal validity. In

both randomized and nonrandomized studies, it is advisable to obtain infor-

mation on participants’ characteristics so differences can be assessed and

controlled for in statistical analyses.

History

History refers to the events that occur during the course of the experiment that

can affect the outcomes independent of the effects of the intervention. In the

MTM study example above, a public service campaign encouraging patients

to ask their pharmacists about their medications could be a history threat.

Determiningwhether the study outcomes are due toMTMservices, the public

service campaign, or both, would be very difficult. However, history is usually

not a threat to internal validity in controlled experiments because history
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events are as likely to affect the intervention as the control group (Polit and

Beck 2008). Any differences in outcomes between groups represent effects

over and above the history effects; these differences are attributable to the

intervention. History becomes a more plausible rival explanation of group

differences as the time interval between pre-test and post-test increases

(Campbell and Stanley 1963).

Maturation

Polit and Beck (2008) define maturation in a research context as “processes

occurring within subjects during the course of the study as a result of the

passage of time rather than as a result of a treatment.” These changes may

occur over long time intervals (participants may become older or more edu-

cated) or over short time intervals (participants may become more tired or

wound healing may occur naturally). Maturation processes threaten internal

validity if they produce outcomes that could be attributed to the intervention.

For example, in a study testing the effects of an antibiotic for otitis media,

maturation should be considered because some cases resolve naturally with-

out treatment.

Mortality/Attrition

Experimental mortality occurs if participants fail to complete the study. The

greatest threat to internal validity occurs when the attrition rates differ

between groups, producing groups that are no longer equivalent (Shi 2008).

With differential attrition, the advantages of random assignment are lost and

conclusions about the intervention may not be valid because between-group

differences in the dependent variable may be due to group in-equivalence

rather than the intervention. Participants may drop out of a study due to

adverse effects of a treatment, dissatisfaction with various aspects of the

study, relocation, or other reasons. Higher attrition rates are usually associ-

ated with longer data collection periods. An example of attrition threat can be

seen in a study evaluating the effectiveness of a diabetes education program in

whichmore participants in the intervention group (comparedwith the control

group receiving usual care) drop out because the program is too demanding.

Testing

Polit and Beck (2008) define testing as “the effects of taking a pre-test on

subjects’ performance on a posttest.”With some types of measures, especially

assessments of opinions, attitudes, and knowledge, the process of performing

the measurement may change the participants. In some cases, repeated mea-

surements may improve outcomes because each test serves as a practice

opportunity; in other cases, administering a questionnaire may sensitize par-

ticipants to the topic, causing changes in responses on a subsequent adminis-

tration independent of any intervention. Biophysiologic measures (e.g., serum
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cholesterol) generally are not subject to testing effects, although there are

some exceptions (e.g., having blood pressure taken may increase a patient’s

blood pressure). Achievement tests and attitudinal measures are more suscep-

tible to this threat. For most measures subject to a testing effect, a longer

interval between tests usually results in a smaller testing effect.

Instrumentation

Instrumentation as an internal validity threat refers to changes in measure-

ment instruments or procedures over time, which result in changes in study

outcomes independent of the intervention. For biophysiologic measures,

improperly calibrated instruments (e.g., blood chemistry analyzers) might

yield inconsistent results over time. During patient interviews, more experi-

enced interviewers may elicit different patient responses than less experienced

interviewers. In an academic setting, different evaluators may grade a phar-

macy student’s videotaped counseling session differently, or a single evaluator

may grade students’ essays more leniently or more harshly while progressing

through all of the class essays. Training should be provided to interviewers

and other raters to ensure consistency among raters and over time. With

appropriate calibration, objective measures (e.g., biophysiologic measures)

are less susceptible to instrumentation threats than subjective measures (e.g.,

observation of behavior or assessment of attitudes).

Statistical regression

Statistical regression (or regression to the mean) refers to the tendency of

participants whose scores are extreme on a measure to move closer to the

mean on subsequent measures. In other words, participants who scored very

high on the pre-test are likely to score lower on the post-test and those who

scored very low on the pre-test are likely to score higher on the post-test,

because the extreme scores typically contain a larger error of measurement.

This becomes an internal validity threat when participants are selected for an

intervention based on their extreme scores (e.g., when participants who

scored high are selected for a special program as a reward or when partici-

pants who scored low are selected for an intervention because they need it

more). Regression to themean should be considered as a rival explanation any

time that participants are selected on the basis of extreme scores.

Interactions of internal validity threats

Multiple internal validity threats may be operating simultaneously (Shadish

et al. 2002). In addition, internal validity threats may interact with each other.

For example, a selection–history interaction might occur in a study of the

effects of aMTMprogram on patient outcomes where the intervention group

consists of an intact group of patients from one geographic area and the intact

control group is from a different area. These groups might experience
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different history events that could change study outcomes, making the true

effects of the intervention difficult to determine.

Threats to external validity

External validity (generalizability) refers to the extent to which the relation-

ships observed in a study hold true over variations in participants, conditions,

settings, interventions, and outcomes (Polit and Beck 2008). For example, the

generalizability of the results of a study evaluating treatment algorithms in a

Medicaid or Veterans’ Administration population is limited to groups with

similar characteristics. Also, the generalizability of RCT drug study results to

actual use settings is limited. Campbell and Stanley (1963) and Shi (2008)

recognize several threats to external validity including the interaction effect of

testing, the interaction between selection and the intervention, the reactive

effects of experimental arrangements, and multiple treatment interference.

Interaction effect of testing

The interaction effect of testing occurs when taking a pre-test changes the

participant’s sensitivity or responsiveness to the intervention, thus making the

study outcomes unrepresentative of a population who is not pre-tested. For

example, this threat would be present in a study of the effects of a continuing

education (CE) program on participants’ knowledge of new drugs. A pre-test

would alert participants to important points in thematerial and theywould be

likely to pay more attention when that material is covered, whereas CE

participants who are not pre-tested (often the case in CE programs) would

not be sensitized to particular aspects of the material. As noted previously,

some types of measures (e.g., achievement tests and attitudinal measures) are

more susceptible to this threat than others (e.g., biophysiologic measures).

Interaction between selection and the intervention

This threat exists when selection results in participants who are not represen-

tative of the population of interest. In this situation, the study participants may

respond differently to the intervention than those to whom the researcher wants

to generalize. For example, clinical drug trials usually exclude pregnant women

and children as participants; however, as a result, the findings of these trials are

not generalizable to pregnant women or children and medical professionals are

left with a lack of information about use of medications in these groups.

Reactive effects of experimental arrangements

Reactive effects threaten external validity because the artificial environment

of the experiment and the participants’ knowledge that they are taking part in

a studymay influence their outcomes. The presence of observers, instruments,

or the research environment can have effects that would not be seen when
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people experience the intervention outside a research study. A famous exam-

ple of this threat is the Hawthorne effect, which was observed in a study to

determine the effects of changes in various environmental conditions (e.g.,

lighting and working hours) on worker productivity (Kerlinger and Lee

2000). Productivity increased regardless of the change that was implemented

because workers knew that they were being observed as part of a study.

Multiple treatment interference

Multiple treatment interference occurs when the same participants experience

multiple interventions. The effects of prior interventions tend to persist

through subsequent interventions, making it difficult to determine the extent

to which any particular intervention affected the outcomes. In this situation,

the study results can be generalized only to participants who have experienced

the same multiple interventions in the same order. For example, in crossover

clinical drug trials, participants in group 1 will receive drug A for a defined

period followed by drug B for a defined period, whereas participants in group

2 will receive drug B followed by drug A. In these studies, this threat is

minimized by including some interval (a “washout” period) between drug

treatment periods.

Validity tradeoffs and priorities

Although researchers attempt to design studies that are strong in all respects,

tradeoffs are inevitable. Random assignment and other experimental controls

may enhance internal validity but diminish external validity because those

experimental conditions differ from natural conditions. For example, taking

steps to enhance adherence to a medication regimen in a clinical drug trial

would reduce generalizability of the study findings to patients’ actual use

settings where adherence is likely to be lower. Researchers must establish

priorities among the different types of validity based on the research context

and purpose, then use research designs, measures, data collection techniques,

and statistical analyses that allow them to achieve maximum validity given

the established priorities. As a simple example, internal validity is given a

higher priority in a clinical drug trial with randomization, double blinding,

and controlled medication adherence, whereas external validity is given a

higher priority in a study evaluating the effects of an MTM program where

randomization and blinding are not possible.

Types of experimental designs

Many experimental designs are used in healthcare research; selected designs

that are commonly used or that provide good control of threats to validity

are discussed here. The notation used in the figures representing selected
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experimental designs is based on that used by Campbell and Stanley (1963) in

their classic monograph:

* R indicates random assignment of participants to intervention or control

groups
* O represents an observation or measurement taken (strictly speaking, O

refers to data collected on dependent variables; however, data on

independent variables may also be collected at these times)
* X represents the treatment or intervention
* Temporal order is indicated by moving from left to right in the diagrams,

and the vertical alignment of Os across groups indicates that these

measures are taken at the same time.

Along with descriptions of these designs, particular advantages and dis-

advantages related to the threats to internal and external validity are noted for

each design.

Randomized post-test-only control group design

The simplest randomized experimental design is the randomized post-test-

only control group design (Figure 5.1) because participants are randomly

assigned to the intervention and control groups, and data are collected only

once during the post-intervention phase. Random assignment should produce

intervention and control groups that do not differ with respect to character-

istics related to the outcome variables of interest. Campbell and Stanley

(1963) and Kerlinger and Lee (2000) note that this design generally controls

for threats to internal validity. If testing is likely to be a threat to internal

validity or to external validity through the interaction of testing and X, this

design should be considered because its lack of pre-test measures eliminates

the testing effect. However, the design does not allow for the explicit evalu-

ation of pre-to-post changes in the dependent variables (although the control

group post-test measure may serve as a proxy for the pre-test measures). This

design can be expanded to more than two groups.

Randomized pre-test–post-test control group design

The randomized pre-test–post-test control group design (Figure 5.2) builds

on the randomized post-test-only control group design by adding

Intervention group

Control group

R

R

O1XA

O2

Figure 5.1 Randomized post-test-only control group design.
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pre-intervention (baseline) measures that allow for explicit evaluation of pre-

to-post changes, and the use of certain statistical analyses that can take

advantage of available baseline data (e.g., analysis of covariance). This general

design is the most widely used experimental design in drug trials and other

clinical research. As with the randomized post-test-only control group design,

Campbell and Stanley (1963) and Kerlinger and Lee (2000) note that this

design generally controls for threats to internal validity because any existing

threats are expected to affect both groups equally. For example, the testing

effect may exist, but it should be present in both the intervention and the

control groups. Therefore, any changes in the intervention group beyond those

in the control group would be attributable to the intervention. However, the

design does not control for external validity threats including the interaction of

testing and X, which can arise because the pre-test may sensitize participants to

the intervention, producing results that would not be seen in a non-pre-tested

situation. This design also can be expanded to more than two groups.

Solomon four-group design

The Solomon four-group design (Figure 5.3) consists of four randomly

assigned groups with two intervention groups (one pre-tested) and two con-

trol groups (one pre-tested). As this design combines the randomized pre-test–

post-test control group design and the randomized post-test-only control

group design, it possesses the validity control characteristics of both. Thus,

it provides effective control for internal validity threats and the external

validity threat of the interaction of testing and X (Campbell and Stanley

1963; Kerlinger and Lee 2000). Campbell and Stanley (1963) note that inter-

nal validity is especially strong because the effect of X is shown in four

different comparisons: O2 > O1, O2 > O4, O5 > O6, and O5 > O3. If these

comparisons are congruent, the strength of inference is increased.

Intervention group

Control group

R

R

O2XA

O4

O1

O3

Figure 5.2 Randomized pre-test–post-test control group design.

Intervention group

Control group

R

R

O2XA

O4

O1

O3

Intervention group

Control group

R

R

O5XA

O6

Figure 5.3 Solomon four-group design.
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This design has two apparent weaknesses, however: (1) it is resource

intensive because it requires more participants, more measurements, and

the administration of the intervention to two groups (although they might

be combined for the intervention); and (2) statistical analyses are more com-

plicated than for the previous designs because of the unbalancedmeasures due

to the lack of pre-tests for two groups (Kerlinger and Lee 2000). Nevertheless,

this design allows for the analysis of the main effects of the intervention, pre-

testing, and the interaction of pre-testing and X. Although it can be a very

strong design, it is not often used because of its resource needs.

Factorial designs

Factorial designs are used to study the effects of at least two categorical

independent variables of interest (each with at least two levels) on an outcome

variable (Shadish et al. 2002). Figure 5.4 shows a randomized pre-test–post-

test factorial design using two intervention variables (A and B), each with two

levels (denoted by subscripts 1 and 2). This design uses four groups to inves-

tigate the effects of interventions A and B, with each group receiving a unique

combination of the levels of A and B as the intervention. For example, a study

of the effects of weight loss programs (diet and exercise [DE] vs diet, exercise,

and appetite suppressant [DEAS]) and personal trainers (present [PT-Y] vs

absent [PT-N]) on weight (O) would use four groups: (1) DE/PT-Y; (2) DE/

PT-N; (3) DEAS/PT-Y; and (4) DEAS/PT-N.

This design allows researchers to study the combination effects of weight

loss programs and personal trainers, and the interaction effect of those two

interventions. Control of internal validity threats is enhanced if this design

includes a true control group. As in the randomized pre-test–post-test control

group design, external validity threats may not be controlled.

Randomized crossover designs

In the designs described so far, each group of participants has received only

one treatment. In crossover designs, each group of participants receives mul-

tiple treatments. For example, in a crossover designwith two interventions, all

Intervention group R

R

O2XA1B1

XA1B2

XA2B1

XA2B2

O4

O1

O3

O5

O7

Intervention group R

R

O6

O8

Intervention group

Intervention group

Figure 5.4 A randomized pre-test–post-test factorial design.
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participants receive both interventions. The participants are randomly

assigned to two groups. In one group, they receive intervention A first fol-

lowed by a post-test, then intervention B followed by a post-test. In the other

group, they receive intervention B first followed by a post-test, then interven-

tion A followed by a post-test (Figure 5.5). The design may be extended to

more than two interventions and groups.

Advantages of this design include reduced confounding because each par-

ticipant serves as his or her own control, and increased statistical power so

that fewer participants are needed (Grady et al. 2001). However, the duration

of the study is increased because the interventions are administered in

sequence. In addition, the carryover effect must be considered; if the effects

of the first intervention persist into the second intervention, confounding

occurs. To avoid this, researchers introduce “washout” periods between

interventions so that the effects of the first intervention can dissipate before

the second intervention is implemented. Crossover studies are best suited

when carryover effects do not persist for long periods and when the number

of study participants is limited.

Randomized repeated measures designs

Randomized repeated measures designs usually have one pre-test measure

and several post-test measures at defined time intervals for the intervention

and control groups (Shadish et al. 2002). For example, a study to determine

the effects of a diabetes education program on medication adherence

and HbA1c levels may take a pre-implementation baseline measure fol-

lowed by 3-month, 6-month, 9-month, and 12-month post-implementation

measures (Figure 5.6). Participants randomly assigned to the intervention

group would take part in the diabetes education program whereas control

group participants would receive usual care. This design can be viewed as

adding additional post-test measures to the randomized pre-test–post-test

control group design. Therefore, it also controls threats to internal validity

Intervention group R O2XAO1

Intervention group R O5XB

O3XB

O6XAO4

Figure 5.5 A randomized crossover design.

Intervention group R O2XAO1

Control group R O7

O4O3

O9

O5

O10O8O6

Figure 5.6 A randomized repeated measures design.
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effectively and can show changes in the dependent variables over time,

which might not be seen with a single post-test measure.

With regard to external validity, the interaction of testing and X

could be a threat. In addition, results from this design may not be gener-

alizable to situations where multiple observations are not done. Attrition

may become a problem with any longitudinal design, especially with

longer observation periods; it becomes a threat to internal validity if it

occurs differently between the intervention and control groups. Statistical

analyses such as repeated measures analysis of variance can be used to

determine both between-group and within-participant differences over

time.

Other experimental design considerations

Many factors must be considered in choosing the appropriate study design

and developing research methods that are appropriate for a given study. In

addition to the internal and external validity considerations noted above,

other important factors include ethical issues and resources.

Ethical issues

Ethical considerations in any research endeavor are of prime importance,

particularly in studies involving human participants or animals. Studies

involving humans must be approved by an institutional review board (IRB)

to ensure that the potential for harm to participants (physical, psychological,

and economic) is minimized and that participants are made aware of the

nature of the research, potential risks and benefits, and their rights. The

National Institutes of Health and other organizations have their own guide-

lines and requirements regarding research involving human participants and

training in research ethics.

Resource considerations

The resources needed for a study include participants or other data sources,

facilities, supplies, equipment, personnel (expertise), time, and funding.

Resource considerations affect decisions about all aspects of a research study,

including the study design that can be used, the number of participants, the

nature of the intervention, the nature and number of observations, and

the number and type of researchers that can be involved (which determines

the available expertise). As available resources are usually limited, researchers

must use them efficiently in order to achieve study goals.
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Strengths and limitations of experimental designs

Controlled experiments are regarded as the “gold standard” for scientific

research because they can provide strong evidence regarding causal relation-

ships. Through manipulation of the intervention, random assignment to

groups, and comparisons of between-group and pre–post measures, these

designs can attain a high degree of internal validity, allowing researchers to

rule out rival hypotheses in causal relationships.

Despite this major strength, controlled experiments have several impor-

tant limitations. First, they are not appropriate for all settings and situations;

in some cases, quasi-experimental or nonexperimental designs are preferred

or more feasible, especially in health services, social science, and policy

research. Second, controlled experiments are often conducted in artificial

environments which may affect participants’ responses and produce results

that are not generalizable to natural or actual use settings. Third, consistency

of the intervention and the measurements is difficult to maintain, particularly

over long periods (Polit and Beck 2008). Fourth, Shadish et al. (2002) and Shi

(2008) note that controlled experiments are usually limited with respect to

studying only a few of the potential causal factors that affect the outcome of

interest in complex ways. Finally, although controlled trials may provide

strong evidence regarding causal relationships, they may not answer the

questions of why or how that relationship exists. For example, a clinical drug

trial may show that an antibiotic is effective against a particular organism, but

the mechanism of action may not be revealed.

Summary and conclusions

Researchers, policy makers, and other decision makers are often interested in

causal relationships. In studying causal relationships, researchers must con-

sider many factors in selecting an appropriate study design (frommany avail-

able designs), including how well the design controls for threats to internal

and external validity.

Experimental studies, controlled experiments in particular, are best for

studying causal relationships. Important characteristics of controlled experi-

ments are manipulation of the intervention, random assignment to interven-

tion and control groups, and comparisons of outcomes (between-group and

pre–post comparisons). These characteristics contribute to strong internal

validity, but controlled experiments often lack external validity. They also

are not always feasible and have several other limitations. Nevertheless,

controlled experiments are powerful tools that researchers use to explore

causal relationships between various interventions and outcomes in medical

research and other areas.
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Review questions/topics

1 What criteria must be satisfied to establish a causal relationship?

2 What are the three major design characteristics of controlled experi-

ments and how do they contribute to study validity?

3 Describe important differences of laboratory experiments, field experi-

ments, natural experiments, and simulation experiments.

4 Define the threats to internal and external validity, and describe how

each threat may affect study validity.

5 Describe the types of experimental designs and how each design con-

trols internal and external validity threats.

6 What are themajor strengths and limitations of controlled experiments?
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6
Nonexperimental research

Michael L Johnson

Chapter objectives

* To examine the role of nonexperimental research
* To discuss common nonexperimental research designs
* To present approaches to control confounding
* To identify strengths and weaknesses of nonexperimental designs

Introduction

In Chapter 5, experimental designs were presented involving manipulation

and control of the experimental conditions by the investigator and random

allocation of the study participants to the experimental conditions. In non-

experimental, or observational, studies, the investigator does not have control

over these features of the study. The study conditions themselves may or

may not be chosen by the investigator, but the allocation of participants to

experimental conditions or treatment groups is not implemented by the inves-

tigator. For example, an investigator may wish to study the effect of antihy-

pertensive agents on the risk of cardiovascular disease. The investigator

conducts a literature review and determines that the most important out-

comes to study are stroke, myocardial infarction, and death. In a sense, the

investigator has little choice over the conditions to study: they are just “there”

as the disease conditions that have been discovered to be the most important

by scientists and clinicians. It would make no sense for the investigator to

choose some other condition, such as the effect of antihypertensive agents on

IQ. The investigator may also have little choice over the hospitals or clinics

from which to select patients to study. When the investigator enrolls study

participants, it is found that they are already taking, or not taking, an array of

possible antihypertensive agents. The investigator does not assign patients to

an angiotensin-converting enzyme (ACE) inhibitor or a diuretic or other

treatment. The patients are observed to be taking whatever treatments they

are prescribed by their physicians. If the investigator wanted to assign patients
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to take certain antihypertensive agents, perhaps this could be done, but then

this would become an experimental study.

The lack of control over the allocation of the study participants to treat-

ment conditions is a serious challenge to investigators conducting nonexper-

imental research. In a very real sense, control is the issue! Why would an

investigator choose to give up this control? There are many instances when

experimental or randomized intervention studies are simply impractical or

indeed unethical in the study of human disease epidemiology. This chapter

discusses the role of nonexperimental research in pharmaceutical practice and

policy sciences, and examines study designs appropriate to nonexperimental

research, with a focus on approaches to mitigate confounding and bias.

Strengths and limitations of nonexperimental research designs are discussed

to place these studies in proper context.

Role of nonexperimental research

Health insurers, physicians, and patients worldwide need information on

the effectiveness and safety of prescription drugs in routine care.

Nonexperimental studies may be able to address some of the limitations of

experimental studies, and complement or otherwise add to existing knowl-

edge of drug safety and effectiveness in ways that controlled trials cannot.

Suppose that an investigator wishes to study the risk of liver cancer in

patients taking statins. Liver cancer is a very rare disease, and would require

enrollment of a very large number of patients, requiring years of follow-up,

before enough patients would develop the outcome for a valid study (El-Serag

et al. 2009). An experimental study would require that some patients be given

statins and others not be given statins. In patients with hyperlipidemia, it may

be unethical to randomize patients not to receive lipid-lowering therapy. In

patients without hyperlipidemia, it might be unethical to enroll patients to

receive statins. How would this clinical question be studied?

Currently, there is reluctance bymany health policy decisionmakers to use

observational data – especially data from retrospective analysis of large data-

sets – to inform their deliberations.Many decisionmakers are uncertain about

the validity of results derived from observational studies, primarily due to

concerns about confounding and selection bias.

Although randomized clinical trials (RCTs) are the gold standard to deter-

mine a drug’s efficacy against placebo, it is well recognized that results of such

studies may not accurately reflect the effectiveness of therapies delivered in

typical practice to patients who are more representative of larger populations

(Concato et al. 2000; Concato 2004; Avorn 2007). Observational studies can

be designed and conducted with rigorous techniques that improve internal

validity, with advantages that address limitations of RCTs. To make these
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studies valid and useful to policy makers, investigators must pay special

attention to confounding and bias.

Epidemiologic framework

Oneway to place nonexperimental research into perspective is to consider the

epidemiologic framework of studies of disease in humans. Epidemiology is the

branch of science that investigates the causes and control of epidemics in

populations. Epidemiology derives from the Greek epi which refers to

“around” or “among” and demios meaning “the people.” The science orig-

inally dealt with infectious diseases, diseases that “go around or among the

people,” but now includes chronic disease. The epidemiologic framework

then considers the causes of disease in terms of exposure to infectious or

environmental agents, or other risk factors for the disease. The framework

can be expanded to include anything that can be considered as an “exposure,”

such as treatment with a certain drug, as well as any kind of “outcome” such

as morbidity or mortality. Other terms for exposure could be risk factor,

patient factor, independent variable, or anything that is defined by an inves-

tigator as a factor that may lead to a disease or outcome of interest. Other

terms for outcome could be case, event, dependent variable, or anything that

is defined by an investigator as an outcome. The epidemiologic framework

(Figure 6.1) is a flexible and powerful way to conceptualize research into

causes and effects of a wide range of constructs in people.

Studying the treatment–outcome relationship

In RCTs, identifying and measuring exposure is done with a great deal of

accuracy and precision. For example, in clinical trial evaluation of drug

treatment, it is known not only who has received the active drug, but also

the degree of exposure – dose, duration, and compliance with therapy.

Treatment

Patient factor

Risk factor

Independent variable

Outcome

Case

Event

Dependent variable

Exposure Disease

Figure 6.1 The epidemiologic framework of the relationship of exposure and disease can be

expanded to include other concepts such as treatment and outcome, risk factors, and events.
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Similarly, outcomes, or measures of effectiveness, are measured with a great

deal of accuracy and precision. Various devices and laboratory tests are used

to measure and record both surrogate (blood pressure, cholesterol levels,

tumor staging) and final endpoints (e.g. myocardial infarction, stroke, and

even death). This same level of precision is often not universally available in

observational studies.

Types of nonexperimental research

Several key study designs used in observational research are outlined below.

Good reviews of observational study designs are available (see Lu 2009).

Guidelines have also recently been proposed on the reporting of observational

studies, specifically as it relates to cross-sectional, cohort, and case–control

studies (von Elm et al. 2008), as well as issues surrounding the design and

analysis of these studies for comparative effectiveness (Berger et al. 2009;

Cox et al. 2009; Johnson et al. 2009).

Epidemiologic designs

Cohort designs

In a cohort study, groups of patients (i.e., cohorts) exposed, or not exposed, to

drug therapies are followed over time to compare rates of one or more out-

comes of interest between the study cohorts. Patients are enrolled at a baseline

starting point, and their exposure to the risk factor of interest is measured.

They are then followed forward in time to determine the outcome of interest.

These types of studies are called prospective cohort studies. Temporal rela-

tionships between exposure and outcome can be well characterized in a

cohort study and both relative and absolute risks can be reported directly

with the use of this design. Consequently, this design may be of particular

interest for research questions requiring absolute risk estimates and where the

temporal nature of associations is important to characterize. The design is

suitable for various types of exposure even if the exposures are rare, and can

be conducted retrospectively, by analyzing existing exposure–disease infor-

mation collected at some point in the past.

Case–control designs

Case–control designs involve the identification of individuals who experience

an outcome of interest (i.e., cases) and those who do not (i.e., controls).

Patients are then examined backward in time to determine their exposure

status to a risk factor of interest. Exposure to a drug of interest in a period

before the designation of case or control status is then compared between

cases and controls. This design has historically been usedwhen the outcome of

interest is rare, maximizing the capture of such precious outcomes. Analysis of
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case–control designs typically provides estimates of relative risk but does not

directly provide absolute risk estimates.

It is important to remember that the exposure–disease relationship is of

primary interest. Cohort studies allow the investigator to study this relation-

ship in a temporally forward motion, from exposure to disease, in a way that

makes sense epidemiologically: the exposure occurs first, and then causes

associated with subsequent disease. The case–control study is a clever way

to examine the same relationship, just in reverse. The outcome or disease is

identified first, and then medical records or exposure history is examined to

determine if exposed individuals weremore or less likely to have the disease. It

is just a different way to look at the same scientific question (exposure !
disease relationship).

Nested case–control

In the nested case–control study design, a case–control study is conducted

within the sample obtained from a cohort study. This study design is a hybrid

of both the cohort and the case–control studies. In the study by El-Serag and

colleagues (2009), the investigators wished to study whether the use of statin

drugs affected the risk of developing liver cancer. The investigators chose to

study this relationship within a cohort of patients identified with diabetes.

After first excluding any prevalent or pre-existing cases of liver cancer, all

new incident cases of liver cancer were identified. Once these cases were

identified, a sample of patients without liver cancer was obtained, and

matched on several factors. The medical history was examined for exposure

to use of statins, to compare rates of statin use among those with and those

without the liver cancer. It was found that patients who had liver cancer

were less likely to be using statins. The investigators then infer a possible

protective effect of statin use on liver cancer in patients with diabetes.

Themain feature of a nested case–control study that distinguishes it from a

case–control study is the well-defined nature of the study sample. This study

design maintains all the advantages and disadvantages of both the cohort and

the case–control study. Theremust still be adequate sample size and follow-up

time for the cohort to develop the outcome if it is rare, but rare outcomes can

then be studied as in case–control studies, and with the added benefit of a

much clearer definition of the population being studied.

Case–crossover designs

A primary challenge of cohort and case–control studies is the selection of

comparable comparison groups. In case–crossover studies only those indivi-

duals who experience the outcome of interest (i.e., cases) and were exposed to

a treatment of interest within a certain time before the outcome date are

included. Individuals serve as their own controls. Exposure to the treatment

of interest in the period immediately before the outcome is compared with
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exposure prevalence in a more distant period to the event of interest in the

same individual. Exposure prevalences are then compared between more

recent and distant exposure windows to arrive at a risk ratio. Case–crossover

designs are ideally suited for transient exposures that result in acute events but

require sufficient numbers of patientswho both have an event and are exposed

to the drug of interest in either the recent or more distant exposure windows.

This design may be particularly attractive for research questions involving the

comparison of groups that are extremely different in their clinical profiles

(i.e., where major selection bias may exist) and involve transient exposures

and immediate outcomes.

Case–time–control designs

A limitation of case–crossover designs is temporal confounding, where the

prevalence of treatment exposure is higher when closer to the event date than

farther from the event date simply because of naturally increasing treatment

uptake over time, rather than a truly causal relationship. To circumvent this

issue, case–time–control studies create a control group of individuals who do

not experience the event of interest and analyze the group in a manner similar

to the cases to estimate the “natural” increase in treatment exposure preva-

lence over time – the exposure prevalence in the exposure window closer to

the event date is compared with the exposure prevalence in the exposure

window in a more distant period to arrive at a risk ratio among controls.

The “case” risk ratio is then divided by the “control” risk ratio to arrive at an

overall risk ratio. This design also requires sufficient numbers of patients who

have both an event and exposure to the treatment of interest in either of the

predefined exposure windows. Issues of selection bias in comparing cases

with controls may still be problematic (Greenland 1996).

Other designs

Cross-sectional designs

The cross-sectional study examines a “snapshot” of data and either des-

cribes the data available in that snapshot or attempts to make correlations

between variables available in the dataset. Although this study design can

provide some valuable information, it is limited by its inability to char-

acterize temporality – it is often uncertain whether the exposure preceded

the outcome of interest or vice versa. In research questions where temporality

of exposure and outcome is important, alternate designs should be selected.

Ecological designs

Studies that examine the association of factors at group or aggregate levels are

ecological or correlational studies. Measures of exposure and outcome are

made and examined at the group level. For example, the rates of ACE
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inhibitor use for all the patients at hospitals in a certain county could be

measured, and the rates of heart attack in those patients examined. It may

be that, as the rates of ACE inhibitor use increase across hospitals, so do the

rates of heart attack (positive correlation). A major drawback of ecological

studies is to infer individual effects from the group associations, called the

ecological fallacy. To illustrate, suppose that, in the hospital with the lowest

rate of both ACE inhibitors and heart attack, the patients who took the ACE

inhibitors had fewer attacks than the patients who did not (negative correla-

tion). Suppose that this pattern were true across all hospitals. It would be

wrong to infer the relationship of ACE inhibitors and heart attacks in indi-

vidual patients from the group study. It is therefore of the utmost importance

in ecological studies to be cautious inmaking inferences at the individual level

from data collected at the aggregate level.

Pre- and post-designs

Pre–post study designs are weak designs but are commonly used. They occur

when a group is measured before some intervention and then after the inter-

vention, and the resulting difference in outcome is measured and attributed to

the effect of the intervention. Such designs are fraught with threats to validity.

Many other factors may have contributed to any changes in the outcome

variable, such as other interventions that have may have occurred simulta-

neously. These studies are also very susceptible to a pernicious statistical

problem known as regression to the mean which can plague even the most

experienced investigator. Observations at one point, say pre-intervention,

tend to approach the mean for a given measure on subsequent observations.

In a one-group pre–post experiment, it is entirely likely that, if a group has

relatively high cholesterol before an intervention, that group may be expected

to have lower cholesterol readings in subsequent measures, due to any kind of

reason, such as diet or exercise, which might lower cholesterol, or natural

variation in a person’s cholesterol readings.

To improve interpretations of results from pre–post studies, it is wise to

include a control group that was not exposed to the treatment or intervention,

and takemeasures both before and after on this group aswell. The variation in

the differences between the groups can then be examined to determine if there

is any “real” effect of the intervention, because the control group would also

have all the effects of other possible factors, including regression to the mean.

This study design cannot, however, control for unknown factors that might

result in differences in trends occurring before the intervention between the

study and control groups.

Interrupted time series designs

Interrupted time series analysis involves cross-sections of data over time

both before and after an event of interest. Actual trends in exposures or
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outcomes after an event of interest are then compared with the expected

trends based on patterns of historical data before the event of interest. For

example, in assessing the impact of a drug policy on drug utilization, historical

trends would be used to establish an expected drug utilization rate in the

absence of the policy change (Mamdani et al. 2007). This expected drug

utilization rate would then be compared with observed rates occurring after

implementation of the drug policy using advanced statistical approaches. The

benefit of conducting a time series analysis is the minimization of the prob-

lematic selection bias. Challenges, however, include issues related to temporal

confounding (i.e., other events that may have occurred simultaneously at the

time of intervention) and the need to be studying policies with relatively large

effects on the outcomes. This design may be particularly relevant for research

questions aimed at assessing the impact of policy decisions on drug utilization

and immediate outcomes.

Bias and confounding in nonexperimental studies

Bias is any systematic deviation or error inmeasurement. Confounding is a type

of bias where the exposure–disease relationship is distorted by a third factor.

Bias

Perhaps the most important problem in nonexperimental studies is selection

bias. Selection bias occurs when there is any differential classification of

participants with respect to treatment or outcome. If patients are selected

into the study differently, based on how they are treated, this leads to bias, and

indeed is often the case in observational drug treatment studies. If the deter-

mination of outcome is measured differently in patients with the outcome

than in patients without the outcome, this leads to bias. Bias can therefore lead

to erroneous conclusions about the treatment–outcome relationship. For

example, it may be that a patient is determined not to be taking the drug

being studied, when in fact the patient is taking that drug. Or, in terms of

outcomes, the patient could be classified as having angina when in fact the

patient really had anxiety.

A common type of selection bias has been called prevalence bias. Patients

included in cohort studies for a given disease condition have varying lengths of

time at risk for the disease, and varying lengths of duration of time with the

disease. Patients are then treated for the disease, and may have varying lengths

of time since starting the treatment. If an investigator begins to study patients at

a certain point in time, andwants to follow themandmeasure the occurrence of

an outcome, the investigator must be aware that some patients may have

already taken a certain drug for a long period of time, may have already taken

that drug and then stopped taking it, or some patients may initiate use of the
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drug for the first time during the course of follow-up. Suppose an investigator

wishes to examine whether patients treated in a managed care population are

attaining target goals for cholesterol and blood pressure (Johnson et al. 2006).

If patients who have been taking lipid-lowering agents and antihypertensive

agents for a long time are included with patients who are newly prescribed

these drugs, results could be biased. Depending on the research questions being

investigated, a common way to control for prevalence bias is to include new

users of drugs, after first excluding prevalent users (Ray 2003).

Measurement of drug exposure in observational research is susceptible to

a special kind of bias called classification bias – identifying participants as

being exposed to a drug when they are not exposed, or not exposed when they

are. Classification bias is further categorized as differential or nondifferential

and unidirectional or bidirectional. Nondifferential misclassification occurs

when the likelihood of misclassification is the same across the exposed or

outcome groups. For example, classification bias of exposure for a low-cost

medication using prescription claims data would be equally likely regardless

of outcome. However, differential misclassification is present when the like-

lihood of misclassification is different between exposed and outcome groups.

An example of differential misclassification for drug exposure is when those

who are exposed have a lower likelihood of outcome misclassification

because to receive medication they have to enter the healthcare system, which

increases their likelihood of recording a diagnosis. Those not exposed are

much more likely to be misclassified as not having the disease, which is an

artifact of not entering the healthcare system.

Confounding

Confounding is classically defined as a bias that distorts the exposure–disease

or exposure–outcome relationship (Miettinen 1974). Frequently used defini-

tions of confounding and standard textbook methods to control for con-

founding state that a confounder is an independent (causal) risk factor for

the outcome of interest that is also associated with the exposure of interest

in the population, but is not an intermediate step in the causal pathway

between the exposure and the outcome (Grayson 1987; Weinberg 1993).

Confounding by indication for treatment

A common and pernicious problem endemic to pharmacoepidemiologic stud-

ies is confounding by indication for treatment. For example, when the choice

of therapy is affected by the severity of illness, and physicians prescribe one

therapy over another depending on the severity and the perceived effective-

ness of one drug, compared with another, for patients with differing severity

levels, then confounding by indication for treatment occurs (assuming that the

severity of disease is also a risk factor for the outcome of interest). In this case,
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apparent treatment effects are confounded, i.e., they are not causal but they

may actually be caused by the severity of illness that led to patients being

prescribed a given treatment.

Measured vs unmeasured confounding

Confounders may be measured or unmeasured. Secondary databases of a

variety of sources may contain a wide and rich variety of information that

can be used tomeasure an array of potentially confounding factors. However,

even the most detailed and complete data sources may fail to include infor-

mation on potential confounding factors, and these remain unmeasured and

hence uncontrolled in a given study, leading to residual confounding.

Methods to address both measured and unmeasured (residual) confounding

factors have been developed to address these concerns (Johnson et al. 2009).

Time-dependent confounding

The more complicated (but probably not less common) case of time-

dependent confounding refers to variables that simultaneously act as

confounders and intermediate steps, i.e., confounders and risk factors of

interest mutually affect each other (Figure 6.2). Confounding by indication

may take the form of time-dependent confounding. An example is the

C1

E

E

D

(a)

(b)

D

C

C2

Figure 6.2 Simple diagram showing (a) point- or time-independent confounding and

(b) time-changing or time-dependent confounding. E, exposure or treatment of interest;

C, confounder; D, disease (or any other outcome). In (a) confounding occurs at a point in time (similar

to a point estimate of a parameter); in (b) the time-independent confounder can change (now

time-dependent) and is measured at two points in time, C1 and C2. (Adapted from Cox et al. 2009.)
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effect of aspirin use (treatment) on risk of myocardial infarction (MI) and

cardiac death (outcome). Prior MI is a confounder for the effect of aspirin

use on risk of cardiac death, because prior MI is a cause of subsequent

aspirin use, and also a causal risk factor for subsequent cardiac death.

However, prior aspirin use also causally prevents prior MI. Therefore,

prior MI simultaneously acts as a confounder (causing aspirin use) and

an intermediate step (being affected by aspirin use), and hence is a time-

dependent confounder affected by previous treatment.

Another example of time-dependent confounding by treatment is antiviral

treatment of HIV infection, where treatment or dose may depend on the CD4

count, and this dependency may continue over the course of the disease

(Hernan et al. 2000).

Approaches to mitigate confounding and bias in design

The main tools to address confounding and bias in the design stage are

restriction of study patients into the sample, and extremely careful attention

to data collection. Bias generally creeps into studies during the conduct of the

study, by either misclassification of study participants or differential selection

of study participants. Bias also occurs with differential measurement of vari-

ables, most commonly in terms of missing data. It is very difficult to adjust for

bias in the analysis stage of studies, so it is extremely important to address it as

early as possible in the design stages.

Perhaps the most common standard technique to address selection bias,

which also addresses some of the confounding factors, is restriction of study

participants into the sample by inclusion and exclusion criteria. Rather than

just study “everyone,” investigators even in observational studies must make

a range of decisions on whom to include and whom to exclude. Restricting

study cohorts to patients who are homogeneous with regard to their indica-

tion for the study drug will lead to more balance of patient predictors of the

study outcome among exposure groups and thus will reduce confounding.

This will not, however, necessarily eliminate confounding, particularly when

variables that influence prescribing decisions are not available in the data.

Restricting study cohorts can also increase the likelihood that all included

participants will have a similar response to therapy and therefore reduce the

likelihood of effect modification, or interaction. RCTs commonly restrict

their study population to patients with a presumed indication for the study

drug. In observational studies, particularly of elderly people with possibly

multiple chronic conditions, drugs may be indicated for more than one

condition. Schneeweiss (2007) provides a very readable discussion of bias

and confounding in nonrandomized studies of effectiveness and safety of

medical interventions.
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Analytic methods to adjust for confounding factors

Common methods to adjust for confounding factors in the analysis stage

include stratification, matching, and regression techniques.

Stratification

Stratified analysis is a fundamental method in observational research that

involves placing data into subcategories, called strata, so that each subcate-

gory can be observed separately. Its many uses in observational studies

include standardization, control of confounding, subgroup analysis in the

presence of effect–measure modification, and addressing selection bias of

the type that occurs in matched case–control studies.

Stratification is an intuitive and hands-on method of analysis, results are

readily presented and explained, and it does not require restrictive assumptions.

As stratified analysis can be applied “hands on,” often in a simple spreadsheet

program, it allows investigators to get closer to their data than they otherwise

could by using more complex methods such as multivariable regression. Its

disadvantages include a potential for sparsely populated strata, which reduce

precision, and cause a loss of information when continuous variables are split

into arbitrarily chosen categories and a tendency to become arduous when the

number of strata is large. For more information, see a practical and compre-

hensive discussion of stratified analysis by Rothman et al. (2008).

Matching

Matching is a form of blocking on factors that are expected to be associated

with outcome, but are not the factors to be directly examined in the given

study. For example, in a study of cardiovascular disease and risk of 1-year

mortality, it may be advisable to control or adjust for the age difference of

patients in the study. One way to do this would be to match patients receiving

a certain treatment with those who are not, based on their age. For every

patient receiving a treatment, another patient of the same age who is not

receiving the treatment is selected, thus reducing possible confounding effects

of age. Other factors commonly matched in observational studies are ethnic-

ity, sex, and time of exposure. Two important considerations in matched

study designs are that an appropriate matched analysis should be conducted

and that the effects of these factors cannot then be estimated because they

have been equalized as a result of the matching.

Regression

Regression is a powerful analytical technique that can accomplish several

goals at once. When more than a few strata are formed for stratified analysis,
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or when more than a few potential confounding factors need to be adjusted,

multiple regressions can be used to determine the unique association between

the treatment and the outcome, after simultaneously adjusting for the effects

of all the other independent factors included in the regression equation. In a

multiple regression equation, the effect of a treatment variable has been

independently estimated after estimating the effects of all the other variables

in the regression. Another very important use of regression is to use the

regression equation to predict study outcomes in other patients. This is the

primary use of multiple logistic regression when used for propensity scoring.

For example, an investigator may formulate a regression model that predicts

the occurrence of heart attacks in patients with high blood pressure, and

estimates the effect of an antihypertensive agent. The investigator may then

want to apply this predictive model to a different population in order to

estimate how many patients treated or not treated with that drug may be

expected to have heart attacks, based on the predictive model. The predictive

model may also be used to examine determinants of being or not being treated

with the drug.

A look at advanced techniques

Propensity score analysis

The propensity score is an increasingly popular technique to address issues of

selection bias and confounding by indication, commonly encountered in

observational studies estimating treatment effects. The propensity score is

defined as the conditional probability of being treated given an individual’s

covariates (Rosenbaum and Rubin 1983; D’Agostino 1998). The main idea

of propensity scoring is quite intuitive. In an RCT, patients are randomly

assigned to a treatment group or a comparison group. All the potential con-

founding factors that could affect the treatment–outcome relationship have

been balanced by the randomization between the two groups, so that any

differences in outcome are the result of the treatment. In observational stud-

ies, the treatment groups are not randomly assigned, and there are a large

number of factors that may be associated with whether or not a patient

receives a certain treatment. Suppose that the investigator measures all these

factors, and conducts a logistic regression model to predict whether or not the

patient receives the treatment, using all these factors as predictor variables.

The resulting predicted probabilities of receiving treatment are obtained from

the regressionmodel. The theory behind propensity scoring confirms that, for

two patients with the same predicted probability of receiving the treatment, of

whom one actually received the treatment and one did not, the two patients

are essentially the same as two patients who were or were not randomized to

receive treatment. Patients who were or were not treated, and are then
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matched on their propensity scores, thus form pseudo-randomized groups of

patients who can then be studied for differences in treatment effects on

outcomes.

Instrumental variables analysis

Another approach to try to adjust for confounding factors is the instrument

variable approach which is very common in econometric literature. It is

impossible to measure all the reasons that doctors prescribe certain medica-

tions, but a physician’s prescribing preference is known to be an important

determinant of differential treatment selection. If the prescribing preferences

cannot be measured, they cannot be controlled, and the results of treatment

effects in an observational study would be biased. Briefly, an instrumental

variable is sought that is associated with the confounding factors but not

with the outcome. If this variable can be found and included in a regression

model, the effects of the confounding factors can be adjusted for even if they

are not directly measured. An example is a study by Brookhart et al. (2006)

in which the investigators measured the most recent prescription by a phy-

sician as a measure of his or her prescribing preference. The prescription

given to a previous patient could not possibly affect the outcome of a

subsequent patient, but may be a strong indicator of the same physician

preferences which may have led to the drug chosen being prescribed to the

subsequent patient.

Strengths and limitations of nonexperimental studies

There are many strengths in nonexperimental study designs, as well as many

limitations. Primary strengths compared with those of experimental studies

include increased external validity, understanding real-world effectiveness of

drug treatments, the ability to capture long-term exposures, and detection of

unintended risks and benefits, as well as hypothesis generation which may be

tested later in experimental studies.

Although experimental studies have strong internal validity, they have

weaker external validity compared with observational studies. A study of

all the patients with diabetes in a managed care plan that serves a spectrum

of millions of patients across the entire USA has broad applicability to

millions of people. A closely related advantage is the estimate of treatment

effectiveness in so-called “real-world” settings. It is extremely difficult

for RCTs to examine treatment effects in everyday use. Patients enrolled

in well-designed controlled trials are followed, observed, and measured in

ways that are often quite different from patients treated in normal care

settings. Effects estimated in observational studies, therefore, even if not as

precisely measured as in experiments, at least reflect the treatment effects
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that people, doctors, and patients in real life will likely encounter. Longer-

term exposures can be examined, which may lead to insights with regard to

drug safety that cannot be determined from short-term trials. Observational

studies also confer the ability to study treatment effects that have perhaps

not been expected. For example, it was a series of epidemiologic observa-

tional studies showing increased risk of rofecoxib on MI and stroke that

eventually led to its recall by the US Food and Drug Administration. Finally,

observational studies may elicit findings that are unusual or interesting and

can lead to future studies to confirm or deny new treatment effects. Such

hypothesis-generating studies are an additional benefit from exploratory

observational research.

Limitations of nonexperimental studies revolve primarily around weaker

internal validity and interpretation of causal effects. The primary strength of

experimental studies is their very strong internal validity by design. The

beauty of randomization confers an extremely powerful ability to draw causal

inference of treatment effects from differences in outcomes. As discussed,

nonexperimental studies do not inherently have this feature. Observational

studies therefore must take on an array of problems in the design and analysis

to improve causal inference and increase internal validity. Scientists do not

agree whether such studies are in fact as reliable as experimental studies.

Finally, where observational studies may have increased external validity,

they may also have too heterogeneous a population to be able to make clear

recommendations to specific groups.

Summary and conclusions

Nonexperimental, or observational, studies offer an alternative to experimen-

tal study designs that can complement and in some cases address limitations of

experimental research. There is a role for observational research in pharma-

ceutical policy and practice, especially in today’s environment where there is

often a lack of fundamental evidence upon which to base not only treatment,

but also reimbursement, or other policy decisions. Undoubtedly, there is a

range of challenges in conducting such studies, so that findings from these

studies are meaningful and useful to patients, physicians, pharmacists, and

policy makers, as well as other researchers. However, many of these chal-

lenges are extremely well understood by researchers in the field, and are

readily addressed by basic study design and analysis techniques. Other chal-

lenges remain more daunting, but researchers continue to explore approaches

and improve upon methods. The promise, and pitfalls, of observational

research in pharmaceutical practice and policy arena are only now beginning

to be established. Without question, nonexperimental designs in pharmaceu-

tical practice and policy research are only expected to grow in the coming

decades.
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Review questions/topics

1 What is the primary difference between a nonexperimental study

design and an experimental study design? Why would investigators

choose such an approach?

2 Name the major epidemiologic study designs, and briefly describe the

main design features for each.

3 What are two main challenges or problems that are inherent in obser-

vational studies?

4 Give an example of selection bias in a cohort and a case–control study,

and explain how these could affect the results.

5 What is the classic epidemiologic definition of confounding? Give an

example.

6 What are a few of the most common approaches to adjusting for

confounding in the design and analysis stages?

7 Name three strengths and three weaknesses of nonexperimental stud-

ies. Do you think that they are as good as experimental studies?Why or

why not?
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7
Sampling methods

Rajender R Aparasu

Chapter objectives

* To explain the sampling terminology
* To describe the steps in a sampling plan
* To discuss the determinants of sample size
* To estimate sample size for a specific objective

Introduction

Pharmaceutical practice and policy research is often based on a sample rather

than the population. Sampling involves selection of a small number of obser-

vation units from the population. The population includes all available obser-

vation units of interest. Sampling is a scientific process of selecting a subset of

observable units to address a research question. Sampling methodology has

practical and scientific value in conducting research. The sampling process can

be instrumental in developing detailed plans for the research. It also helps in

planning for resources needed to implement a research study. It provides a cost-

effective way to conduct the study without the need to collect the data from all

observable units in the population. An appropriately selected sample will

provide findings that have internal and external validity. Several factors influ-

ence the sampling plan such as research question, research design, data collec-

tion methods, and data analysis. This chapter explains the sampling

terminology that is important in implementing a sampling plan. It also dis-

cusses the key steps in designing a sampling plan, including target population

definition, sampling approaches, and determinants of sample size. It also pro-

vides basic formulas for calculating sample size for a desired research objective.

Sampling terminology

Several sampling terms are relevant in designing a sampling plan; an under-

standing of these terms is critical in implementing a sampling plan (Kish 1965;

Cochran 1977; Thompson 2002). In sampling, an observation unit is an
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individual unit from which information is collected. The decision to obtain

information from a sample rather than the population is based on several

factors, including size of the population, cost of data collection, and error

rate. It is possible to observe all units in the population if the population size

is small and all observation units are accessible. The cost of data collection

also plays a major role. Costs include personnel, time, and resources, and

often preclude researchers’ collection of data from all observation units in

the population. The sampling error rate refers to variability in the mea-

sures derived from the sample rather than the population. The error rate

decreases as the sample size approaches that of the population. Therefore

the measures based on population have zero error rates. Pharmacy prac-

tice and policy research is often based on a sample because the data

from the sample are generalizable to the population, within the margin of

error, at a fraction of the cost.

The goal of research is to obtain a summary measure of interest based on

the sample, also referred to as a statistic. Summary measures include mean,

median, and mode for the measure of interest, such as prescription volume

and price. A summary measure based on all observation units in the popu-

lation is called a parameter. A well-designed sample will provide a statistic

that is consistent with the parameter within the margin of error. A sampl-

ing plan is developed before data collection and includes details of target

population definition, sampling design, and sample size. Target population

includes all accessible units of observation, such as all pharmacies in the

state. Sampling design is the process of selection of observation units from

the population. The goal of a sampling design is to obtain a representative

sample from the target population. A good sampling design provides gener-

alizability of the findings based on a sample. A representative sample means

that the sample characteristics reflect population characteristics. Sample

size is the number of observation units needed for a sample. Sample size

calculations estimate the minimum sample needed to achieve the research

objective.

Sampling plan

Sampling plan decisions are based on the research objective and practical

considerations. In pharmacy practice and policy research, the research

objectives are either descriptive or causal in nature. The research objective

determines the target population, sampling design, and sample size. For

example, a research study designed to examine dispensing patterns in retail

pharmacies within a state should be familiar with the target population,

sampling design, and sample size. Practical considerations, such as person-

nel, costs, and resources, influence the sampling plan. Most research is

based on limited resources and budgets. The sampling plan should be
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developed consistent with the objective within the constraints of personnel,

costs, and resources.

Target population

The universe or target population defines the population of interest and

identifies observation units in the population. It refers to the theoretical

population of interest. It includes all observation units irrespective of acces-

sibility of units for data collection. Accessible population includes accessible

observation units from which a sample is derived. Universe and accessible

populations can be the same for some research depending on the accessibil-

ity. Research objective and practical considerations are the major determi-

nants of the target and accessible populations. The research objective defines

the target population, and practical and cost considerations influence the

definition of the accessible population. In research involving pharmacies,

target and accessible populations can include all registered retail pharmacies

in the state. The unit of observation is the retail pharmacy. The sampling

unit is the unit selected for sampling that may or may not be the observation

unit.

Studies involving multistage sampling comprise multiple stages of selec-

tion of sampling units (Lee et al. 1989; Thompson 2002). Sampling units can

be geographic areas, states, metropolitan areas, households, or individuals.

The first stage of selection in multistage sampling is usually the largest sam-

pling unit, also known as the primary sampling unit, and the last stage is

usually the observation unit (Lee et al. 1989; Thompson 2002). The primary

sampling units in large national surveys are counties, a few adjacent counties,

towns or townships, or metropolitan areas. In the second stage, samples from

households can be selected and individuals fromwithin the households can be

selected for the final stage. Multistage sampling is often used for operational

efficiency. Selection of a representative sample necessitates the listing of all

observation units in the population. Multistage sampling provides a process

to ensure the representative nature when the listing of observation units is not

available. It requires the listing of sampling units for the selection of the

primary sampling unit and subsequent sampling units. In multistage sam-

pling, the unit of analysis can be a household or person. The unit of analysis

is usually the observation unit.

Sampling design

Sampling design, as mentioned earlier, is the process of selecting sampling

units from the population and can be classified as a probability or a nonprob-

ability sample (Kish 1965; Cochran 1977; Thompson 2002). Characteristics

of a probability sample include objectivity and random selection. Objectivity
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precludes biased selection of samples or observation units. Bias in sampling

occurs when selection of the sampling unit is based on subjectivity. Prob-

ability sampling involves random selection of sampling or observation units

and, conversely, nonprobability sampling is characterized by nonrandom

selection, convenience, and subjectivity. Nonrandom selection may create

an unrepresentative sample and, consequently, findings are less generalizable

to the population. Subjectivity, in nonprobability sampling, places the burden

of selecting the sample on the researcher. It is, however, convenient and easy

to implement. Understanding of the characteristics of the population is vital in

selecting an appropriate nonprobability sample.

Research objectives and practical considerations influence sampling plan

decisions. Probability sampling allows the researcher to make inferences

about the population. The random sampling process is often used for research

objectives that require external validity or generalization. These studies

extrapolate the findings based on the sample to the population. It is often

used in studies involving national surveys; however, probability sampling is

cumbersome and costly. There are four types of probability sampling: simple

random sampling, systematic sampling, stratified sampling, and cluster sam-

pling (Kish 1965; Cochran 1977; Thompson 2002). Nonprobability sampling

is convenient and easy to implement because there are limited restrictions in

terms of selection. There are four types of nonprobability samples: conve-

nience sampling, judgment sampling, quota sampling, and snowball sampling

(Kish 1965; Cochran 1977; Thompson 2002). Nonprobability sampling is

often used with research objectives that are focused on internal validity such

as experimental studies.

Probability sampling

Simple random sampling or random sampling is the simplest and most com-

mon method of probability sampling. The two key features of simple random

sampling are that (1) each unit has a known and equal chance of being selected

and (2) each sample has an equal chance of being selected. For example, if

there are 1000 pharmacies in a state and 100 pharmacies are selected, each

pharmacy has a 1 in 10 chance of being selected, and each sample of 1000

pharmacies has a 1 in 10 chance of being selected. In the simple random

sampling method, a complete listing of observation units in the population

is needed to select a sample. For example, the 1000 pharmacies in the region

may be listed alphabetically. Through the use of a table of random numbers,

computer-generated numbers, or by physically selecting 100 pharmacies (e.g.,

from a hat containing the names of all 1000 pharmacies, after thoroughly

mixing them), random sampling can be implemented with replacement and

without replacement. In random sampling with replacement, the selected unit

is replaced or returned to the population before the subsequent selection.

However, the selected unit is not replaced in random sampling without
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replacement. The sample size and practical considerations dictate whether

with or without replacement is needed.

Systematic sampling entails selection of every kth unit from the complete

list of observation units in the population to produce a random sample. The

selection of the kth unit is based on the number of observation units and

sample size needed; k is the quotient or the sampling interval. Using the

previous example, if a sample size of 100 is needed from the population of

1000, every tenth pharmacy can be selected; the quotient k is usually obtained

by dividing the population by the sample size. The first sampling unit can

be selected randomly by choosing a number between 1 and k (10 in this case),

e.g., 3. Subsequent selections would then be made of every 10 pharmacies

thereafter (13, 23, 33, etc.) until 100 pharmacies have been selected. The type

of listing plays an important role in systematic sampling because there is a

certain repetitiveness in the selection. If there is any pattern in listing the

pharmacies, it would be reflected in the selection. For example, if the listing

is by zip (or post) code and not alphabetical, systematic sampling would

reflect the distribution of zip codes. If the listing is alphabetical, the sample

will be similar to that of simple random sampling. Systematic sampling is

simpler and easier to implement than simple random sampling.

Stratified sampling involves random selection of sampling units from each

stratum or level of the defined population. Strata are mutually exclusive and

exhaustive levels of a categorical variable. The two strata in the metropolitan

status of pharmacies are metropolitan and nonmetropolitan. Stratified sam-

pling is designed to provide samples from each stratum level either for com-

parison or for their representative nature. There are two categories of stratified

sampling: proportionate and disproportionate (Cochran 1977; Thompson

2002). Proportionate stratified sampling provides equal probability of selec-

tion of sampling units across strata to ensure that the distribution is consistent

with the population. If there are more metropolitan than nonmetropolitan

pharmacies, this distribution is reflected in the selection of pharmacies from

each stratum. A random samplemay ormay not provide representative sample

with respect to strata. Disproportionate stratified sampling implies differing

probabilities of selection of sampling units across strata. A higher probability

of selection of sampling units exists within the small stratum when compared

with strata with higher populations. Sampling weights are needed to account

for disproportionate sampling in statistical analysis (Korn and Graubard

1999). Inverse probability weighting is usually used to calculate sampling

weights. Disproportionate stratified sampling is advantageous to provide suf-

ficient samples in each stratum for comparative reasons.

Stratified sampling requires listing sampling units within the strata. Using

the same example the listing of pharmacies by metropolitan status allows the

selection of a stratified sample of pharmacies. The selection of 100 pharma-

cies from 1000 available pharmacies in the state can be proportional or
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disproportional. Suppose 80 percent of pharmacies in the population are from

a metropolitan location. Proportional sampling will result in selection of 80

pharmacies from 800 pharmacies in the metropolitan stratum and 20 from

200 pharmacies in the nonmetropolitan stratum. Disproportionate stratified

sampling will result in a larger sample from the nonmetropolitan stratum

when compared with proportional sampling. For example, disproportionate

stratified sampling can result in 60 pharmacies from themetropolitan stratum

and 40 from the nonmetropolitan stratum. Although this distribution is not

consistent with the population, sample sizes are sufficient in both strata

for comparative analysis. Sampling weights are used to address the dispro-

portionate sampling in statistical analysis. For metropolitan pharmacies, the

probability of selection is 60/800 or 0.075 and the sampling weight will be

the inverse of the probability of selection – 1/0.075 or 13.33. Accordingly,

the sampling weight for nonmetropolitan pharmacies will be 5.

Cluster sampling involves selection of a group or a cluster of basic sam-

pling units. Clusters contain a group of observation units bound geographi-

cally or by other means. Only a random sample of clusters is selected in cluster

sampling. All or some of the observation units within the cluster are selected

for data collection. Cluster sampling requires the listing of clusters to select a

sample. In a single stage sampling, all of the observation units within the

cluster are selected after random selection of clusters. In multistage sampling,

additional stages of sampling are conducted. As previously mentioned, the

largest sampling unit is known as the primary sampling unit, selected in the

first stage of selection, whereas the last stage is usually the smallest sampling

unit. Multistage sampling can include selection of the primary sampling unit

in the first stage and selection of smaller clusters fromwithin the large clusters

in the second stage. The final stage can involve selection of observation units

within the small clusters. Cluster sampling is advantageous when the listing of

observation units is not available or when observation units are geographi-

cally dispersed.

In cluster sampling, geographically bound clusters, such as geographic loca-

tions or zip codes, reduce the cost of data collection. For example, each zip code

can be considered a cluster. Proportional sampling is usually beneficial to prove

a representative sample of pharmacies, creating a proportion consistent with

the distribution in the population. For example, if there are 20 zip codes in a

state, 10 zip codes can be randomly selected. In single-stage sampling, all the

pharmacies within a given zip code area are selected. In multistage sampling,

the first stage can involve selection of zip codes and the second stage selection

of a sample of pharmacies within a zip code area. Cluster sampling is beneficial

if a pharmacist in each pharmacy is needed for an interview. Cluster sampl-

ing will help to reduce the travel time and cost of data collection by selecting

pharmacies within the zip code area. Cluster sampling is also useful if a listing

of pharmacies is readily available but not the listing of pharmacists.
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Nonprobability sampling

Convenience sampling is a nonprobability sampling process wherein the

observation units are selected based on the availability of participants and

the researcher’s convenience. It is easy to implement because a sample is

selected in locations, such as universities, shopping malls, or healthcare insti-

tutions, where there is a possibility of identifying a large group of individuals

and it is convenient for the researcher. Convenience samples may not repre-

sent the population and consequently the findings are only generalizable to

the selected sample. Convenience sampling is often used in exploratory stud-

ies, pilot studies, or studies that require pre-testing. It is also used in random-

ized clinical trials (RCTs) because the goal of such studies is to compare safety

and efficacy outcomes in the treatment and placebo group rather than to

obtain a sample that is generalizable to the population. It is easy to implement

but serves limited research purposes. A sample of pharmacies that is available

and convenient to a researcher can be selected to address dispensing issues.

Findings from such a study are generalizable only to the selected pharmacies.

Quota sampling is a form of stratified sampling without the need for

random selection of sampling units from the target population. It involves

selection of a convenient study sample with the desired characteristics. The

desired characteristics are often sociodemographic variables, such as gender,

ethnicity, or location. The process requires identification levels of a categor-

ical variable to provide the desired sample. The quota or distribution of

desired characteristics for the convenient sample is often based on the popu-

lation distribution. Consequently, quota sampling requires data regarding the

characteristics of the population. Supposing that there are 80 percent of

pharmacies in the population from a metropolitan location, quota sampling

based on metropolitan location will result in a convenient sample of 80

metropolitan pharmacies and 20 nonmetropolitan pharmacies. The biggest

difference between stratified and quota samples is nonrandom selection.

Although a quota sample may represent some characteristics of the popula-

tion, the findings are not generalizable. Quota sampling is often used to select

a sample with the desired characteristics for convenience and cost reasons.

Judgment sampling is a nonprobability sampling process designed to iden-

tify a sample that, in the researcher’s or expert’s judgment, will serve the

research purpose. It does not involve identification of desired characteristics

before the selection. It is the most subjective sampling process because the

decision to identify is based on an opinion. Although it is subjective, experi-

enced researchers and experts can have a strong understanding of represen-

tative samples. The judgment sample is often selected for exploratory studies

and it is often used in pilot studies or studies that require pre-testing. Judgment

sampling tends to provide better samples than convenient sampling because

the selection criteria are based on an expert opinion. For example, an
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interview instrument can be tested using a judgment sample of pharmacists

who, in the researcher’s opinion, represent all pharmacists in the state. The

findings based on judgment samples are not generalizable even though they

are considered representative by the researcher.

Snowball sampling starts with a very small convenient sample that in

turn helps to recruit more respondents. The sampling process is analogous

to a rolling snowball as the initial participants help to attract relevant partic-

ipants for the research. Snowball sampling is often used to recruit partic-

ipants who are difficult to identify in large numbers, such as pharmacists

involved in complementary medicine. All participants in snowball sampling

act like recruiters. Snowball sampling tends to provide samples that are

similar in some basic characteristics of interest. It is a subjective process

and the sample does not represent the population. However, it is an effective

way to identify a large number of participants who are difficult to locate or

recruit for a study.

Randomization and random sampling

Both random assignment and random sampling are based on the concept of

probability theory. However, the purpose and the goals of these are different.

Experimental studies involve randomization or random assignment of partic-

ipants to treatment and control groups to address cause-and-effect relation-

ships between an intervention and an outcome. Random assignment involves

random allocation of selected participants or patients to experimental or

control groups. This is based on the concept that selected participants

or patients have an equal chance of being selected into the experimental or

control group. The goal is to minimize bias in assigning the intervention and

to make the groups equivalent or comparable with respect to measured and

unmeasured characteristics that can influence the outcomes, as discussed in

Chapter 5. Random assignment distributes participants or patients with vary-

ing characteristics approximately equally, which ensures that the effect of

measured and unmeasured characteristics on the outcome is equal in the

randomly assigned groups and any differences in the outcome can be truly

attributed to the intervention (Kerlinger 1986).

On the other hand, random sampling is based on the concept of external

validity. It addresses the question: Are the findings generalizable? Random

sampling involves selection of a representative sample from the population.

This ensures that the selected sample represents the population and the find-

ings based on the sample can be extrapolated to the population. A truly

scientific study designed to address causal relationships should involve ran-

dom sampling and random assignment to address both internal and external

validity. This can be achieved by selecting a random sample from the popu-

lation, and then selected patients or participants are given random assign-

ments to an experimental or control group, often referred to as random
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selection, followed by random assignment to an intervention (Mikeal 1980).

The other option is to select two equal and independent random samples from

the population and randomly assign them to an intervention. This is some-

times referred to as the random samplingmodel (Hsu 1989). Both approaches

provide similar results with respect to equal distribution of characteristics.

Practically speaking, most clinical trials involve nonprobability sampling

followed by random assignment to treatment because the focus is more on

internal validity than on external validity. Often the nonprobability sampling

in RCTs involves convenient samples or some kind of quota sampling to

enhance the generalizability.

Sample size

Sample size calculations are important in research for various scientific and

practical reasons. Estimated sample size ensures that findings from the sample

are generalizable within the margin of error. Sample size information is vital

for estimating the resources, time, and budget needed to conduct the research.

Consequently, sample size calculations should be conducted as part of the

sampling plan. Several factors influence the sample size calculations, includ-

ing study objective, study design, practical considerations, and statistical

analysis to be performed. Sample size calculations are estimations based on

a given set of factors and can change if there is any change in the determinants.

Estimated sample size based on these factors provides scientific and practical

value in conducting research.

The study objective defines the formula for sample size calculations. The

determinants in the formula influence the sample size. Basic formulas for

sample size calculations estimate the population parameter and differences

within two groups (Kish 1965; Cochran 1977; Thompson 2002). Studies

designed to estimate population parameters are often focused on external

validity. The following are examples of research questions dealing with pop-

ulation parameters:

* What is the mean prescription volume for behind-the-counter

products per day for pharmacies in the state?
* What percentage of pharmacies has a drive-through prescription pick-up

provision?

These research questions estimate population mean or proportion based on

a sample. The sample size calculations provide the minimum sample size

needed to implement probability sampling design.

Studies designed to compare group differences are focused on internal

validity. Research questions for estimating differences in two groups include:

* Is there a difference in the mean prescription volume per day between

metropolitan and nonmetropolitan pharmacies?
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* Is there a difference in proportion of pharmacies in metropolitan and

nonmetropolitan pharmacies offering a drive-through prescription pick-

up option?

These research questions compare means or proportions in two samples. The

sample size calculations provide the minimum sample size needed to imple-

ment random sampling and/or random assignment.

Sample size for estimating population mean

Research questions estimating population mean based on a random sample

require an approximate standard deviation and margin of error to calculate

the sample (Ott 1992):

n ¼ ðZa � sÞ2
e2

where n¼ sample size needed,Za¼Z score for a or type I error, s¼ standard

deviation, and e¼margin of error.

The Za score is generally used for calculating the confidence interval of

a mean. It is based on the central limit theorem. Most calculations are

based on a or type I error of 5 percent to provide a 95 percent confidence

interval. The other confidence coefficients are 90 and 99 percent. Type I

error or a is an error in rejecting a null hypothesis when it is true. Intervals

calculated using the Za score (two-sided) of 1.96 will contain the population

mean 95 percent of the time. The Za score (two-sided) for a 99 percent

confidence interval is 2.57. A decrease in a or an increase in Z score increases

the sample size.

Standard deviation refers to the variability of a measure in the population.

Standard deviation is calculated based on the differences between individual

measures and the mean. A high standard deviation indicates that the individ-

ual measures are widespread or highly dispersed in the population. A low

standard deviation indicates that the individual measures are close to each

other. The higher the standard deviation or variability in the measure, the

larger the sample size needed. Standard deviation for sample size calculation

can be approximated based on past studies, pilot study, or judgment, or by

dividing the range by 4 (Ott 1992).

Margin of error, also referred to as sampling error, is expressed as the

actual value of the error that is acceptable in calculating the populationmean.

The margin of error varies with the research objective. As the margin of error

score decreases, the sample size increases. For example, the following are

needed to estimate mean prescription volume for behind-the-counter pro-

ducts per day for pharmacies in the state: an approximate standard deviation

(5), an acceptable margin of error (�2 prescriptions), and a Za (1.96) score.

Using the above values, the sample size would be 24.01 or 25 pharmacies.
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An appropriately calculated random sample represents the population

irrespective of the size of the population. Generally, the size of the population

does not play a role in sample size calculations. A correction factor is needed

only if the sample constitutes a large portion of the population. This is known

as the finite population correction (FPC) factor (Cochran 1977; Thompson

2002). It measures the increase in precision or the decrease in error when

sample size approaches the population size. The quotient of the FPC calcula-

tion provides the corrected sample size:

FPC ¼
ffiffiffiffiffiffiffiffiffiffiffiffi
N� n

N� 1

r

where FPC¼ finite population correction factor, N¼ size of the population,

and n¼ size of the sample.

Sample size for estimating population proportion

Research questions estimating population proportion based on a random

sample require a proportion estimate and an acceptable percentage of margin

of error in order to calculate the sample size (Ott 1992):

n ¼ Z2
a

e2
� ðpÞ � ð1�pÞ

where n¼ sample size needed, Za¼Z score for a or type I error, p¼ propor-

tion estimate, and e¼ percentage of margin of error.

Although the research intends to estimate population proportion, an

approximate proportion estimate is needed for sample size calculation. It

can be approximated based on past studies, pilot study, and researcher’s

judgment. If it cannot be approximated, use of 0.5 as a proportion estimate

will provide the largest possible sample size. A highly precise study may

require a �1 percent level of error, whereas other studies can accept a high

margin of error such as�5 percent. This percentage is often reported in public

polls. For example, the following are needed to estimate the percentage of

pharmacies with drive-through prescription pick-up provision: an approxi-

mate proportion estimate (50%), an acceptable percentage margin of error

(�5%), and a Za (1.96) score. Using these values, the sample size would be

384.16 or 385 pharmacies.

Sample size for comparison of population mean

Research questions comparing two population means based on a sample,

require an approximate mean of the two groups or the difference in the mean

of the two groups and the standard deviation (Ott 1992):

N ¼ 2
ðZaþZbÞ2 � s2

ðm1 �m2Þ2
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where N¼ sample size needed, Za¼Z score for a or type I error, m1 and

m2¼means in the two groups, Zb =Z score for b or type II error, and s¼
common standard deviation.

The Za score interpretation is the same as in previous formulas. The

Zb score represents the power component in the sample size calculation.

The power of a study is the probability that the study would reject a null

hypothesis when it is false. It refers to the probability of detecting a differ-

ence between the groups in the sample, if there is a difference in the pop-

ulation. Type II error or b is an error in acceptance of a null hypothesis

as true when it actually is false. Power is 1� b and is 0.84 for a power of

80 percent and b of 20 percent. The Zb score (one-sided) for 90 percent

power is 1.28. As the power or Zb score increases, the sample size also

increases, and an increase in power means that the probability of detecting a

difference is high if there is a difference between the two groups. For

example, the following are needed to compare two means involving

patients with high cholesterol: the approximate total cholesterol or differ-

ence in two groups (200 and 190mg/dL), standard deviation (10mg/dL),

Za (1.96) score, and Zb (1.28) score. Using these values, the sample size

would be 21 per group.

Sample size calculations ensure that findings derived from appropriate

samples are clinically and statistically significant. Statistically significant

findings with limited clinical significance have little or no value in pharma-

ceutical practice and policy. Consequently, the difference in the mean in the

two groups specified for sample size calculations should be clinically mean-

ingful for pharmaceutical practice. The smaller the difference between the

groups, the bigger the sample size needed to detect the difference. Similarly,

a smaller size is needed to detect a big difference in the two groups.

Irrespective of the size of the difference, the value has to be clinically

significant to be meaningful in practice. The effect size is the difference in

the mean divided by the standard deviation. It refers to the standardized

difference in the mean of the two groups, also known as Cohen’s d (Cohen

1988). The standardized mean difference adjusts for the variability in the

measures across the sample.

Sample size for comparison of population proportion

Research questions comparing two population proportions based on a sample

require approximate proportions in the two groups (Ott 1992):

N ¼
Za �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2p1ð1�p1ÞþZb �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 � ð1�p2Þþp1 � ð1�p1Þ

pq� �2

ðp1 �p2Þ2
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where N¼ sample size needed, Za¼Z score for a or type I error, p1 and

p2¼ proportions in the two groups, andZb¼Z score for power or 1� type II

error

The interpretations ofZa andZb are the same as in previous formulas. The

proportions in the two samples are needed for sample size calculations. It can

be based on past studies, pilot studies, and researcher’s judgment. Similar to

the previous equation, a larger sample size detects small difference in propor-

tions between the two groups. The difference specified should be clinically

meaningful for research to have implications in practice. For example, the

following are needed to compare proportions of patients that reach desirable

cholesterol levels in two groups: the approximate proportions or difference in

the two groups (0.90 and 0.50), Za (1.96) score, and Zb (1.28) score. Using

these values, the sample size would be 52 per group.

Other considerations

The formulas discussed above are primarily intended to provide a basic

understanding of determinants of sample size. It is not a comprehensive list

of all formulas for sample size calculations for various research questions.

Different sample size formulas are available to address various types of study

objectives. The statistical determinants generally includea and b and these are
often standardized. The other determinants, such as standard deviations,

means, and proportions, are user specified, and decisions about these deter-

minants should be based on the research objective and previous research. In

general, conservative estimates should be used to provide maximum sample

sizes. Sample size calculations are estimations and may be altered due to

changes in underlying assumptions. Most basic sample size calculations are

based on the assumption of normal distribution. Samples derived from other

distributions of values require complex formulas. Most software packages

such as SAS and STATA have procedures to calculate sample sizes (SAS

Institute 2006; StataCorp 2007). These procedures calculate sample size

and power based on the type of research question and statistical analysis to

be performed. The data needed to calculate sample size in the statistical

packages are similar to the basic formulas discussed above. Other determi-

nants of sample size calculations vary with the procedures. Previous research

and pilot findings can be useful in estimating sample size based on any

formula.

Study design considerations

Research objectives determine the structural framework for study implemen-

tations also known as the study design. It includes details of stimulus and

response, time ordering of stimulus and response, and sampling and
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allocation procedures. Experimental research involves a manipulated stimu-

lus whereas the stimulus is observed only in nonexperimental studies.

Experimental studies usually require a smaller sample size than nonexperi-

mental studies. The temporal ordering of stimulus and response in research

can be varied based on the needs of the experimental and nonexperimental

research. In clinical research, designs such as parallel and crossover designs

are popular. Crossover designs typically require a smaller sample than parallel

designs, due to repeated use of the same sample. In nonexperimental research,

case–control designs usually require a smaller sample size than cohort studies.

Most sampling calculations are based on the assumption of simple random

sampling. Studies that require stratified and cluster sampling influence the

sample size calculations. Sample size procedures available in most statistical

packages can be used to obtain samples for different study designs.

Practical considerations

The data collection issues, such as response rate and resources, influence the

sample size needed for research. Response rate refers to the percentage of

participation from the available respondents. Several factors influence the

response rate such as research topic, data collection methodology, and char-

acteristics of the respondents. Respondents’ interest in the research topic

generally lead to high response rates. Similarly, data collection processes

that require less time and are less intrusive have high response rates.

Longitudinal studies usually require large sample sizes due to attrition or

dropout rates. Studies involving multiple survey items may have missing or

incomplete responses and, thereby, influence the effective response rates of

such studies. Respondents’ characteristics such as gender, age, and education

also play a role in influencing the response rates. These factors have to be

considered in determining the effective sample size, appropriately adjusted for

the response rate. The response rates are approximations and should be

conservatively estimated to obtain the maximum sample. Previous studies,

pilot studies, and experience can be helpful in estimating the response rate

before the study. For example, if the response rate is 50 percent from the

pharmacies, twice the calculated sample size is needed to obtain the desired

sample size:

n1 ¼ n2

ð1� qÞ

where n1¼ effective sample size, n2¼ calculated sample size, and q¼
response rate.

Other practical consideration, such as budgets, personnel, and time for

data collection, can influence the effective sample size. Reduction in effective
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sample size reduces the power and, consequently, decreases the probability of

detecting a difference if there is in fact a difference in the two groups.

Response rates have to be managed to maximize the sample size.

Analytical considerations

The sample size selected should be consistent with the statistical analysis to be

performed on the data. Although study objective and analysis are interlinked,

statistical tests have their own requirements. These considerations should be

reflected in the sample size. For example, Z tests require a minimum sample

size of 30 due to sampling distribution. A sample size of 30will not ensure that

the sample is right for a research objective. Rather, it will ensure only that the

analysis is right for the sample size. Consequently, statistical tests are just a

part of the sample size considerations. A sample size of 30 is often considered

the minimum cell size in studies involving multiple factors when sample size

calculations are not possible. The number of variables and levels of variables

to be used in the analysis influence the statistical analysis, and consequently

the sample size, because most sample size formulas are derived from the

formulas of statistical tests. Most sample size considerations are driven by

the primary stimulus and response variables of interest.

The type of response variable influences the statistical analysis and the

formula to be used for sample size as discussed previously. Similarly, the

number of levels in the stimulus also influences statistical tests used and

sample size calculations. Studies that require subgroup analysis should ensure

that sample sizes are sufficient to conduct such analysis. If the researcher is

interested in comparing chain and independent pharmacies in metropolitan

areas, the sample sizes in each of the subgroups should be sufficient to conduct

such AN analysis. Studies that require regression analysis (multiple, logistic,

or survival analysis) to control for multiple factors can be based on stimulus

and response variables of interest. The sample size calculations for such

analyses can be based on basic sample size calculations adjusted for multiple

factors by using a variance inflation factor (Hsieh et al. 2003). The general

rule of thumb can also be used; for example, a minimum of 10 observa-

tions is needed per predictor variable in regression analysis (Hosmer and

Lemeshow 2000). There are rules of thumb for other statistical analyses

(VanVoorhis and Morgan 2007).

Summary and conclusions

Sampling plans are important in pharmacy practice and policy research for

practical and scientific considerations. Well-designed research should include

details of target population, sampling approaches, and sample size. The

research objective is the primary driving force in sampling plan decisions.
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Practical considerations such as personnel, costs, and time also influence the

sampling plan. The key factor in sampling is defining the target population.

The sampling approaches can be grouped into probability and nonprobability

samples. Probability sampling includes simple random sampling, systematic

sampling, stratified sampling, and cluster sampling. Nonprobability sampling

includes convenience sampling, judgment sampling, quota sampling, and

snowball sampling. The criteria for selecting sampling approaches are based

on internal and external validity issues. The sample size needed for a study is

based on study objective, study design, practical considerations, and the

statistical analysis to be performed. These sample size considerations are

designed to provide a basic understanding of determinants of sample size

calculations. Sample size calculations can be altered by changing the determi-

nants. Sampling plan development should be in accordance with the research

objective within the constraints of personnel, costs, and resources. An appro-

priate sample will ensure the scientific and statistical validity of the research.

Review questions/topics

1 Discuss probability sampling approaches using an example.

2 Discuss nonprobability sampling approaches using an example.

3 What are the basic formula determinants in sample size calculations?

4 Discuss how study design and statistical considerations influence sam-

ple size.

5 Discuss how practical considerations influence sampling plans.
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8
Systematic review
of the literature

Darren Ashcroft

Chapter objectives

* To present types of literature reviews
* To describe the steps involved in undertaking a systematic review
* To implement search strategies to locate research evidence
* To abstract study findings qualitatively and quantitatively
* To assess the quality of systematic reviews

Introduction

Evidence of the effectiveness of healthcare interventions should ideally be

used to inform decisions about the organization and delivery of healthcare

services relating to pharmaceutical practice and policy. However, the medical

and pharmacy literature is expanding at an increasingly rapid rate. Reviews of

research evidence can help increase access to the existing knowledge base by

ordering and evaluating the available evidence. Reviews are important to

understand the current state of knowledge and are instrumental in planning

future research.

This chapter focuses on systematic reviews to provide the reader with a

practical guide to understand and appraise this type of study. Initially, a brief

overview of review terminology is provided before outlining the benefits

of systematic review methods. The chapter then moves on to consider how

to conduct and then subsequently locate and evaluate the quality and results

of systematic reviews.

Review terminology

Literature reviews can vary considerably in design, execution, and assessment

of the evidence and, in practice, the terminology used to describe different
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types of reviews has also varied. Although the term “meta-analysis” is often

used interchangeably with systematic review, strictly speaking it is a statistical

technique used to combine results from a series of different studies into a

single summary estimate. Over many years of application and development,

meta-analysis has been established as a valuable method for secondary

research with its own systematic procedures and methodology for evaluating

study design, sampling, and analysis. A meta-analysis is also often referred to

as a quantitative systematic review. In contrast, when the results of primary

studies are summarized but not statistically combined, the review is often

called a qualitative systematic review. Summaries of research that lack

explicit descriptions of systematic methods are often called traditional nar-

rative reviews.

Traditional, or narrative, reviews are usually compiled by experts in the

field, andmay range in scope from comprehensive overviews to discussions of

a focused question. Not surprisingly, they may be biased by the author’s

awareness or preference for particular studies and themethods of synthesizing

information from different studies. Systematic reviews differ from other types

of literature review in that they adhere to a strict scientific design in order

to make them more comprehensive, to minimize the chance of bias, and so

ensure their reliability. Rather than reflecting the views of the authors or being

based on only a (possibly biased) selection of the published literature, they

contain a comprehensive summary of the available evidence.

Importance of systematic reviews

There are two main practical reasons for the importance of systematic

reviews. First, the systematic approach used to identify and select all relevant

evidence minimizes the threat of bias in the interpretation of the existing

evidence base. Some of the most common types of selection bias associated

with literature reviews are outlined in Table 8.1. As most reviews depend on

Table 8.1 Common types of selection bias in literature reviews

Publication bias Selective publication of studies with positive findings or statistical significance

English language bias Selective submission of positive or statistically significant studies to major English

language journals

Database bias Biased indexing of published studies in literature databases

Outcome bias Several outcomes within a study are measured but these are reported selectively

depending on the strength and direction of the results

`Gray' literature bias Results reported in journal articles are systematically different from those

presented in reports, working papers, dissertations, or conference abstracts
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published studies, the most important is often publication bias, which refers

to the selective publication of studies that show positive results or statistical

significance, although other forms of bias may be equally important for

particular types of reviews.

Dwan et al. (2008) reviewed and summarized the empirical evidence of

publication bias and outcome reporting bias in randomized controlled trials

(RCTs). Based on a series of cohort studies reporting on bias in RCTs, they

found strong evidence of an association between significant results and pub-

lication. Studies that reported positive or statistically significant results were

more likely to be published and, when comparing trial publications with

protocols, 40–62 percent of studies had at least one primary outcome that

had been changed, introduced, or omitted. Despite recent requirements for

investigators to register clinical trials as a precondition to publishing a trial’s

findings,Mathieu et al. (2009) have also shown that selective outcome report-

ing remains a major problem, which may adversely affect the validity of any

systematic review based on incomplete evidence. It is important that authors

of systematic reviews are aware of these potential sources of bias, minimize

the impact of them whenever possible, and investigate and report on their

likely presence within the final review report.

The secondmain reason for the importance of systematic reviews relates to

the fact that smaller studies may have a rigorous study design, but lack the

statistical power to detect a statistically significant effect. The added power

brought about by synthesizing the results of a number of smaller studies may

lead to the identification of earlier conclusions to help inform decisions about

the organization and delivery of healthcare.

In summary, systematic reviews locate, appraise, and synthesize evidence

from research studies in order to provide informative empirical answers to

scientific research questions. They are, therefore, valuable sources of infor-

mation for decision makers, such as healthcare practitioners, researchers, and

healthcare funding organizations. In addition, by identifyingwhat is andwhat

is not already known, they are an invaluable first step before carrying out new

primary research.

Getting started

Is a review required?

Traditionally, in healthcare, systematic reviews have been undertaken to

establish the clinical effectiveness and/or cost-effectiveness of an intervention

or drug therapy. Organizations such as the Cochrane (www.cochrane.org)

and Campbell Collaborations (www.campbellcollaboration.org) provide

considerable support to researchers interested in conducting systematic

reviews, especially in combining numerical data from experimental studies
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in the form of a meta-analysis to answer questions about “what works?” The

Agency for Healthcare Research and Quality (AHRQ) has also developed a

methods guide for the conduct of comparative effectiveness reviews (see

Online resources at end of chapter).

Systematic reviewsmay also be needed to propose a future research agenda

when future research direction is unclear or existing agendas have failed to

address a specific problem. As a result, they now often feature in student

dissertations or postgraduate theses, and may be required by research teams

who wish to secure grant funding for new primary research.

Increasingly, systematic reviews are also being undertaken to determine

whether an intervention is feasible or appropriate, or relates to evidence of

experiences, values, and beliefs of patients and/or healthcare practitioners. So,

although all systematic reviews use formal, explicit methods to describe and

synthesize evidence, they can vary considerably in the types of questions that

they aim to answer. Different types of evidence will be suitable for answering

different questions, and differentmethodswill be appropriate for synthesizing

different types of evidence.

Development of a review protocol

The review protocol outlines the predetermined plan that the systematic

review will follow. A review is less likely to be biased if the research question

is clearly defined and the methods to be used to answer it are determined

before gathering the relevant data and drawing conclusions. If not, it is

possible that study selection may be unduly influenced by assumptions about

the likely findings.

The protocol should state in detail the main question(s) that will be exam-

ined in the review, along with details of the proposed search strategy,

approaches that will be used to critique the robustness of the identified

studies, and an outline of the methods that will be used to extract and syn-

thesize the relevant evidence. At the outset, it may not be possible to state

explicitly which methods will be used to synthesize the data until after the

studies have been assessed, but the approaches that are likely to be used should

be specified in the protocol. In addition, any checklists that will be used to

assess the validity of the studies should also be included, along with the

number of individuals who will independently assess validity, and details of

the process by which any disagreements in data extraction will be resolved.

There is no single protocol format, nor is there an accepted set of contents

that always needs to be followed. Organizations, however, such as the

Cochrane Collaboration have produced a protocol template (as outlined in

the Cochrane Handbook) that may be suitable to adapt to meet the specific

needs of a new systematic review. Key elements that should be addressed in

systematic review protocols are summarized in Box 8.1.
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Undertaking the review

Undertaking a systematic review typically follows five fundamental steps:

1 formulating the research question

2 conducting the literature search

3 refining the search by applying predetermined inclusion and exclusion

criteria

4 extracting the relevant data and assessing study quality

5 synthesizing, interpreting, and reporting the data.

An example of a study that follows these five steps is described in Table 8.2.

Formulating the research question

Formulating the right question requires a clear statement of the objectives of

the review. Is it a question about the efficacy of an intervention, incidence of

an illness, or prognosis, or an economic question? Different types of health-

care questions often require different study designs, and consequently differ-

ent methods of systematic review. Table 8.3 provides an overview of the most

appropriate study designs for answering particular types of clinical or public

health questions.

Box 8.1 Key sections of a systematic review protocol

Title of the systematic review

Protocol information:

Authors

Date of protocol (version number)

The protocol:

Background to the review question

Objectives of the review

Methods

Criteria for selecting studies for this review:

Types of studies

Types of participants

Types of interventions

Types of outcome measures

Search methods for identification of studies

Details of proposed data extraction and analysis
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In defining an appropriate review question, it can be helpful to answer the

following four questions:

1 What is the population of interest?

2 What are the interventions being considered?

3 What are the outcomes of interest?

4 What study designs are appropriate to answer the question?

In practice, not all the questions may be of relevance to all systematic

reviews, and many reviews will extract data from a range of different study

Table 8.2 Practical guide to conducting a systematic reviewa

Formulating the question

The population of interest was identified as adult and/or children hospital inpatients

Outcomes of interest included prevalence and incidence rates of prescribing errors on handwritten

prescriptions and type of prescribing error

The study designs chosen to be included in the systematic review were randomized controlled trials,

nonrandomized comparative studies, and observational studies

Conducting the literature search

Computerized searches of MEDLINE, EMBASE, CINAHL, and International Pharmaceutical Abstracts were used

to identify eligible studies published between 1985 and 2007. Several key words were used in the search.

Bibliographies of all included studies were also examined to capture studies not identified from the electronic

searches

Refining the literature search

Only original research studies were evaluated. In addition, studies that evaluated errors for only one disease or

drug class or for one route of administration or one type of prescribing error were excluded. The paper

reported on how many studies were eliminated at each step and the reasons for elimination. Overall, 63

publications were included in the systematic review, reporting on 65 unique studies

Data extraction

Data to be extracted were formulated during the design stage of the study: year and country, study period,

hospital setting, methods (including study design, sampling and error validation processes, profession of data

collector, means of detecting error), error definitions used, frequency of different types of errors, and the error

rate reported (or calculated from available data). Data were extracted independently by two of the

investigators. The quality of the studies was not rated using a numerical scoring scale due to the wide range of

different study designs included

Data synthesis

The summary outcomes included median (and interquartile range) incidence and prevalence rates (error rate

of all medication orders, errors per 100 admissions, and errors per 1000 patient-days), types of prescribing

errors detected and themedications involved. Because of variations in the definition of a prescribing error, the

methods used to collect error data and the setting of the studies, meta-analysis was not undertaken

a This example is taken from a systematic review of prescribing errors in hospital inpatients.

Source: Lewis et al. (2009).
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designs. For example, in the systematic review outlined in Table 8.2, the

question of interest related to the burden of prescribing errors in hospital

inpatients and as a result no specific interventions were being considered,

but data to inform the review were drawn from a variety of different study

designs. For clinical questions, it is necessary to define the population

(participants), types of intervention (and comparisons), and types of out-

comes that are of interest. The acronym PICO (participants, interventions,

comparisons, and outcomes) is often used as an aide memoire in formulat-

ing such questions. Issues to consider relating to the intervention and rel-

evant comparators include possible variations in dosage/intensity, mode of

delivery, personnel involved, frequency of delivery, duration of delivery, or

timing of delivery. If such variations exist, it is important to consider

whether all will be included in the review or whether there is a critical dose

below which the intervention may not be clinically appropriate (Higgins

and Green 2008).

Conducting the literature search

The objective of a systematic review is to evaluate studies that address the

question of interest comprehensively and systematically. To achieve this, it

is important that all such studies are retrieved. Initially, it is helpful to find

out if a systematic review is under way or has been completed. If not,

original studies need to be found that specifically address the question of

interest.

Typically, the selection of information sources is often guided by issues

such as the discipline(s) of a particular study, the types of studies to be

Table 8.3 Ideal study designs for research questions

Question type Ideal study design

1. Intervention Randomized controlled trial

2. Frequency/rate (e.g., burden of illness) Cross-sectional study

3. Etiology and risk Cohort study

4. Prediction and prognosis Cohort study

5. Diagnostic accuracy Random or consecutive sample

6. Understanding human behavior Qualitative research

7. Cost-effectiveness Economic evaluation
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included (quantitative and/or qualitative), and the period of time to be cov-

ered. It may be necessary to systematically search:

* general medical, pharmacy, or nursing databases (e.g. MEDLINE,

EMBASE, International Pharmaceutical Abstracts (IPA), and/or

CINAHL)
* specialist subject databases (e.g. Cancerlit)
* databases from other disciplines (e.g. Applied Social Sciences Index and

Abstracts [ASSIA], PsycInfo, and/or the Social Science Citation Index)
* databases of existing reviews (e.g. the Cochrane Library).

Box 8.2 provides further details concerning the main general medical and

pharmacy electronic databases. The degree of overlap of literature among

these databases varies widely according to the topic, but studies comparing

searches of the MEDLINE and EMBASE databases have generally concluded

that a comprehensive search requires that both databases be searched (Suarez-

Almazor et al. 2000). Examining the search strategies of earlier systematic

reviews on related topics may help in constructing an efficient review search

strategy. For example, when addressing clinical questions, the search strategy

will typically have three sets of terms included: (1) terms to search for the

health condition of interest, i.e., the population; (2) terms to search for the

Box 8.2 Characteristics of the main general medical and pharmacy
electronic databases

* MEDLINE currently contains over 16 million references to journal

articles from the 1950s onwards. Currently, 5200 journals in

37 languages are indexed for MEDLINE: www.nlm.nih.gov/pubs/

factsheets/medline.html
* PubMed provides access to a free version of MEDLINE that also

includes up-to-date citations not yet indexed for MEDLINE:

www.nlm.nih.gov/pubs/factsheets/pubmed.html
* EMBASE currently contains over 19 million records from 1974

onwards. Currently 7000+ journals are indexed for EMBASE in

30 languages: www.info.embase.com
* International Pharmaceutical Abstracts (IPA) is produced in

cooperation with the American Society of Health-System

Pharmacists and currently contains over 350 000 records from

1970 onwards. Each year approximately 10 000 new records are

added covering many pharmacy journals and abstracts from major

pharmacy meetings: www.ovid.com/site/catalog/DataBase/109.

jsp?top=2&mid=3&bottom=7&subsection=10
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intervention(s) evaluated; and (3) terms to search for the types of study design

to be included (such as using a study “filter” to select only RCTs).

Organizations such as the Cochrane Collaboration have developed highly

sensitive search strategies (study “filters”) for the identification of RCTs in

electronic databases such as EMBASE and MEDLINE, which are available

online in the Cochrane Handbook (Higgins and Green 2008).

It is usually easy to find a few relevant studies by a straightforward liter-

ature search. In contrast, finding all relevant studies that have addressed a

single question is not easy. At the outset, it is important to define the disciplines

and types of studies to include, and it may be helpful to work with an infor-

mation specialist in identifying the relevant sources for these. In practice, a

number of databases are often searched using a customized search filter, which

is often supplemented by reviewing the reference lists of all eligible studies to

identify any additional work that may not have been indexed by the electronic

databases and/or contacting experts in the field of interest.

Refining the search

Not all the studies retrieved from a literature search will answer the question

of interest. It is, therefore, necessary to establish inclusion and exclusion

criteria before data extraction in order to avoid the risk of selection bias.

These criteria should flow logically from the research question under inves-

tigation. Often, it is helpful to pilot the criteria to ensure that they are reliably

interpreted and that they classify the studies appropriately. Selection criteria

typically define:

* the health intervention of interest and any relevant comparisons
* the setting and relevant populations (such as patients, practitioners, or

client groups)
* the eligible study designs
* the outcomes of interest.

The initial search for studies is often broad and inclusive and, once the list

of studies has been compiled, the titles can be compared against the inclusion

and exclusion criteria. Typically, the abstracts of studies that pass the title

search are examined and nonrelevant articles can then be excluded. The

complete text of the remaining studies is then examined, and those not meet-

ing the inclusion criteria are eliminated. It is important to keep track of the

studies retrieved at each stage and the number excluded under each inclusion

or exclusion criterion. Often this process is summarized in a “study flow

diagram” presented in the published review.

For the systematic review on prescribing errors (outlined in Table 8.2), the

electronic searches identified 595 publications, of which 493 were excluded

on the basis of their title and published abstract. The remaining 102
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publicationswere obtained in full text and assessed for suitability, as shown in

the study flow diagram (Figure 8.1). Further evaluation of the selected pub-

lication led to deletion of 51 publications; these studies did not meet the

predefined inclusion criteria or they were duplicate publications of the same

study. Screening the reference lists of the included publications identified 12

additional eligible studies. Overall, 63 publications were included in the

systematic review, reporting on 65 unique studies.

Data extraction

As in any other data-gathering exercise that requires interpretation, observers

may disagree. For example, when studies list a variety of patient subgroups,

outcome measures, or exclusions, it is possible that readers may vary in how

they interpret the data from a particular study. With this in mind, the data to

be extracted should be agreed upon by consensus at the start during the design

stage of the review. Systematic abstracting of the study characteristics, sample

demographics, and reported findings using a structured data extraction form

is necessary to enable cross-checking against data extracted by other

reviewers within the research team. This can also ensure that any missing

data are clearly apparent and will facilitate data entry later in the review

process. Ideally, study assessment and data extraction should be conducted

by two independent reviewers, and a third reviewer can be used if consensus

cannot be reached on any discrepancies following discussion. It may be nec-

essary to contact the original authors of a particular study if the data required

for the systematic review are not presented in the published article but it is

apparent that they were captured as part of the research study.

Typically, key data extracted from the primary studies include biblio-

graphic details, descriptions of the setting, study population, details of the

form and delivery of any intervention under investigation, outcome measures

that were used, and results. Any factors that could also potentially affect the

validity of the study results should also be documented. Although the general

structure of all data extraction forms will be similar, it is often necessary to

adapt forms to specifically meet the focus of a particular review. It is also

sensible to pilot the extraction form on several studies.

For the prescribing error systematic review, data were extracted from the

primary studies focusing on the setting (year and country, study duration,

hospital setting), study methods (sampling of prescriptions and review pro-

cesses, profession of data collector, means of detecting prescribing errors),

prescribing error definitions used, error rates (including the nature of the error

denominator, e.g., medication orders, patient admissions), severity of errors,

type of errors, and medications commonly associated with errors. This

allowed detailed consideration within the systematic review of the influence

of variations in these factors on the reported error rates.
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Quality assessment

The relevant studies identified often vary greatly in quality. Different studies

may examine the same issue in different ways, or examine different, but

related, issues. Studies that present their data consistently and use high stan-

dards of reporting are clearly better suited for systematic reviews than studies

with incomplete details concerning methodology, missing data, or inconsis-

tent outcome measurement. As with any other step in the review process,

assessing study quality should aim for the same high standards. In other

words, the process should be explicit, documented, reliable, and free from

bias. Indeed, the Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) statement specifically requires that systematic reviews

assess and report on the quality of the studies and data on which they are

based (Liberati et al. 2009).

The most common way to assess study quality is to use one of the many

published “critical appraisal checklists.” However, it is important to recog-

nize that:

* different checklists exist for different study designs, and most are

designed for RCTs
* some checklists assign a score or grade to a study, whereas others simply

remind the reviewer of key study characteristics
* even the best checklist does not eliminate the need to make judgments

about the quality of a study.

Many different quality assessment checklists have been published in the lit-

erature, which often vary considerably in dimensions covered and complex-

ity. Two of themost commonly applied instruments are the Jadad scale (Jadad

et al. 1998) for use with RCTs and the Newcastle–Ottawa Scale (NOS) which

was developed to assess the quality of nonrandomized studies (www.ohri.ca/

programs/clinical_epidemiology/nosgen.pdf). The Jadad scale assesses clini-

cal trials against three main criteria, namely whether (1) the trial is described

as randomized, (2) the trial is described as double-blinded, and (3) a descrip-

tion of withdrawals and dropouts is provided. In contrast, the NOS uses a

“star system” in which a study is judged on three broad perspectives: (1) the

selection of the study groups; (2) the comparability of the groups; and (3) the

ascertainment of either the exposure or outcome of interest for case–control

or cohort studies, respectively.

In the absence of an appropriate checklist, study characteristics can be

summarized qualitatively, including details about study design, methods of

participant selection, and presence of potential bias in the conduct of the study

or outcomemeasurement.Once complete, a quality assessment can be done to

exclude studies from the systematic review that fall below predefined mini-

mum standards for relevance or validity. Alternatively, it may be possible to
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grade or rank the component studies by quality, thereby giving greater

emphasis to those studies of the highest quality.

Data synthesis

Once the data have been extracted and their quality and validity assessed, the

findings from the individual studies may be combined or pooled to produce a

summary outcome or “bottom line” on the acceptability, feasibility, or effec-

tiveness of the intervention or activity under investigation. This stage of the

process is often referred to as “evidence synthesis” and the type of evidence

synthesis is chosen to fit the type of data within the review. For example, if a

systematic review examines qualitative data then thematic analysis or meta-

ethnography may be most appropriate (see Dixon-Woods et al. [2005] for a

detailed critique of methods for synthesizing qualitative and quantitative

evidence).

Close inspection of the data may indicate that it is too heterogeneous, or

too sparse, to permit sensible pooling. Under these circumstances, a qualita-

tive summarywould be appropriate. In contrast, if homogeneous quantitative

data are available these could be summarized statistically using meta-analysis

techniques. Meta-analysis combines the quantitative outcomes of an inter-

vention taking account of measures of variability both within and between

studies. Different statistical approaches have been proposed to combine the

numerical data, such as fixed-effects and random-effects models, which can

be implemented in a range of bespoke or general statistical software packages

(such as Revman or STATA software). The detailed methods of meta-analysis

are beyond the scope of this chapter but can be found in several reference

sources (see Higgins and Green [2008], or Borenstein et al. [2009], for further

details).

Tests for heterogeneity are commonly used to decide on methods for

combining studies in meta-analyses and for concluding consistency or incon-

sistency of findings (Higgins et al. 2003). Reports ofmeta-analyses commonly

present a statistical test of heterogeneity that aims to determine whether there

are genuine differences between the results of different studies (heterogene-

ity), or whether the variation in findings is compatible with chance alone

(homogeneity). If heterogeneity is detected, it is important to examine possi-

ble factors that may explain apparent differences in the findings of the studies,

such as the characteristics of the patients and settings, differences in measure-

ment of outcomes, or differences in the nature or delivery of interventions.

Reporting

The findings from a systematic review should be summarized concisely and

clearly, and put into context to inform the decision-making process. In
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particular, this should include issues such as the quality and heterogeneity of

the included studies, the likely impact of bias, and reflections on the gener-

alizability of the results so that a balanced summary of the usefulness of the

review can be made.

Ideally, the format and content of a systematic review should follow the

recommended guidelines for the type of study. The PRISMA statement has

been developed to guide reporting of systematic reviews andmeta-analyses of

studies that evaluate healthcare interventions (see www.prisma-statement.

org; Liberati et al. 2009). It consists of a 27-item checklist that includes items

considered essential for the transparent reporting of systematic reviews. The

statement also includes examples of good reporting for each checklist item,

and references to relevant empirical studies and methodological literature

explaining the rationale behind the use of the items.

Most of the PRISMA checklist items are also relevant for reporting sys-

tematic reviews of nonrandomized studies assessing the benefits and

harms of interventions/exposures, but when reporting on systematic reviews

of epidemiological studies it is necessary to consider additional items. In

particular, the MOOSE (Meta-analysis Of Observational Studies in

Epidemiology) guidance should be followed for reviews involving observa-

tional study designs (Stroup et al. 2000). The PRISMA and MOOSE guide-

lines have been developed to ensure that the information required for

replication and verification of the systematic review is presented in a clear,

organized, and accessible manner. Many of the leading academic journals

now require evidence of adherence to such guidance before publishing sys-

tematic reviews.

Identifying and appraising systematic reviews

High-quality systematic reviews are regularly published in many of the lead-

ing medical journals and electronic databases, and structured queries have

been developed to help locate systematic reviews and meta-analyses indexed

with the PubMed database. In addition, many organizations now routinely

publish electronic publications of systematic reviews on their own websites

providing speedy access to frequently updated summaries of the available

evidence, examples of which are listed in Box 8.3.

However, not all published systematic reviews are conducted or reported

in a rigorous and unbiasedmanner. As with any research study, it is important

to assess the strengths and limitations of a systematic review to help decide

whether the findings should be applied in practice. Several organizations, such

as the Centre for Evidence Based Medicine (see www.cebm.net) and the

Critical Appraisals Skills Programme (CASP – www.phru.nhs.uk) in the UK

have produced useful guidance to support the critical appraisal of systematic
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reviews. In line with these resources, the following questions serve as a

framework:

* Is the research question well defined in terms of the population studied,

the intervention under investigation, and the outcomes that were

assessed?
* Was the search for studies comprehensive? Was the search strategy

described? Was there screening of reference lists as well as electronic

databases? Were non-English language studies included?
* Were the inclusion criteria to select studies appropriate?
* Was the quality of the included studies assessed? Was this undertaken

by independent reviewers? Were the findings related to study quality?
* If the results of studies have been combined, was it reasonable to do so?

Are the results similar from study to study? Were there tests for possible

heterogeneity? Are the reasons for any variations in the results discussed?
* What are the main findings? How large is the result and how precise is

it? How would the “bottom line” result of the review be summarized?

Should pharmaceutical practice or policy change as a result of this review?

Summary and conclusions

Systematic review is a process that involves systematically identifying, criti-

cally appraising, and synthesizing the results of primary research studies.

Reviews conducted using this approach aim to define the boundaries of what

is and what is not known about a particular topic, and thereby inform deci-

sions about the organization and delivery of healthcare services. They are

prepared using strategies that limit bias in the selection and synthesis of

Box 8.4 Useful websites for locating systematic reviews

* Agency for Healthcare Research andQuality (AHRQ): www.ahrq.

gov/clinic/techix.htm
* Canadian Agency for Drugs and Technologies in Health

(CADTH): www.cadth.ca/index.php/en/hta
* The Cochrane Library: www.cochrane.org
* The Campbell Collaboration: www.campbellcollaboration.org
* The Evidence for Policy and Practice Information and

Co-ordinating Centre (EPPI-Centre): http://eppi.ioe.ac.uk/cms
* The NHS Centre for Reviews and Dissemination: www.york.ac.

uk/inst/crd
* PubMed Clinical Queries: Find Systematic Reviews: www.ncbi.

nlm.nih.gov/entrez/query/static/clinical.shtml#reviews
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research evidence, and are rapidly replacing traditional narrative reviews as a

way of summarizing research evidence.

Systematic reviews are forms of original research designed to answer

specific questions and require careful planning and execution. However,

not all systematic reviews are of high quality, and it is important to be able

to critically assess their applicability and validity. This chapter has provided

an overview on how high-quality summaries of the research evidence relating

to pharmaceutical practice and policy can be undertaken and critically

appraised. Although the process described in the chapter is specific to system-

atic reviews, the procedures and techniques can be beneficial in a literature

review process to understand the existing knowledge base in pharmaceutical

practice and policy research.

Review questions/topics

1 What are the key differences between systematic reviews and tradi-

tional narrative reviews?

2 What are themost common types of selection bias in literature reviews?

3 Outline the five key steps in undertaking a systematic review.

4 What is a meta-analysis?

5 What key questions should be considered when critically appraising

systematic reviews?
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9
Data collection methods

Richard R Cline

Chapter objectives

* To describe qualitative data collection methods
* To present quantitative data collection methods
* To introduce mixed data collection methods
* To discuss the strengths and limitations of specific procedures

Introduction

This chapter reviews data collection methods commonly employed in

research on pharmaceutical practice and policy. After conceptualizing the

research problem or question and conducting a review of the extant literature

relevant to this research area, it is necessary to select a researchmethod for the

study, which may include some form of primary data collection (i.e., system-

atically accumulating data that do not already exist). This chapter reviews

methods for data collection most often employed for pharmaceutical practice

and policy research.

The chapter starts with a discussion of qualitative data collection methods

and the philosophical foundations upon which these methods are based.

Next, quantitative data collection methods are reviewed. The final section

of this chapter introduces mixed data collection methods, a set of study

designs integrating the qualitative and quantitative traditions that has

recently become popular. The strengths and limitations of specific procedures

within each of these traditions are also discussed.

Qualitative data collection methods

Qualitative data collection methods place significant emphasis on the

individual or small group and their experience(s) with the phenomenon of

interest in a study. The role of the investigator and his or her influence on the
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data collected (as an instrument for data collection and interpretation) are

explicitly recognized with these techniques (Carpenter and Suto 2008).

Researchers using these techniques stress the subjective experience of partic-

ipants, conducting these studies within naturalistic settings, and describing

a program or policy from the perspective of those involved with or affected

by it. These methods emphasize the inductive approach, and serve to aid

the researcher in developing hypotheses, models and tentative theories

(Creswell 1994; Taylor and Bogdan 1998). As a result, these methods are

often employed when there is little prior data bearing on the subject andwhen

existing theory does not seem applicable to the problem. Qualitative data

collection methods typically are identified with a constructivist theoretical

orientation toward research (Table 9.1).

A note on qualitative sampling techniques

Qualitative data collection often employs purposeful sampling techniques

such as theoretical sampling and the use of key informants (Carpenter

and Suto 2008). In theoretical sampling the researcher begins interviewing

and after the initial interviews starts to vary somewhat the type of indi-

vidual interviewed (Taylor and Bogdan 1998). Interviews are continued

until they yield no new information, or are saturated. The sample size for a

qualitative study is rarely known beforehand for these reasons. In key

informant interviewing, the researcher seeks out people who are intimately

knowledgeable about the topic of interest and attempts to recruit them

into the research project. As individuals of this type are often limited in

number and/or difficult to access, it may not be possible to achieve satu-

ration with key informants. Austin and Gregory (2006) illustrate the use

of key informants in their study of the application of traditional tenure

and promotion guidelines to clinical faculty members in Canadian colleges

of pharmacy. These researchers used two types of key informants (clini-

cal faculty members and academic administrators) as sources of data.

In this study, key informants provided interviews, helped the researchers

to analyze the documents relevant to the tenure and promotion process,

and helped in clarifying ambiguous tenure and promotion policy

documents.

Personal interviews

Personal interviews take place in a one-on-one setting, between the researcher

and research participant. They are useful in situations inwhich the participant

or process of interest is not directly observable (Taylor and Bogdan 1998).

In the personal interview technique, researcher and participant meet in a

private or semi-private location and begin discussing the topic of interest.
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Table 9.1 Philosophical foundations of data collection methods

Data collection method Theoretical perspective Ontology (i.e., What is the
nature of reality?)

Epistemology
(i.e., What is the nature of
the relationship between
the researcher and the
phenomenon being
studied?)

Axiology (i.e., What is the
role of values in
research?)

Data collection method
example

Qualitative Constructivism Reality is a subjective

phenomenon; multiple

realities exist

Researcher and

phenomenon of interest

interact in important ways

that are not separable

The researcher's values will

always influence the types

of data collected and its

interpretation

Semi-structured interview

Quantitative Post-positivism Reality is an objective

phenomenon; only one

exists

Researcher and

phenomenon of interest

are separable

The influence of the

researcher's values can be

minimized by adhering to

accepted methodological

standards and through

peer review

Content analysis

Mixed methods Pragmatism There is a true reality, but it

is entwined with our social

interactions with it

Researcher collects data by

whatever means is best

suited to address research

question

Research is influenced by

values to some extent, but

use of multiple methods

(triangulation) can help

limit this

Triangulation design

Note: adapted from Creswell (1994), Creswell and Plano-Clark (2007), Greene (2007), Hunt (1991), and Johnson and Onwuegbuzie (2004).
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The researcher may take notes as the interview proceeds, or may use audio

recording to free him- or herself from the cognitive demands of note taking

while remaining engaged with the participant. Many authors (Taylor and

Bogdan 1998; Carpenter and Suto 2008) also recommend that the investiga-

tor record observations (including the general appearance of the informant,

body language) after the interview concludes.

Two primary types of personal interviews have been distinguished (Flick

1998; Taylor and Bogdan 1998). In the unstructured or in-depth interview

(Carpenter and Suto 2008), the investigator poses a very general question, or

questions, to a participantwho has experiencewith the phenomenon of interest.

For example, if someone were interested in pharmacist–patient relationships,

he or she might start by posing a question such as “During a typical week, what

type of interactions do you have with patients who frequent the pharmacy

where you practice?” The process is allowed to proceed organically “from

the ground up,” ending when the researcher or informant feels that there is

no more information to share (Low 2007). In the semi-structured interview, an

interview schedule or question route is used, which helps to guide the interview

to semi-specific areas or topics in which the researcher is interested. As this type

of interview employs a question route, it also is known as the focused interview.

These topics may be generated from earlier unstructured interviews or earlier

quantitative results that require more explanation. For example, the researcher

may ask: “Since your enrollment in the prescription drug coverage program,

how has your life changed?” This questionmight then be followed by a series of

open-ended questions about other aspects of the program.

Among the advantages of the personal interview is its adaptability to a

time and place that is agreeable just to the informant and the interviewer, and

the fact that the personal interview is confidential, facilitating discussion of

topics that may be perceived as socially stigmatized. Some disadvantages of

the technique are that: it can be time-consuming to access and recruit a

sufficient number of informants to achieve saturation, developing sound

interview skills requires some practice, and accounts provided by informants

are their interpretations and memories of their actions.

Focus groups

Focus groups involve the interviewing of small groups of participants by

the researcher (Taylor and Bogdan 1998; Green 2007). These groups are

composed of small numbers of informants, generally six to eight at a time.

Although marketing researchers often recommend groups as large as 12

(Churchill 1995), other methodologists advise that focus groups should never

containmore than eight because they can become difficult to control (Krueger

and Casey 2000). With very small numbers of informants (two or three),

group members may feel inhibited due the lack of confidentiality and because
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it is much easier for one individual to dominate the discussion (Churchill

1995). With groups larger than eight, all group members may lack time to

adequately share their views. In addition, very large groups promote the

tendency to free ride or remain silent, relying on other group members to

share their experiences, thoughts, and feelings. Focus groups generally last

from 1 hour to 2 hours (Carpenter and Suto 2007).

The informants who make up a focus group are chosen based on their

shared experience of some product, program, or other phenomenon, or

perhaps on some shared characteristic(s) (e.g., community dwelling women

aged 45–60 or pharmacists practicing in institutional settings). This homoge-

neity of group composition is important for two reasons: first, for analysis

purposes it becomes very difficult to compare the experiences of two or more

groups if these groupmembers are combined into a single group; and, second,

participants aremore likely to feel comfortable and share experiences within a

group with similar participants.

As with the semi-structured interview, focus groups employ a questioning

route designed to focus the inquiry and to keep the discussion from ranging

too far afield from the topic of interest (Krueger and Casey 2000). As the

researcher must attempt to solicit input from multiple informants, they are

usually referred to as a moderator, as opposed to an interviewer, in this

context. Each group is audio- or video-recorded so that verbatim transcrip-

tions or detailed notes can be made and analyzed. In addition, a second

member of the research team records notes at each focus group, recording

such things as descriptions of the group members and other details of group

dynamics that may add context (Green 2007).

Among the advantages of focus groups are that group members may be

prompted to remember and share thoughts and opinions by simply hearing

those shared by other members (Taylor and Bogdan 1998). In addition, they

can be more cost-effective because the researcher is soliciting information

from many people at the same time, potentially increasing the reliability of

the data (Churchill 1995). However, the investigator must still conduct the

number of focus groups needed to reach saturation (often aminimumof three)

(Krueger and Casey 2000). The disadvantages of this method include the fact

that the researcher must find an appropriate space and conduct the focus

groups at a time that is convenient for the majority of the target population.

Sensitive topics (e.g., prescription drug diversion) are poor subjects to study

with focus groups and are better addressed with personal interviews.

Unstructured observation methods

Observation methods involve the researcher as observer, recorder, and

interpreter of research participants’ actions, conversations, body language,

etc., in a setting relevant to the investigation (Flick 1998). Observing subjects
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engaged in an activity can serve as a useful method for describing and

understanding the structure and process used in an environment (Neuman

2006). As observations are made in a naturalistic setting these techniques are

generally referred to as field research.

In nonparticipant observation, the researcher remains detached from

the research participants (Caldwell and Atwal 2005). The researcher may

remain hidden or use video-taping. The goal is to make observations with-

out altering the natural environment where the activity occurs. For example,

Bissell et al. (2000) used nonparticipant observation as one data collection

procedure in their study of the appropriateness of advice given to consumers

with regard to nonprescription medicines use in the UK. One member of

the research team unobtrusively took field notes on such factors as whether

the pharmacy appeared to be busy and whether a pharmacist or medicines

counter assistant provided the advice. These observations were then used to

supplement audio-recording transcripts of each advice-giving encounter. In

participant observation, the researcher becomes known to the participants

in the study (Flick 1998). The researcher’s level of involvement may range

from being known to the research participants but remaining apart from

them, to actually becoming one of the participants in the group under

study, so that the emotions and attitudes of the group can be experienced

(Mack et al. 2005; Neuman 2006). For example, Sinclair and coworkers

(2008) used participant observation to augment focus groups in their study

of Canadian oncologists who made use of a decision-making tool to prioritize

funding for several new cancer drugs being evaluated for inclusion in a drug

formulary. Research team members sat with each group of oncologists while

prioritization occurred, taking field notes (the traditional data recording

method used in these techniques) on nonverbal communication among

members. Audio transcripts were analyzed and augmented with these notes.

Oncologist behaviors, such as burying their faces in their hands, provided

insight into the arduous nature of these decisions which might not have been

apparent with verbal transcripts alone.

Advantages of observation methods include the researcher actually witnes-

sing the actions of research participants and their accompanying dynamics. In

addition, they can provide insight into subjects that research participants are

unwilling or find it difficult to talk about (Green 2007). In addition, research

participants may be unaware of the cultural knowledge that they use and

possess in their daily activities because it is embedded in their daily lives.

Disadvantages of the technique include the time required to complete obser-

vational studies (which can range from 6 months to as long as 2 years) and the

difficulty involved in recording everything that one sees, hears, smells, etc., in

field notes (Mack et al. 2005). Finally, several authors (Mack et al. 2005; Green

2007) caution against the belief that, as the researcher is in close proximity to

the situation, the data generated are more valid than other types of qualitative
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data. Steps can be taken to increase validity (such as video-recording or

employing multiple observers), but the fact that the researcher is the primary

data collection instrument makes the activity inherently subjective.

Quantitative data collection methods

Quantitative data collection methods emphasize collecting objective data

on prespecified variables of interest from individuals who are members of

the population of interest in a research project (Neuman 2006). The investi-

gator serves as a neutral third party who attempts to minimize the effect of

personal biases on the data collected (Broom and Willis 2007). Quantitative

researchers stress collecting structured data in a reliable manner using data

collection instruments, such as survey forms, that require observations to fit

within prearranged categories and ranges (Creswell 1994). These methods

emphasize the deductive approach, and serve to aid the researcher in testing

hypotheses and verifying (actually, attempting to falsify) models and theories

(Godfrey-Smith 2003). These methods are often employed when the subject

of a research problem is well structured, when there are at least some prior

data, or when existing theory seems applicable. Quantitative data collection

methods typically are identified with a post-positivist theoretical orientation

toward research (Table 9.1).

Structured observation

In structured observation methods, the researcher seeks out and records data

from situations that are of interest in an investigation (Mateo 1999).

Structured observations focus the investigator’s attention on specific variables

and employ data collection forms requiring the researcher to record observa-

tions using specific categories or values. Structured observation techniques

can be classified as either direct or indirect. Direct observation methods entail

observing or recording the situation under study as it occurs andmay be either

disguised or undisguised. When using a disguised observation method, the

researcher attempts to blend in with other individuals in the situation of

interest when collecting data. Alternatively, hidden video- or audio-recording

may be used to gather data. In undisguised observation the investigator

identifies him- or herself before starting the observation. The advantage of

disguised observation is that research participants are less likely to alter their

behaviors in response to being observed (Churchill 1995). In contrast, undis-

guised observation permits the researcher to question those involved in the

situation of interest about any number of other, unobservable variables of

interest. Schommer and Wiederholt (1995) used direct disguised observation

in a natural setting (community pharmacies) in their study of pharmacist,

patient, and environmental variables affecting the occurrence, length, and
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content of pharmacist–patient communication. Patients were made aware

that they were observed only after their interactions with pharmacists, at

which time structured personal interviews were used to collect other data.

Indirect observation techniques (sometimes referred to as unobtrusive

measures) focus on the evidence left behind after the activity occurs (Boyd

et al. 1985). For example,Mott andKreling (1998) audited recently processed

written prescription orders from 10 community pharmacies, recording data

on variables such as drug name, quantity, whether a proprietary or generic

product was dispensed, and the type of prescription drug insurance. The

advantage of indirect methods is that they provide the most assurance that

the researcher cannot be detected and the behavior of interest can be studied in

its purest form. The clear disadvantage is the difficulty in devising good

unobtrusive measures (Neuman 2006).

Self-reports

Self-report data collection methods are all obtrusive because they involve

confronting the research participant directly and gathering specific informa-

tion (Kerlinger 1973; Neuman 2006). The key feature that differentiates the

self-report methods described below is their method of administration. The

validity of all self-reports is, at best, subject to the limits of memory.

The structured face-to-face interview involves the researcher approaching

the potential research participant, posing the required questions, and record-

ing the answers provided on data collection forms. The emphasis in the

face-to-face interview is obtaining standardized answers to the questions

presented. This can be difficult for at least two reasons (Fowler 1995): first,

terms employed in questions may be understood differently from person to

person; and, second, interviewer training must be standardized so that

interviewers understand what types of clarification are permissible in these

situations. If this is not done, the reliability and validity of the data collected

are threatened.

Face-to-face structured self-reports have several advantages. They are

effective in encouraging study participation because the social interaction

between investigator and participant builds rapport (Frankel and Wallen

1996). Also, those administering the questionnaire can help clarify items on

the survey form, thus reducing item nonresponse. The interviewer may also

prompt the respondent when incomplete responses are given. Finally, this

form of administration may be the most feasible when conducting research

within populations with low literacy levels. The disadvantages of this method

include its high cost and the fact that social desirability bias is likely to be

prevalent. Computer-assisted personal interviewing (CAPI), in which the

interviewer uses a laptop computer to record answers, seems to moderate at

least some of these disadvantages. In their study of the National Longitudinal
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Study of Youth (NLSY), Baker et al. (1995) found that interviews completed

using CAPI were on average 20 percent shorter than those completed using

paper and pencil, and that respondents were more likely to respond to ques-

tions on sensitive topics.

Telephone interviews provide an attractive method of collecting self-

reports in some projects. Several authors suggest that the percentage of homes

with some type of telephone in the USA is approximately 97 percent, provid-

ing very good coverage of most of the population (Blumberg and Luke 2008).

Techniques such as random digit dialing (RDD) can be used efficiently to

generate random samples of any required size. However, the increasing prev-

alence of cell phone-only households (17.5 percent in 2008) may be beginning

to limit the utility of this technique, suggesting that researchers must use

dialing procedures that ensure coverage of this group.

The advantages of telephone interviews include their relative cost-

effectiveness and the speed with which they can be conducted compared with

in-person interviews (Churchill 1995). Telephone interviews retain several

advantages of face-to-face interviews including the ability to prompt the

respondent for complete answers and to clarify vague terms. They may also

be better at eliciting truthful responses to sensitive questions. Among the

disadvantages of this method are its slightly lower response rates compared

with face-to-face interviewing and the fact that interview length is typically

limited (about 25 minutes) (Frankel and Wallen 1996; Neuman 2006).

Structured self-report data are also commonly collected by mail survey

(Churchill 1995). This method typically involves selecting a sample of

participants and mailing the questionnaire to these individuals with (at

a minimum) a cover letter containing a number of necessary elements

(Dillman 2000) and a postage paid return envelope. The reader is cautioned

that collecting self-report data via mail questionnaire may seem simple,

but is difficult to do well. Thus, the interested reader should refer to

Chapter 10, as well as the references contained herein, before beginning

this process.

Advantages of the mail survey include the fact that it is generally among

the lowest costs of the four methods discussed in this section (Neuman 2006).

If necessary, this type of data collection can be conducted by a single

researcher. Mail surveys are self-administered, increasing anonymity. Thus,

respondents are more likely to respond truthfully to sensitive questions. The

disadvantages of the mail questionnaire include its limited usefulness in

populations with low literacy and in groups who are homeless. Finally,

response rates to mail surveys can be among the lowest of those discussed

here. For example, a review of studies using mailed self-report forms, which

appeared in medical journals in 1991, found that the mean response rate

among physicians was 54 percent, whereas among patients it was 60 percent

(Asch et al. 1997). However, close adherence to techniques known to increase
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response rates (e.g., multiple contacts, financial incentives) can boost re-

sponse rates to 70–80 percent (Dillman 2000).

The advent of widespread broadband internet availability in US households

(approximately 63 percent in 2009) (Anonymous 2004; Horrigan 2009) pro-

vides a new mode for self-report data collection in the form of the web-based

survey. Although a number of popular web-based applications exist for design-

ing and implementing internet surveys, many (if not most) of the principles

governing mail data collection form design and administration still apply in

this new delivery mode (Dillman 2000). The advantages of the internet survey

as a method of self-report collection include its low cost, the fact that prompts

can be used for incomplete or unanswered items, and the ability to provide

context-sensitive instructions for terms that may be unclear. As with mail

surveys, these web surveys are often superior to in-person and telephone

surveys at eliciting truthful responses to controversial questions. This method

of data collection has numerous disadvantages. First, it requires widespread

written and computer literacy within the target population. Second, access to

high-speed internet coverage is unequal across various demographic groups,

with older adults, those living in rural areas, and those with lower incomes

being all less likely to reside in a homewith a broadband connection (Horrigan

2009). Finally, a recent meta-analysis of studies comparing response rates

between internet and mail surveys suggests that rates are approximately 10

percent higher in traditional mail surveys (Shih and Fan 2008).

Content analysis

Content analysis is an unobtrusive data collection technique used when the

researcher seeks to describe the content of some form of communication

(written, verbal, or visual) (Weber 1990; Holdford 2008). It is a means of

collecting structured data from various types of messages. Content analysis is

used for three general categories of research questions (Frankel and Wallen

1996). It is useful for developing descriptive data from a communication

medium (e.g., who, what, where). It is also useful in determining the impact

of some social phenomena. Thus, a researchermight seek to better understand

changes in Medicare beneficiaries’ attitudes toward Medicare by content

analyzing newspaper stories written about the program both before and after

the Medicare Part D benefit was implemented. Finally, content analysis may

be used in studies designed to test hypotheses. Using this approach, Sleath

et al. (1997) used transcriptions from audio-recordings of patient–physician

encounters to study the factors influencing patient-initiated prescribing

of psychotropic medications. They then tested a set of hypotheses about

variables that they believed were likely to influence this activity.

When using content analysis to collect data the researcher must first

decide upon indicators of the construct(s) of interest (Kerlinger 1973;
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Holdford 2008). After indicators are selected, the analyst must decide

on the coding scheme. Neuman (2006) suggests that four basic dimensions

of the selected indicators can be coded: frequency (the number of times

something occurs), direction (e.g., Do facial expressions appear to be happy

or sad?), intensity (the strength of an indicator in a given direction), and

space, or the size of the message, sometimes coded as column inches or

minutes. The reliability of the investigator’s coding is a central concern

when collecting data in content analysis (Holdford 2008). To increase

reliability, content analysts generally employ a minimum of two coders

who analyze the same units of analysis. The degree of correspondence

between the coders, or interrater reliability, can then be estimated using a

variety of statistical indices (Perrault and Leigh 1989). Low reliability

suggests that the coding scheme developed for the project requires revision

or that coders require further training.

Content analysis has several potential advantages as a data collection

method (Weber 1990). First, communication is a pervasive activity, so many

areas of pharmaceutical practice and policy research are amenable to it.

Second, it is an unobtrusive data collection method, limiting the potential

for the observation process itself to confound the phenomenon of interest

(Neuman 2006). Its limitations include the fact that its use is restricted to

descriptive and correlational research designs. Content analysis studies can-

not demonstrate a causal relationship between two variables.

Clinical/biophysiological data

The collection of clinical data may be of use in the evaluation of various

pharmaceutical practices and policies (Lepper and Titler 1999). For example,

in a study of a pharmacist intervention to decrease tobacco use, a proximal

outcome of interest would be changes in tobacco use that occur among

program participants. Observational methods are likely to be burdensome

and self-reports will likely be subject to social desirability bias. One alterna-

tive, clinical and biophysiological data collection, is to check for saliva or

blood levels of cotinine, a nicotine metabolite, among study participants

(Centers for Disease Control and Prevention 2002).

The advantages to using clinical and biophysiological measures in data

collection include the fact that most are highly reliable, if carefully conducted,

and valid, if chosen carefully (i.e., the researcher must be sure to carefully

select clinical markers that are considered good measures for the outcome of

interest) (Polit and Tatano-Beck 2003). For example, cotinine is produced

only from nicotine exposure. However, a high level may indicate that patients

are exposed to a large amount of secondary cigarette smoke, and not that they

themselves use tobacco. The primary disadvantages to this data collection

method are the fact that they are often more invasive than other methods
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discussed above and can be costly if the equipment needed must be purchased

(Lepper and Titler 1999).

Mixed methods data collection

Mixed methods data collection involves integrating qualitative and quantita-

tive data collection methods in a study to develop a more complete under-

standing of the pharmaceutical practice and policy that one seeks to evaluate

(Creswell and Plano Clark 2007). It should be noted that integration is a key

term used in this brief definition, implying that one method informs the other,

producing an understanding not possible if either had been used alone. This

approach to research is referred to as triangulation (Tritter 2007). Mixed

methods designs involve the mixing of various data collection techniques

described above. As such, this section introduces no new methods as such,

but instead focuses on the design types used in mixed methods research.

Qualitative data collection methods are often identified with a pragmatic

theoretical orientation toward research (see Table 9.1).

Mixed methods research designs

Creswell and PlanoClark (2007) propose thatmixedmethods studies, and the

various frameworks that methodologists have advanced for the classification

of their research designs, can be classified into just four main types of study

design. The following discussion draws heavily on their classification work,

and the interested reader is encouraged to refer to their text for a more

complete exposition on this topic.

The purpose of the triangulation design is to obtain complementary data

on the same topic. It is known as a single-phase design because the different

types of data are collected concurrently. Equal weighting is given to each type

of data. For example, quantitative and qualitative data may be collected

simultaneously and then interpreted simultaneously in the research report.

Alternatively, the researcher may collect quantitative data using a structured

survey while collecting qualitative data using open-ended, semi-structured

survey items addressing similar topics. The qualitative responses might then

be used to interpret quantitative results.

The primary advantages to this type of design are, first, that it makes

intuitive sense to most researchers. The triangulation design is efficient,

because both types of data are collected at approximately the same time.

Second, each type of data can be collected separately by a member of the

research team who is expert in the area. The disadvantages of triangulation

designs are that the amount of effort and expertise required to conduct

this type of study are considerable (because equal weight is accorded to

each type of data, research teams composed of investigators expert in both
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types of data collection must be formed). Also, results from the two data

types may not agree, necessitating the collection of further data to resolve

the problem.

The embedded design is used when one type of data will play a supportive

role in the research project. It is useful when the investigator needs to insert a

smaller quantitative (or qualitative) research component within a larger

qualitative (or quantitative) study to answer a different question that could

not be answered with a single type of data. This design might use a one- or a

two-phase design (i.e., a design in which one type of data collection is

followed by another). For example, one variant of the embedded designmight

be to conduct a qualitative study to determine what types of stimuli are likely

to be effective in an experimental manipulation and then to design an

experiment(s) using these findings.

The advantages of the embedded design include its adaptability to the

needs of the research project. Also, the design typically is simpler for graduate

students, since one method requires less data than the other. This design may

also bemore appealing to funders, because the emphasis is often placed on the

quantitative part of the study. Its disadvantages include the challenges in

specifying the purpose of collecting qualitative (quantitative) data within a

quantitative (qualitative) study and the difficulty in integrating the results

when the methods are used to answer two different research questions.

The explanatory design is a two-phase design with the intent of using

qualitative data to help explain initial quantitative findings. Thus, qualita-

tive data collection follows the main, quantitative portion of the study. The

two variations on the explanatory mixed methods design are the follow-up

explanations model wherein the researcher requires qualitative data to

explain results obtained during the quantitative phase of the investigation

and the participant selection model wherein the researcher uses quantitative

data to purposefully identify and sample participants for further qualitative

study. Here, the qualitative data usually become the primary focus of the

research.

As the explanatory design is a two-phase design, it can be used by a

single researcher collecting one type of data at a time. This family of designs

works well for both multiphase and single-phase mixed methods investiga-

tions. Finally, this variety of designs is appealing to quantitatively oriented

researchers because it usually begins with a quantitative worldview. How-

ever, explanatory designs have drawbacks, including the amount of time

required to implement the phases in sequence and the design decisions that

the investigator must make (e.g., using the same or different participants for

each study phase).

In the exploratory design, the results from a first phase (typically qualita-

tive) are used to develop a second phase. The exploratory design is useful

when theory is lacking in the area of interest or important variables are
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unknown. Here, the qualitative data often receive greater emphasis. In one

variation of this design, the taxonomy development model, the qualitative

data collection phase helps uncover variables with the quantitative phase used

to test the relationships among them. This design variant was employed

by Cline and Gupta (2006) who first collected data on the types of features

older adults believed were most important in a government-provided

prescription benefit program using several focus groups. Thematic analysis

of the focus group transcripts revealed five attributes that were consistently

mentioned. These attributes were incorporated into a number of hypothetical

drug plan designs that a separate group of older adults rated on a structured

survey form. Analysis using multiple regression revealed the most important

attributes in this group.

As a result of its similarities to the explanatory design, the advantages of

the exploratory design are analogous. The disadvantages of this design

include the time required to conduct studies using exploratory designs, the

difficulties that sometimes arise when trying to specify a research plan to an

institutional review board when design decisions must be made based on the

first phase of the study, and making design decisions regarding the use of the

same versus different study participants in each phase.

Summary and conclusions

This chapter has introduced three varieties of data collection procedures

commonly employed by pharmaceutical practice and policy researchers.

Qualitative methods are often employed when the purpose of a study is

inductive or exploratory. These techniques include in-depth interviews, focus

groups, and participant observation techniques. They are especially valuable

when there are few prior data in an area and when theory is lacking.

Qualitative data collectionmethods are especially useful for generating details

from the perspective of the participant that describe the structure and process

of a phenomenon.

Quantitative data collectionmethods are usedwhen the purpose of a study

is deductive. These methods include structured observation methods, content

analysis, and structured self-reports, such as telephone and mail surveys.

Quantitative data collection techniques require that the granularity of data

be reduced so that they can be recorded on data collection forms with

preordained categories and values. Although these procedures are sometimes

used in exploratory studies, they are most often associated with hypothesis

testing or model falsification.

Mixed data collectionmethods are often usedwhen the researcher believes

that neither qualitative nor quantitative data collection techniques alone are

likely to answer the research question(s) posed in a study. These studies

involve integrating both qualitative and quantitative methods in an attempt
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to develop a greater understanding of a phenomenon than would be possible

otherwise. The goal in a mixed methods study is to select data collection

methods with complementary strengths and overlapping weaknesses.

In conclusion, a wide variety of primary data collection techniques has

been developed by social scientists. Before selecting a data collection method,

the researcher must first define the research problem carefully, decide on the

variety of data (qualitative, quantitative, or mixed) most likely to be useful in

addressing the question, and finally review the advantages and disadvantages

of the individual methods before selecting a data collection procedure to

be used.

These data collection procedures are powerful and, when applied rigor-

ously and combined with appropriate analysis techniques, can yield answers

to many questions. However, students of these techniques should keep two

points in mind: first, the data collection methods discussed here are just

methods – they are not the subject of science but its servants; and, second,

no data collection technique, no matter how elegantly applied, can compen-

sate for a poorly conceived research project, i.e., the first job of any scientist is

to understand the important questions to ask in his or her chosen field.

Review questions/topics

1 How are decisions about the data collection techniques to be employed

in a study linked to the research question(s) that must be addressed?

2 What are the advantages of qualitative data collection methods com-

pared with quantitative data collection approaches?

3 What are the advantages of quantitative data collection methods

compared with qualitative data collection techniques?

4 Compare and contrast direct (obtrusive) structured data collection

methods with indirect (unobtrusive) data collection methods.

5 What facets of a given research problem would you consider when

attempting to decide among mixed methods research designs?
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10
Survey design

Marcia M Worley

Chapter objectives

* To discuss the appropriateness of using surveys
* To review survey development
* To describe survey mode selection
* To describe survey implementation
* To discuss data preparation

Introduction

Survey research is widely used in the domain of pharmaceutical practice

and policy research. According to Doyle (2008): “Surveys can be a powerful

and useful tool for collecting data on human characteristics, attitudes,

thoughts and behaviors.” For example, a survey can be used to collect data

related to: (1) patient satisfaction with medication therapy management ser-

vices, (2) patient attitudes and beliefs about the Medicare Part D prescription

drug program, (3) practitioner views on direct-to-consumer advertising, and

(4) pharmacists’ views on their roles as medication therapy management

providers.

This chapter examines principles of survey design in order to provide a

practical framework and resources for designing effective surveys. The first

section of the chapter starts with a discussion about the appropriateness of

using surveys. Next, the topics of survey development, including writing

survey questions, types of response scales, and formatting the survey, are

reviewed. The second part of the chapter describes issues related to survey

mode selection and mail survey implementation, including a discussion of

errors common to survey research. Lastly, data preparation issues related to

coding and cleaning are discussed.
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Getting started in the survey research process

When do you use a survey?

Beginning researchers often make the common mistake of starting first with

the idea that they want to conduct a survey, even before research questions

have been formulated. If research questions are clearly thought out and

defined, then the research project can be properly designed to answer such

questions. The next question that the researcher should ask is: “Are my

research questions best answered by using a survey, or is another data collec-

tion method appropriate?” A survey can be one option for collecting the data

if a researcher needs to collect primary data (data that do not already exist).

Although surveys can be difficult, costly and time-consuming to develop and

implement correctly, they can yield rich primary data.

Using existing instruments versus instrument development

The first step in the survey development process is for the researcher to

examine the literature for existing survey instruments that may be usable,

which can save the researcher valuable time in the research process. Surveys in

the literature can sometimes be used exactly as written, or can be modified to

apply to the researcher’s individual research project. If this approach is used, it

is important to assess the reliability and validity of these items in the current

study. Question modifications and using questions in different samples can

affect the psychometric properties of the questions (Meadows 2003). It is

important to obtain permission to use the survey, which may include copy-

right issues, from the originator of the survey. Appropriate acknowledgment

through referencing should be followed (Meadows 2003).

If new survey questions need to be developed, there are numerous avenues

to explore for developing such questions. The researcher can develop new

questions by putting pen to paper. Also, focus groups and interviews can be

used to generate survey questions as discussed in Chapter 9.

Constructing the survey

Writing survey questions

If existing surveys cannot be found in the literature to meet the researcher’s

needs, survey questions must be written. Writing survey questions is a

challenging and complex endeavor, part art and part science. This step of

the survey design process is one in which the researcher should plan on

spending considerable time and effort, because this is a critical step to

ensure that reliable and valid data are collected to answer the research

questions.
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Open-ended versus close-ended questions

When preparing survey questions, the researcher can choose to use questions that

have an open-ended or a close-ended response option. An open-ended question

allows the respondent to write in any answer to the question. A close-ended

question includes response options that are provided by the researcher, thereby

“forcing” the respondent to choose froma set of predetermined responseoptions.

For example, a researcher could ask a patient an open-ended question: “Please

describe who is involved in your daily diabetes medication management.”

A close-ended question could be: “Who is involved in helping youmanage

your daily diabetes medication?” (Check all that apply):

* Doctor
* Pharmacist
* Nurse
* Family member or friend
* Other.

There is a tradeoff between the control of using a close-ended question versus

the variety of responses and the richness of the data that can be obtained using an

open-ended question. In addition, data analysis is different for open-ended

questions (typically qualitative data) than for close-ended questions (quantita-

tive data). (The reader is encouraged to investigate resources for appropriate

data analysis.) Often a researcher will use a combination of both closed and

open-ended questions in a survey, depending on the type of information that

they are collecting (Fowler 1995, 2009; Passmore et al. 2002; Meadows 2003).

Question components

Close-ended survey questions or items can be conceptualized as containing a

question “stem” and a “response format” (Passmore et al. 2002). Simply put,

the “stem” is the statement responded to or the question to which the respon-

dent answers. The response format structures the person’s response. Guidelines

to follow for writing effective question stems that can produce high-quality

data include writing stems that are relatively short (<20 words), clear, and

simple (Passmore et al. 2002). Also a good rule to follow is not to use modifiers

in the stem, e.g., “usually,” which can cause confusion. Additional guidelines

for writing effective question stems include writing stems that do not influence

respondents to answer in a particular way, are not socially or culturally offen-

sive, and focus on one specific variable (Fowler 1995; Passmore et al. 2002).

Additional question writing tips

To increase the quality of data collected, the researcher is encouraged to use

simple language and avoid the use of technical terminology, abbreviations,
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and jargon. Avoiding words that are ambiguous or nonspecific, or have

multiple meanings is also encouraged. The researcher should avoid using

double-barreled questions, e.g., “How do you feel about your medications

and the pharmacist who is helping you with your medications?” In this

example, the respondent may have negative feelings about their medications

and positive feelings about their pharmacist, or vice versa, so they would not

be able to accurately answer the question (Oppenheim 1992; McColl et al.

2001; Meadows 2003). A better approach would be to ask this question as

two separate questions. The researcher should word survey questions in such

a way that they can be answered by the person in the sample with the lowest

education level (Barker 1994). The researcher can use tools such as the

FOG Index (Gunning 1952) or the Flesch Reading Ease formula and the

Flesch–Kincaid Grade Level formula (Klare 1974–75) to assess the reading

level of the survey questions.

Common scales used in survey research

When close-ended questions are used to measure variables, the respondent

can be asked to choose from an array of response categories, choose a

response by writing in a number corresponding to a value on a particular

scale, or circle a response on a scale. If scales are used as response formats,

there are various forms.

Likert scale

The Likert scale is one of the most commonly used response scales in phar-

maceutical practice and policy research (Likert 1932). It is a respondent-

friendly scale typically used to measure attitudes, beliefs, and opinions.

Characteristically, a declarative statement is presented with a Likert scale

containing response options representing degrees of agreement and disagree-

ment. For example, a respondent can be asked to respond to the following

statement by choosing a response option from the 5-point accompanying scale:

“My pharmacist will alert my physician if there are problems with the

medications that I am taking:” 1¼ strongly disagree; 2¼ disagree;

3¼ neutral; 4¼ agree; 5¼ strongly agree.

A 7-point scale can also be used, providing more response options and

allowing for increased variability in responses. An example of a 7-point scale is:

1¼ very strongly disagree; 2¼ strongly disagree; 3¼ disagree;

4¼ uncertain; 5¼ agree; 6¼ strongly agree; 7¼ very strongly agree.

In some cases, the researcher may not want to allow the respondent to

have the response option of “neutral” or “uncertain” and wants to “force”
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the respondent to choose either a positive or a negative response option

(Sapsford 2007).

Semantic differential scale

The semantic differential scale has its roots in the attitude research of Osgood

and colleagues (1957). A semantic differential scale can be used by the

researcher to assess a respondent’s attitudes and opinions about an object,

person, product, or service. A semantic differential scale comprises pairs of

adjectives or phrases that are opposite in meaning. The respondent must then

choose the adjective or phrase that best describes their attitude or opinion.

These adjectives or phrases can be bipolar or unipolar, depending on the

study purpose. An example of a bipolar adjective pair, expressing opposite

attributes, would be trustworthy and deceitful. An example of a unipolar

adjective pair, focusing on the absence and presence of one attribute, would

be trustworthy and not trustworthy (DeVellis 2003). For example, patients

can be asked to rate their opinions about pharmacists conducting medication

therapy management services using the following adjective pairings: inexpen-

sive–expensive; valuable–not valuable.

Visual analog scale

A visual analog scale is a visual representation of the semantic differential

scale. The scale is set up so that a line is drawn between the two adjectives or

phrases that represent a continuum. The respondent is asked to place a mark

on the line that represents their perception or viewpoint, and then the

researcher measures the distance from one side of the line (DeVellis 2003;

Sapsford 2007).

Rank order scale

A rank order scale can be used if the researcher wants the respondent to

rank or order preferences related to a certain variable. For example, a

survey question that asks a person enrolled in the Medicare Part D pre-

scription drug plan:

Please indicate which of the following aspects were most important to

you when you chose your Medicare Part D prescription drug plan.

Please indicate importance using the following items 1 (most

important) to 5 (least important) (Passmore et al. 2002):

* The amount I pay each time I pick up a prescription (copay)
* Remaining with my current pharmacy
* The plan formulary covers most of the drugs that I take
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* The amount the plan charges in monthly premiums
* The plan covered prescription costs in the “doughnut hole”

(coverage gap).

It is important to keep the list relatively short in an effort to decrease

respondent burden. An issue that arises with this type of scale is that the

elements of a rank order list cannot be compared as degrees of magnitude.

Additional scales

A Guttman scale is a hierarchical scale in which a respondent ranks items such

that respondent agreement (or affirmative response) with an item indicates the

respondent’s agreement with all preceding items in the scale (DeVellis 2003;

Rattray and Jones 2007). If the researcheruses aGuttman scale, they are focused

on the point where the respondent changes their answer from an affirmative

answer to a negative response (DeVellis 2003). A Thurstone scale is similar to a

Guttman scale, and is developed such that individual items in an item pool have

different levels of intensity of the attribute being investigated (DeVellis 2003).

The scale items are separated by equal intervals, and an “agree–disagree”

response format is used. The researcher then examines the level of agreement

or affirmative responses to the items (DeVellis 2003). The difficulty in develop-

ing Guttman and Thurstone scales correctly often limits their use in pharma-

ceutical practice and policy research. Novice researchers are encouraged to

consult appropriate references when designing either of these scales.

Ordering of survey questions

Organization of survey questions according to survey topics is one way to

present questions in a logical order that will not be confusing to the respon-

dent. This approach decreases respondent burden and increases the likelihood

that respondents will put thought into their answers. As Schwarz (1996)

stated: “A questionnaire is like a conversation which typically evolves in

accordance with societal norms.” According to Dillman (2007), the order

in which the topics appear in the survey should be from most to least impor-

tant to the respondent. Criteria for the first question is that it should be able to

be answered by everyone, easy to answer, interesting, and shows the respon-

dent that the first question is connected or related to the study purpose which

has been outlined in the cover letter (Dillman 2007).

Questions that are used to collect information on personal or sensitive

topics (e.g., household income) should be placed near the end of the survey.

The logic behind this placement is that, by the time the respondent reaches this

question, he or she will have already invested time in the survey, is most likely

to realize the importance of the survey, and is interested in the survey topic.

Similarly, questions related to demographics (e.g., gender, marital status)
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should be placed at the end of the survey because typically they are not viewed

by respondents as important (Dillman 2007).

Formatting the survey

Evidence in the literature suggests that respondent-friendly surveys can

improve survey response rate, thereby minimizing nonresponse to survey

questions (Dillman et al. 1993). Elements of a respondent-friendly survey

include ease of completion, avoiding confusion when completing the survey,

and evoking positive or neutral affective responses from the respondent,

compared with a negative response to the survey (Dillman et al. 1993). In

the earlier work by Dillman and Reynolds (1990), and Dillman et al. (1991),

these researchers empirically identified elements of surveys that made them

not respondent friendly. These included multistep folding of paper, inclusion

of multiple inserts in the questionnaire (making the task of survey completion

appear complicated), instructions that were lengthy, complicated, and con-

tradictory, and respondent confusion of where to begin the survey due to use

of multiple graphics.

An effective survey layout in which clear instructions and graphics are

used to guide the respondent through the survey will reduce the chance that

questions or entire sections of the survey will be missed by the respon-

dent (Dillman 2007). When deciding on the survey format, using a booklet

format is the preferred method (Dillman 2007). This format is commonly

used in survey research. Typically, respondents can navigate through them

and respond to questions more easily and with less error, compared with

unconventional formats. Examples of unconventional formats include print-

ing text on both sides of a piece of paper and using a staple in the upper left

corner to hold the pages together, or folding the paper in an unusual manner

that may make the survey appear complicated to the respondent (Dillman

2007). The goal when formatting a survey is to keep it simple, yet profes-

sional. The respondent should not have to spend time trying to figure out the

survey format (e.g., multiple folds) at the same time as he or she is trying to

answer the survey questions (Dillman 2007). Dillman (2007) provides other

examples and pictures of effective survey formats.

Visual appearance of the survey

The researcher should spend time focusing on the visual appearance of the

survey, because this can influence survey response rate (Meadows 2003;

Dillman 2007). One aspect of visual appearance is survey length. Researchers

are often concerned with this, often believing that the shorter the survey the

better. Respondent burden can lead to decreased quality of item responses and

to lower response rates. However, evidence in the literature supports the tenet
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that, if the topic is of interest to the respondent, then using a longer survey will

not affect response rates (Oppenheim 1992;McColl et al. 2001; Dillman 2007).

The question and the response format can be laid out vertically or

horizontally. In a vertical presentation, the response options are listed on

separate lines as a list below the question. With a horizontal presentation,

the response options are listed below the question going from left to right

across the page. Typically, a vertical presentation format is preferred

because it separates the question from the response option and facilitates

data entry (Bourque and Fielder 1995; Meadows 2003). In addition, verti-

cal formats can increase visual appeal because the survey appears neater

(Sudman and Bradburn 1982; Dillman 2007).

The survey should look professional, neat, and organized. This can be

accomplished by judicious use of graphic designs that are professional in

nature. It is important to include sufficient “white space” in the survey

booklet so that the survey does not appear crowded and disorganized.

Text should be written in a standard typeset and font, typically 12 point.

To facilitate ease of reading, it is recommended that font size be not less than

10 point (Meadows 2003). If a researcher is administering a survey to a

sample of older people or to people who are visually impaired, the

researcher should consider increasing the font size (e.g., 14–16 point), as

well as the amount of white space in the survey, to make the survey more

user friendly (Meadows 2003). Use of colored paper for survey printing can

be considered, with the choice depending on the sample and the topic being

studied (Meadows 2003).

Design considerations for modes of survey administration

There are a variety of modes to administer a survey, including self-adminis-

tration, interview, telephone, mail, and electronic. As discussed in Chapter 9,

each of theses modes has advantages and disadvantages. The focus of this

section is on highlighting the survey design issues that should be considered

for different modes of survey administration.

Self-administration

The questionsmust be worded and the survey designedwith clear instructions

so that respondents can easily and accurately complete the survey on their

own. Designing unambiguous questions and response options, using the

appropriate white space, font, and layout, are also critical when a survey

is self-administered. The researcher must carefully consider the cognitive

ability (e.g., reading level) of respondents when using the self-administration

mode. For example, if the reading level of the target population is low, the

researcher may choose to administer the survey using an interview, rather than
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self-administration. As surveys administered via mail and electronic means

are self-administered, they have similar design considerations (Meadows

2003; Fowler 2009).

Telephone survey

If telephone interviewing is used to administer a survey, the researcher must

consider several issues related to questionnaire design and types of data that

can be collected. Visual aids, including pictures and diagrams, used to help

respondents answer questions in self-administered or interview-administered

surveys, cannot be used when a survey is done over the telephone. The

researcher should also pay attention to questions that are sensitive and/or

personal in nature, because itmay bemore difficult to elicit a truthful response

from a respondent over the telephone, compared with an anonymous,

self-administered survey (Meadows 2003; Fowler 2009).

Interview survey

Face-to-face survey administration, also known as personal interviewing,

has many design advantages compared with self-administered surveys, and

to some extent telephone interviewing. As the interviewer is in close prox-

imity to the respondent, a well-trained interviewer can read respondent

cues, e.g., confusion or lack of understanding of a particular question.

Interviewers can clarify respondent questions and survey instructions,

and ask probing questions to clarify responses. To some extent, it can be

easier for the interviewer to establish a positive rapport with the respon-

dent, compared with self-administered survey procedures. This can be

helpful to the interviewer if collection of sensitive and/or personal data

is necessary, as well as the collection of data using longer survey question-

naires (Meadows 2003; Fowler 2009).

Considerations for selecting modes of administration

In selecting the survey mode, consideration should be given to a variety of

issues before the survey is developed, because these issues have an impact on

survey design. The researcher needs to think about the purpose of the study

when making decisions about the survey mode. For example, if a researcher is

interested in studying homeless teenagers’ medication use experiences, a mail

or telephone survey would not help the researcher meet the survey objectives.

Interviewing these individuals would be a better approach. However, if a

researcher wanted to assess the satisfaction of people withmedication therapy

management services at a pharmacy clinic, a telephone- or mail-administered

survey could be appropriate (Meadows 2003).
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The researcher’s access to resources is also a paramount consideration.

Resources include the costs and time related to developing and implementing

the survey, as well as analyzing survey data (e.g., personnel costs). For

example, if a researcher is using a telephone-administered survey, the

researcher must spend time and money to develop and administer the survey,

with often extensive costs associated with training personnel and then paying

them to administer the telephone survey (Meadows 2003).

The researcher must also pay careful attention to access to and character-

istics of the target population. For example, if a researcher is interested in

collecting older people’s opinions about the Medicare Part D prescription drug

benefit at a national level, then interviewing individuals should probably not be

the mode of survey administration. In this example, accessibility to the poten-

tial respondents would most likely be through a mail survey (Meadows 2003).

How the survey is administered can impactmany other things in the survey

research process. Data quality, survey-related error, researcher bias, and

response rates can each be affected depending on how the survey is adminis-

tered (Meadows 2003). For example, a researcher can introduce biases into

the data collection process as they administer a survey over the telephone,

thereby affecting the quality of the data collected.

Survey implementation

Review by an expert panel, pre-testing, pilot testing

After the survey questions have been developed and the survey formatted, the

next step for the researcher is to conduct small-scale tests of the survey. The

first step is to have experts in one’s discipline review the survey – often called

review by a panel of experts. At this stage, content experts provide valuable

feedback on survey content. The panel of experts can also provide comments

about the survey format and ease of completing the survey (DeVellis 2003).

The next steps in the survey design process are to conduct a pre-test of the

survey and then pilot test the survey. These two distinct survey tests are

conducted before full sample survey administration in an effort to work out

any “bugs” that the survey may contain. A pre-test involves administering the

survey to a small group of individuals (n¼ 10–30) who are similar to the

target population for whom the researcher wants to generalize study results.

Pre-test results can help the researcher identify problems with clarity of ques-

tions, response categories, directions, and other problems that may interfere

with respondents completing the survey consistently and accurately. A pilot

test has a similar purpose to a pre-test, but, as it is typically larger in size

(n¼ 100–300), the study instrument can be psychometrically tested (reliabil-

ity and validity analyses), statistical analyses conducted, and survey imple-

mentation procedures tested. The researcher must consider the time, money,
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and personnel resources that will be needed to conduct these tests. Although it

is advisable to conduct both a pre-test and a pilot test, the above-mentioned

constraints have to be considered (Passmore et al. 2002; Meadows 2003;

Czaja and Blair 2005).

Mail survey implementation

Dillman’s (2007) tailored design survey method is considered by many to be

the gold standard of mail survey implementation methods. In brief, tailored

design is a process in which the researcher works to increase respondent trust

and rewards (or perceptions of rewards), and decrease respondent costs

associated with responding to the survey. This is achieved by focusing on

elements of survey design and implementation issues that decrease survey-

related sources of error. For example, the total design method advocates using

multiple contacts with potential respondents, creating respondent-friendly

surveys, using first-class postage stamps on survey return envelopes, person-

alization of all survey contact materials, and use of a token financial incentive

(Dillman 2007). As this is just a brief overview of the tailored designmethod, it

is advisable to consult resources that cover this topic in depth (Dillman 2007).

Elements of the total design method can be used in the survey implemen-

tation process. Dillman (2007) advocates the use of five contacts with

potential mail survey respondents as a technique to maximize mail survey

response rate. Based on principles of the social exchange theory (Thibaut and

Kelley 1959; Homans 1961; Blau 1964; Dillman 2007), the purpose of

multiple respondent contacts is to increase response rate. Therefore, each

contact contains a different message appealing to the respondent to complete

the survey. The first contact is a pre-notification letter, which is typically sent

1week before the arrival of the first survey. This first contact to the respon-

dent is meant to introduce the survey topic to the potential respondent and

emphasize that the individual’s response would be appreciated.

The second mail contact is the survey packet, which is mailed to potential

respondents 1week after the pre-notification letter. The survey packet contains

a cover letter, token incentive, survey, and return envelope. The purpose of the

cover letter is to explain to the respondent in more detail (compared with

the pre-notification letter) what the purpose of the survey is and to emphasize

the importance of the respondent’s individual response. A token incentive,

which can be financial in nature, is typically included with the cover letter.

Based on the principles of the social exchange theory (Thibaut and Kelley

1959; Homans 1961; Blau 1964), financial incentives ranging from US$1 to

US$5 can be used, and have been shown to have a positive impact on response

rates (Dillman 2007). The postage-paid return envelope is the third component

of the survey packet. Using real postage stamps instead of a business reply

envelope (containing postage) shows that the researcher is sending something
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of monetary value to the respondent, which the respondent could potentially

use for another purpose. This can invoke a sense of obligation on the respond-

ent’s behalf to complete and return the survey in the postage paid envelope.

The third mail contact is a follow-up reminder postcard which is mailed to

respondents 1week after the first survey packet has been sent. The follow-up

postcard serves as a reminder for respondents and encourages them to respond

if they have not already done so. Approximately 1–2weeks after the follow-up

reminder postcard has been mailed, the researcher should send a second

survey packet to those respondents who have not completed and returned

the first survey. This fourth contact does not include an incentive, but contains

all the other elements of the first survey packet. The difference is that the cover

letter has a stronger tone and appeal for response, compared with the first

cover letter. Finally, a fifth contact can be done in which nonrespondents are

contacted by telephone or certified mail procedures. Although the repeated

contacts survey implementation procedure has been presented in the context

of self-administered mail surveys, these approaches could be modified to

apply to different modes of survey administration, e.g., electronic surveys.

Reducing survey error

Each mode of survey administration discussed in this chapter is prone to a

variety of errors. Although these errors can never be completely eliminated,

the goal in survey research is to minimize these errors as much as possible.

Minimization of errors in survey research can be accomplished by various

design and implementation strategies.

Sampling and measurement error

Sampling error results from the fact that usually researchers collect data from

a sample of respondents, and rarely the entire population. Random sampling

can help to minimize this type of error (Dillman 2007). Measurement error is

a result of respondents not answering survey questions with consistency and

accuracy, which can lead to responses that are not comparable in a meaning-

ful way with other respondents’ answers (Dillman 2007). Reliability and

validity analyses are two methods that can be used to assess measurement

error in survey research. Measurement error can be reduced by spending

time and effort on question development and survey formatting to create a

respondent-friendly survey. Review of the survey by a panel of experts, pre-

testing, and pilot testing can all be used to help identify measurement issues,

thereby minimizing this type of error (Dillman 2007).

Coverage error

Survey research is susceptible to coverage error, which results when there are

errors in the sampling frame or list of the individuals to be sampled, such that
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each individual in the population does not have an equal chance of being

sampled (Dillman 2007). For example, if a researcher is conducting a

telephone-administered survey and the sampling frame is drawn from the

telephone book, coverage error could result because the people who do not

have a home/landline telephone will not be listed in the telephone book. These

people have no chance of being included in the sampling frame, so cover-

age error becomes problematic. Researchers need to do their homework to

be knowledgeable about how the sampling frame is generated. Having this key

piece of information will help the researcher to assess the impact, if any, of

coverage error. Coverage error can have a profound impact on the researcher’s

ability to generalize the survey results to the target population (Dillman 2007).

Nonresponse error

Nonresponse error occurswhen the individualswho respond to a survey differ

from those who do not respond to a survey, with respect to a characteristic(s)

that is important in understanding the research question(s). Any time the

researcher obtains a survey response rate of less than 100 percent, nonre-

sponse error exists. This error becomes increasingly problematic in studies

involving lower response rates (Dillman 2007). Creating a respondent-

friendly questionnaire can help to reduce nonresponse error. Also, choosing

an easy and interesting first question can help to “hook” the respondent into

completing the survey, which can help minimize nonresponse error. Careful

attention to survey implementation, as discussed previously with the concept

of multiple respondent contacts, can have the greatest effect on increasing

response rate, thereby reducing nonresponse error (Dillman 2007).

Preparing data for analysis

After data are collected, the data filemust be prepared for data analysis so that

the results can be generated. After surveys are returned from respondents,

typically the date returned and an identification number are marked on the

survey. The identification numberwill be used to enter the survey information

into a database for analysis. If a second survey is to be sent to initial non-

responders, the identification number will also serve as a means of identifying

which individuals have andwhich have not responded, before a second survey

packet is mailed (Williams 2003; West 2007).

A researcher must assess the surveys for completeness of survey responses

in order to determine whether or not the survey can be used for data analysis.

He or she should set guidelines for determining what constitutes a “useable”

number of responses. This is determined based on the number of total ques-

tions in the survey, as well as the relative importance of the survey item to

answering the research question(s). Researchers can use various methods of

replacing missing data (e.g., means, modes, or predicting the missing value
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using a regression model) (Downey and King 1998). However, one must keep

in mind that there is a balance between inputting a few versus many missing

data points.Maintaining the integrity of the datasetmust be at the forefront of

a researcher’s decision-making process.

After data entry into the database is complete, the next step in the data

preparation process is referred to as data cleaning. During this process, data

are examined to identify incorrect data entry. To clean the data, frequency

counts can be run on all items to check for inaccuracies. For example, if a

survey question used a response scale from 1 to 5, and a response of 7 was

found upon running a frequency check for that particular question, the

researcher would examine the survey to see where the error occurred and

make the correction. Although time and personnel intensive, in some cases a

double-data entry method of entering survey data into a database can be

employed. After two individuals have completed data entry, the data entry

is checked for points of incongruence. Although data cleaning can be a

time-intensive process, it is well worth the time investment to ensure that

the data entry process is as error free as possible and the researcher can be

confident of the integrity of the dataset (Williams 2003; West 2007).

The process of converting survey data into data that can be statistically

analyzed is called data coding (Williams 2003). If respondents are asked to

choose a number from a response scale (e.g., the Likert scale) to answer a

close-ended survey question, then the numeric value chosen by the respon-

dent can be entered into the computer database. If respondents are asked to

choose responses from categories, the categories must be assigned a number

that can subsequently be recorded in the database. The researcher should

consider how the data will be coded even at the survey design stage

(Williams 2003; West 2007). An example of this concept would be for

the researcher to assign numbers to the response categories associated with

a survey question and place this directly on the survey. These numbers will

subsequently be linked to variables in the database. After data are collected,

the researcher can use these codes to enter data in a database for statistical

analysis (Williams 2003; West 2007).

The preparation of a codebook is essential to accurate data record keeping

and interpretation of results. A copy of the survey, either paper or electronic,

can be used to develop the codebook by using the numeric values or codes

assigned to each survey question. The codebook can serve as a reference for

personnel who are responsible for data entry to ensure consistency of data

entry, as well as the researcher during the data analysis and interpretation

process. It is advisable for the researcher to consult a biostatistician when

establishing the codebook, because these coding decisions are directly related

to data analysis. In addition, it is important to test the usability of the

codebook during the pre-test and pilot test phases to work out any problems

before the full-scale study is conducted (Williams 2003; West 2007).
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Summary and conclusions

This chapter has introduced important concepts for effective survey design

and implementation. An understanding of these concepts is essential for

researchers using surveys to collect data in the pharmaceutical practice and

policy domain. Survey design focuses on the importance of question devel-

opment, choice of response scales, and formatting the survey. Another

important aspect of the survey research process is selecting how the survey

will be administered, which is related to the survey design process. Finally,

effective survey implementation and data preparation are needed to use the

survey to collect and analyze the data necessary to answer the study research

questions.

In conclusion, an astute researcher will spend the necessary time think-

ing about and defining research questions, and selecting the appropriate

data collection method to answer these questions. If a survey is the method

chosen by the researcher to answer the research questions, then he or she

should remember this important take-home message: designing surveys is

much more than writing questions, putting them on paper, and adminis-

tering them to respondents. It is a process and a series of decisions that must

be carefully planned and implemented. When the researcher invests the time

on these aspects of the research process, it will pay multiple dividends in

terms of the quality of data obtained and the scientific contributions to our

discipline.

Review questions

1 What are some of the challenges associatedwith developing new survey

questions compared with using existing survey questions?

2 What are the differences between open-ended and close-ended

questions in terms of researcher control and the type of data collected?

3 What are the main attributes of the response scales discussed in the

chapter? Can you think of examples that you have used orwould like to

use in your own research projects?

4 What are the main issues that the researcher must address when for-

matting a survey?

5 What are the different modes of survey administration and related

survey design issues?

6 What types of error should you consider when you are designing and

implementing a survey? How can you use design and implementation

strategies to minimize these sources of error?

7 What are the steps that need to be completed by the researcher to

prepare data for analysis?
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11
Statistical analysis

John P Bentley

Chapter objectives

* To describe common statistical terminology
* To explain descriptive and inferential statistics
* To understand criteria for selecting statistical tests
* To describe the use of a variety of statistical techniques

Introduction

Scientists have access to many different sets of tools to help them make

sense of the world; one of those is the statistics toolbox. All scientific

disciplines have benefited from the application of statistical methods. The

intent of this chapter is to provide the reader breadth of coverage, rather

than depth, of the many different types of statistical techniques. Some

terminology necessary to understand the framework used in this chapter

is initially reviewed; however, no attempt is made to replace an introduc-

tion to statistics provided in numerous textbooks. The approach taken is to

encourage the reader to consider the many options available and to begin to

understand how decisions are made with respect to choosing a particular

statistical technique.

The purpose and function of statistics in research

Most authors differentiate between two functions served by statistics: descrip-

tive and inferential. Descriptive statistics is generally concerned with orga-

nizing, tabulating, summarizing, depicting, or describing data, essentially

reducing a large quantity of data to a manageable (and useable) form.

Examples include measures of central tendency, variability, and correlation.

In general, the collection of data from all members of a given population (i.e.,

a census) is not plausible. Thus, scientists are interested in drawing valid

conclusions about a population based on information contained in a sample
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from that population. This is the realm of inferential statistics and the primary

focus of this chapter.

There are two general activities of statistical inference: estimation and

hypothesis testing. Estimation is concerned with providing a specific value,

the estimate, thought to be a good approximation of an unknown population

parameter such as the population mean, proportion, difference in two popu-

lation means, or regression coefficient (i.e., point estimation), and associating

with this estimate a measure of its variability, usually taking the form of a

confidence interval for the parameter of interest (i.e., interval estimation). The

other aim of statistical inference, hypothesis testing, is concerned with aiding

decision makers to draw a conclusion about a hypothesized value of an

unknown parameter. As most introductory statistics books note, these two

functions are really not all that different because one may use a confidence

interval to arrive at the same conclusion reached through hypothesis testing.

Most of the techniques discussed in this chapter use both functions of

inferential statistics, estimating population parameters and testing hypothe-

ses, such as whether a given variable significantly improves the prediction of

another variable while mathematically adjusting for a set of other variables. It

is important to note that the methods associated with hypothesis/significance

testing are not without controversy (Harlow et al. 1997; Nickerson 2000).

Despite the controversy, hypothesis testing continues to be widely reported in

the scientific literature.

Some important concepts

Types of research studies

Previous chapters have discussed different types of study designs including

experimental and nonexperimental (sometimes called observational) designs.

In an experimental study an experimenter is able to determine the levels

(conditions) of at least one independent variable (IV) and has control over

how participants are assigned to the levels, usually through some type of

randomization process. Experimental studies with randomization are usually

considered the gold standard with respect to establishing causal effects

(although not all agree, e.g., Heckman 2005).

The importance of this distinction is not that it is a major determinant of

the choice of statistical technique (Tabachnick and Fidell 2007). Indeed, most

of the techniques discussed in this chapter can be applied to data from either

experimental or observational studies (statistical software does not “know”

whether a variable was manipulated). However, the confidence attached to a

given result is usually associated with the study type.

Often it is difficult or even impossible to implement a randomized con-

trolled experiment to study a causal effect of interest. This may be because of
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ethical issues or cost considerations, or because the findings of an experiment

may be difficult to generalize to other populations or settings. Researchers in

these situations may be required to use nonexperimental designs, yet may

desire to go beyond descriptive statements about the association between two

variables and make statements about cause–effect relationships. Both statis-

ticians and econometricians have spent a great deal of effort attempting to

devise methods for estimating causal effects from nonexperimental data. In

essence, attempting to control or adjust for confounders, or variables, related

to the IV of interest, and also causally related to the outcome. Confounders

can (falsely) obscure or accentuate the relationship between the focal IV and

the outcome. Techniques include those that attempt to control for variables

that have beenmeasured or observed (e.g., multivariable adjustment, see Katz

[2003]; propensity scores, see Rubin [1997]) and those that attempt to also

control for unmeasured confounders (e.g., fixed effects regression methods

for longitudinal data – see Allison [2009]; instrumental variables estimation –

see Grootendorst [2007]). A review of these methods is beyond the scope of

this chapter (see Wunsch et al. [2006], Schneeweiss [2007], and Normand

[2008] for more information), but it is important to recognize that the tech-

niques discussed in this chapter are explicitly utilized in the implementation of

these methods. For example: multivariable adjustment with a continuous

outcome variable is a simple application of linear regression; propensity

scores methods typically utilize the technique known as logistic regression;

and instrumental variable estimation is often conducted with a variation of

regression known as two-stage least squares regression.

Classification of variables

The choice of statistical technique is strongly influenced by the type of vari-

ables that one is studying, so it is important to consider methods used to

classify variables. One common method for variable classification, discrete

versus continuous, pertains to the values that can be assigned to a variable. A

discrete variable is characterized by gaps in the values that it can assume.

Examples include sex, the number of visits to an emergency room (sometimes

called a count variable), and response to treatment measured as excellent,

good, fair, or poor (sometimes called an ordinal variable). Some use the terms

“qualitative” or “categorical” for a discrete variable. A continuous variable

does not possess the gaps characteristic of a discrete variable and can take on

any value within a defined range (Tabachnick and Fidell 2007). Examples

include blood pressure, temperature, and height. A “quantitative” variable

can be used to describe a continuous variable. Discrete variables can some-

times be treated as continuous variables when analyzing data. In addition,

continuous variables can be collapsed into discrete variables by specifying cut-

off values on the continuous scale. This can sometimes be useful when there
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are meaningful cut-off values, but in other situations it can lead to substantial

loss of information.

Another related classification scheme addresses the level of measurement

associated with a variable (i.e., nominal, ordinal, interval, ratio). This scheme

is described in Chapter 4 and provides more information than the discrete–

continuous dichotomy. However, there is substantial overlap. For example,

a nominal variable must be discrete and interval variables are usually treated

as continuous (although there are exceptions such as count data, which are

best conceptualized as interval and discrete). The distinctions between and

within these categorization schemes can be fuzzy (Norman and Streiner

2008), but nevertheless they serve a useful purpose in aiding the researcher

in selecting an appropriate technique for data analysis.

A third method of variable classification is according to their conceptual

relationships, i.e., the variable is conceptualized as an IV, dependent variable

(DV), or control variable (sometimes called a covariate, extraneous variable,

or nuisance variable). This classification depends on the context of the study,

rather than some inherent mathematical structure of the variable (Kleinbaum

et al. 2008). IVs can be set to a desired level (i.e., the treatment in an exper-

imental design) or observed as they occur in a sample. Nominal variables

that are IVs are called factors (especially in the context of experimental

design) and the different categories of a factor are called levels. In any given

study, there may be variables that affect relationships of other variables,

but they generally are not the focal interest of the study. These variables are

called control variables.

One other useful classification scheme differentiates between latent and

manifest variables. Although there is some disagreement (Bollen 2002), per-

haps the most straightforward definition of a latent variable is provided

by Skrondal and Rabe-Hesketh (2004):

A latent variable [is] a random variable whose realizations are hidden

from us. This is in contrast to manifest variables where the realizations

are observed.

This distinction is probably most widely recognized in the social sciences,

most notably in psychology, where latent variables are thought of as hypo-

thetical constructs measured by multiple observed (manifest) indicators

(implemented through the techniques of confirmatory factor analysis and

structural equation modeling). For example, self-esteem, personality, and

quality of life are hypothetical constructs that are measured indirectly by

using observed responses to a set of questions. However, latent variables

are used in a wide variety of applications and disciplines (although often with

different names and terminology) (see Skrondal and Rabe-Hesketh [2004] for

an overview). A brief review of some of the techniques that utilize latent

variables is presented in a subsequent section.

182 | Research Methods for Pharmaceutical Practice and Policy



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 11 Dated: 28/9/2010 At Time: 15:55:21

A classification of statistical techniques

Classification criteria

A number of authors have presented classification frameworks for statistical

techniques (e.g., Hair et al. 2006; Tabachnick and Fidell 2007). Techniques are

often grouped according to the research question addressed by the analysis.

Although the questions in such frameworks can be numerous, a simple way of

grouping techniques by research question is whether the technique can be

classified as a dependence or an interdependence technique (Hair et al. 2006).

Dependence techniques involve the prediction or explanation of a variable (or

set of variables, i.e., DVs) by another variable or variables (i.e., IVs).

Interdependence techniques do not define variables as being independent or

dependent; rather these procedures examine all variables concurrently, often

focusing on the underlying structure among either the variables or the entities

(often individual participants) that produced the values on the variables.

Although this is a useful distinction, aspects of dependence and interdependence

can be combined in a single analysis.

In addition to the research question addressed by a technique, other

information that is helpful in organizing statistical techniques includes:

(1) the number and type of DVs (i.e., continuous vs discrete); (2) the number

and type of IVs; (3) the consideration of IVs as control variables; (4) the

inclusion of latent variables in the analysis; and (5) the presence of corre-

lated data.

Description of statistical techniques using the classification criteria

In addition to statistics, scientists conducting research related to pharmaceu-

tical practice and policy also employ techniques developed by the disciplines

of biostatistics, econometrics, and psychometrics. Biostatistics and economet-

rics have applied standard statistical methods to their respective content fields

(i.e., medical/health sciences and economics, respectively), but each also has

advanced statistical theory and methods by addressing issues and concerns

specific to its discipline (statisticians and econometricians do not always see

eye to eye, e.g., Heckman 2005). Psychometrics, with its focus on educational

and psychological measurement, has also applied and extended statistical

methods, especially with respect to latent variable measurement and model-

ing. The following section introduces the tools developed by these disciplines

in addition to the discipline of statistics, which are relevant to scientists who

conduct pharmaceutical practice and policy-related research. Inevitably some

techniques are excluded due to a limitation of space. For example, mostly

missing from this chapter are a number of techniques falling under the general

category of nonparametric or distribution-free statistics (Siegel and Castellan

1988; Higgins 2004).
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Dependence techniques

Regression

There are many varieties of “regression analysis.” Use of the unqualified term

“regression” usually refers to linear regression with estimation performed

using ordinary least squares (OLS) procedures. Thus, linear regression anal-

ysis is used for evaluating the relationship between one or more IVs (classi-

cally continuous, although in practice they can be discrete) and a single,

continuous DV. As described elsewhere (e.g., see Muller and Fetterman

[2002]), linear regression belongs to the general linear model (GLM) family

of models.

Simple regression is used for the case of a single IV, whereas multiple

regression refers to the case of more than one IV. When using multiple

regression, researchers have the option of using computer-implemented, sta-

tistically based algorithms to aid in the addition and/or deletion of predictors

from a regression model (often called variable selection procedures, such as

stepwise regression). Although these techniques can be useful and informa-

tive, especially when used cautiously for purely predictive research or for

exploratory research, they have limited application in theory-driven research,

where order of entry of variables into a regression equation should be deter-

mined on theoretical grounds (researcher specification of a prior sequence for

predictor variables is sometimes referred to as sequential or hierarchical

regression). Multivariate regression implies the presence of multiple DVs,

all continuous.Multivariate regression analysis can be viewed as path analysis

or structural equation modeling with observed variables only (Raykov and

Macoulides 2008), techniques to be addressed later. Such an analysis can also

be performed using a technique called seemingly unrelated regression (SUR)

(Beasley 2008).

There are a number of considerations when using linear regression, many

of which revolve around the assumptions necessary for valid estimation and

inference. The problems associated with assumption violations have led to

the development of other techniques to address such violations. A full review

of the GLM assumptions including violation detection, consequences, and

remedies is beyond the scope of this chapter. However, there are excellent

treatments of these topics, some more technical than others, in many different

sources (e.g., Fox 1991; Muller and Fetterman 2002; Cohen et al. 2004;

Kleinbaum et al. 2008).

Two other issues related to regression analysis deserve some consider-

ation: (1) linear versus nonlinear models and (2) limited dependent variable

models. One might hear the recommendation to use a nonlinear model. It is

important to clarify what is meant by nonlinear. Several techniques falling

under the category of generalized linear models (GzLMs, e.g., logistic, probit,
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and Poisson regression) are actually nonlinear regression models. These

models involve the use of DVs that are discrete rather than continuous. In

the context of linear regression, nonlinear may refer to the use of polynomial

regression, where polynomial functions of predictors (e.g., X2) are used in

an attempt to estimate a nonlinear relationship between X and Y. The non-

linearity is in the predictors rather than in the parameters, so linear regression

procedures can be used when polynomials are added to a regression equation

(there are other considerations when conducting this type of analysis,

see Cohen et al. [2004] and Kleinbaum et al. [2008]). Nonlinear transforma-

tions (e.g., logarithmic transformation) are also commonly used to linearize

relationships, allowing for the use of linear regression procedures following

transformation (although there may be some issues regarding interpretation).

A nonlinear model may also refer to a model that is truly nonlinear in the

parameters (referred to as intrinsically nonlinear such that the model cannot

be linearized by transformation). These models require the use of nonlinear

regression to estimate the coefficients. An example is certain types of expo-

nential growth and decay models:

Y ¼ b0þb1½expð�b2XÞ�þE

Econometricians often use the term “limited dependent variables” to

describe DVs that are limited in their range. Binary variables, count variables,

and ordered responses are all examples of limited DVs. Techniques to address

these situations are described later. Other mechanisms that restrict the range

of DVs include censoring when truncation. Censoring occurs when the DV is

set to some arbitrary value and the variable is beyond the censoring point

(Baum 2006). In a cross-sectional survey on annual prescription drug pur-

chases by individuals, those who made no purchases are censored at zero.

Limits of measurement can also create censored data. With censored data,

there are no observed values of the DV for those with values beyond the

censoring point, but there is information about the predictor variables (cen-

soring is also important in survival analysis). With truncation, neither the DV

nor the IVs are observed for those with DV values that lie in the truncation

region. Revisiting the prescription drug-purchasing scenario, data would be

available from purchasers and nonpurchasers if collected in a cross-sectional

survey. However, if data were collected from pharmacy sales records, they

would include only purchasers and the data would be truncated.

Using OLS regression with such data, either truncated or censored, can

create problematic estimates. Tobit regression was developed for censored

data, whereas truncated regression models are available to address truncated

data (Long 1997; Kennedy 2003; Baum 2006). It is also possible to use

Heckman selection models with censored data (Kennedy 2003; Baum 2006).
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Logistic regression and probit regression

Both logistic regression and probit regression are regression models used with

discrete outcomes, classically a binary DV (i.e., dichotomous). Predictor

variables can be continuous or discrete. They are both examples of GzLMs,

of which the GLM is a special case. The difference between probit regres-

sion and logistic regression is technically what is called the link function;

logistic regression uses the logit link function (natural log of the odds)

whereas probit uses the probit link (related to the standard normal cumu-

lative distribution function). The techniques often produce similar results

and the decision about which to use may depend on the discipline in which

the research was conducted and the desired interpretation of the parameter

estimates. For example, probit is commonly used by toxicologists and to

analyze dose–response data whereas logistic regression is popular among

medical researchers and epidemiologists (it can be used to estimate odds

ratios [an approximation to risk ratios] even from case–control studies)

(Agresti 2007).

Both probit regression and logistic regression can be generalized to the

cases of a response variable with three or more categories and when the

response variable is ordered categories (i.e., ordinal response). Multinomial

(polytomous) logistic regression and multinomial probit regression are used

when a nominal DV has more than two categories. Ordinal logistic regression

(also called ordered logit) and ordered probit regression are used when the

categorical response categories are ordered.

Poisson regression

Poisson regression is another example of a GzLM and similar to logistic

regression it is designed to analyze discrete data. It is used when the DV is a

count variable, rather than a nominal or ordinal variable. Count data are

quite common, especially in health-related research. The number of seizures

in patients with epilepsy is an example of a count variable. Poisson regression

is also referred to as a log-linear model. Overdispersion, having data exhibit

greater variability than expected, is sometimes a problem when using Poisson

regression. One alternative when this occurs is negative binomial regression,

an extension of Poisson regression that better captures overdispersion (Agresti

2002).

Poisson regression is often used to model rate data, such as when an event

occurrence is assessed over time or some other index of size, such as the

number of cases of respiratory illnesses in a group of infants where each infant

may be followed for a different length of time. Suchmodels include something

called an “offset” to account for different denominators in the rates (such as

different observation periods in the previous example).
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Zero-inflated and zero-truncated models are also available for both

Poisson and negative binomial regression. Zero-inflated models can be used

to address situations where there are excess zeroes in the data and zero-

truncated models are used when the number of occurrences of an event is

restricted to be positive. More information about these models is available

in Long (1997).

Analysis of variance

In general, analysis of variance (ANOVA) involves assessing how one

or more nominal IVs affect a continuous DV. The IVs in an ANOVA can

be experimentally manipulated or intrinsic to the participants. ANOVA is

strongly associated with the analysis of data from experimental designs.

The typical use of ANOVA involves the comparison of several population

means. When the focus is on a single IV, it is referred to as one-way

ANOVA. The t test is a special case of a one-way ANOVA, a special case

of multiple regression, which is a special case of the GLM. Almost any

ANOVA model can be represented by a regression model using dummy

variables.

A research design with two or more categorical IVs (factors), each studied

at two or more levels, is called a factorial design. The situation of two IVs is

called a two-way factorial design (higher-order designs with more factors

are possible, but more difficult to interpret). Factorial designs allow for the

assessment of whether the IVs are interacting with each other. An interaction

occurs when the mean differences among the levels of one IV are not constant

across the levels of the other IV. Or, more generally, an interaction is said to

occur when the relationship between one IV and the DV depends on the value

of the other IV.

Another important distinction when discussing ANOVA is whether the

factor of interest is a between-participants factor or a within-participants

factor. Factors in which each participant is measured at only one level of

the IV are called between-participants factors. It is also possible that each

participant is measured more than once (i.e., is exposed to multiple levels

of the IV or is measured at multiple time points); such a factor is called a

within-participants factor. Designs that have only within-participants fac-

tors are called within-participants designs (or repeated-measures designs).

Repeated-measures ANOVA can be used to analyze such data, but other

techniques are available.

Analysis of covariance

In general, analysis of covariance (ANCOVA) involves evaluating how

one or more nominal IVs affect a continuous DV adjusted for the presence
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of control variable(s) called covariates (which are usually continuous). As

with ANOVAmodels, ANCOVAmodels can be represented by a regression

model by using dummy variables for the categorical IVs. ANCOVA is

typically used to (1) reduce or eliminate systematic bias and (2) increase

statistical power by removing variability from the error term.

It is possible to use a covariate in the cases of multiple IVs, called factorial

ANCOVA, and it is also possible to use multiple covariates in an analysis.

These are basic extensions of one-way ANCOVA with one covariate.

ANCOVA is a frequently misused and abused technique, often applied with

the hope that a quasi-experimental design can be made into an experimental

design (e.g., see Miller and Chapman [2001] for a discussion of the

issues). Myers and Well (2003), Keppel and Wickens (2004), and Maxwell

and Delaney (2004) are excellent sources for a variety of ANOVA and

ANCOVA applications.

Multivariate analysis of variance

Multivariate analysis of variance (MANOVA) is the multivariate extension of

the univariate technique, ANOVA. In ANOVA, a single DV is tested for

equality across the groups that comprise the IV. In the multivariate case, a

variate (a linear combination of the multiple continuous DVs) is tested for

equality. It is also possible to add additional IVs. With a single DV this is

factorial ANOVA; with multiple DVs, this is factorial MANOVA.

MANOVA can also be used with one or more covariates (this is called

MANCOVA). Most multivariate statistics textbooks offer extensive treat-

ments of MANOVA.

Discriminant function analysis

Discriminant function analysis (DA) is usedwhen the DV is discrete and the IVs

are continuous. The single DV can have two or more categories. DA can be

used to describe group differences on the basis of the attributes (the IVs) of

participants and to develop a rule that can be used to classify participants based

on their IV scores (and potentially those with unknown group membership).

DA and logistic regression can be used when the basic research question

involves the prediction of group membership. They produce similar results

when basic assumptions are met. Logistic regression has fewer assumptions

and tends to be more robust to assumption violations than DA. Logistic

regression can also accommodate discrete predictors whereas the basic assump-

tions of DA require continuous IVs (although it may be possible to relax this

assumption when using DA for classification). Many researchers prefer logistic

regression over DA because of its similarities to linear regression, including its

statistical tests, incorporation of dummy variables, and the availability of many
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diagnostic procedures (Hair et al. 2006). However, when there are more than

two groups, DA offers a certain richness with respect to interpretation.

There are many similarities between MANOVA and DA, although math-

ematically they are the same. DA is MANOVA turned around (Tabachnick

and Fidell 2007); the IV in MANOVA (a grouping variable) becomes the DV

in DA and the DVs in MANOVA (the continuous variables) become the

predictor variables (i.e., the IVs) in DA. The difference between the two

techniques lies in the direction of inference (and in a few other areas of appli-

cation and interpretation, such as classification). If group differences are

noted in MANOVA, the set of variables predicts group membership in DA.

Canonical correlation

Canonical correlation involves assessing the relationship between two sets of

variables, a set of continuous DVs and a set of continuous IVs. When per-

forming canonical correlation, linear combinations of the two sets of vari-

ables are developed that lead to the highest correlation between the two sets.

For example, an educational researchermight assess the degree of relationship

between a set of college performance variables and a set of precollege achieve-

ment variables. Both canonical correlation and multivariate multiple regres-

sion involve multiple continuous IVs and DVs and, although there are some

differences in the objectives of the techniques, there are aspects of these two

analyses that are mathematically equivalent (Lutz and Eckert 1994; Rencher

2002). Canonical correlation analysis is the most general of the multivariate

techniques; multiple regression,MANOVA, discriminant analysis, and others

are special cases of it (Tabachnick and Fidell 2007).

See Table 11.1 for a summary of the dependence techniques discussed

thus far.

Conjoint analysis

The purpose of conjoint analysis is to determine the contribution of variables

(and their levels) to individuals’ judgments or choices. Although conjoint

analysis has its roots in mathematical psychology (Luce and Tukey 1964)

and econometrics (McFadden 1974), it has seen its greatest applications in

marketing research, where, in general, it has been used to assess customer

value for various attributes of products or services.

In determining the relative contribution of attributes on judgments or

choices, conjoint analysis utilizes a decompositional approach, in which

respondents provide their overall evaluations (ratings, rankings, or choices)

of a set of profiles that are constructed by the researcher by combining levels

of different attributes (IVs in the language of experimentation) (Green and

Srinivasan 1978). Profiles supplied to respondents are constructed in such a
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manner as to allow the importance of each attribute and each level of each

attribute to be determined from the respondents’ overall responses (Hair et al.

2006). Conjoint analysis can also be used to predict the demand for a product

or service with given attributes (Hair et al. 2006).

There are different conjoint methodologies, including the traditional

methodology which relies on ratings and rankings, choice-based conjoint

analysis which is used for discrete choice modeling, and adaptive conjoint

analysis which is used when there are many different attributes under study.

Use of conjoint analysis in healthcare is quite prevalent as researchers have

attempted to understand how patients and others value aspects of not only

healthcare services and products but also their health. Overviews of conjoint

analysis and discrete choice experiments and their applications to healthcare

can be found in Ryan and Farrar (2000) and Ryan and Gerard (2003).

Path analysis

Path analysis (PA) is an extension of multiple regression in which a system of

simultaneous equations among observed (or manifest) variables is modeled.

Thus, there may be multiple DVs, IVs, and other variables known as inter-

vening variables that transmit some or all of the effects of an antecedent

variable to a subsequent variable (this intervening variable effect goes by

names such as mediation effect, indirect effect, and intermediate outcome

effect). In most applications of PA, the effects are unidirectional; however,

it is possible to incorporate feedback loops (reciprocal causation). These

models are examples of nonrecursive models, and the analysis and the inter-

pretation are sufficiently more difficult than recursive models (see Kline

[2005, 2006] for a discussion).

Table 11.1 Summary of several dependence techniques

Number and type of independent variables

Number and type of
dependent variables

Discrete X

(can be multiple)
Continuous X
(can be multiple)

Discrete and
continuous Xs

Single discrete Y Chi-squared tests Logistic regression

Probit regression

Poisson regression

Discriminant analysis

Logistic regression

Probit regression

Poisson regression

Single continuous Y ANOVA (linear

regression)

Linear regression ANCOVA (linear

regression)

Multiple continuous Ys MANOVA Canonical correlation

Multivariate

regression

MANCOVA
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Researchers using PA are guided by theory when constructing the model

relating the variables of interest. PA then allows for an estimation of presumed

causal relationships among variables. This has led some to refer to it (as well

as the more general technique of structural equation modeling) as causal

modeling. This has generated considerable discussion in the literature, espe-

cially as PA (and structural equation modeling or SEM) are usually (although

do not have to be) applied to data collected through observational studies. It

is possible to assess how well the proposed model fits the data. Poor fitting

models can be rejected, but, if the model and the data are consistent, all that

can be said is that there is evidence to support the theoretical model proposed

by the researcher; it does not prove that the proposed model is correct.

Structural equation modeling

PA is really a special case of SEM. Indeed, many of the techniques discussed

so far, including multiple regression and ANOVA, are special cases of SEM.

SEM is one of the most widely used statistical methodologies in the social

sciences. The general topic of SEM is so vast that it is difficult to structure a

paragraph or two discussing its applications. Numerous books and journal

articles addressing general SEM use, as well as specific issues, have been

published. Traditionally, SEM can be thought of as a “melding of factor

analysis and path analysis into one comprehensive statistical methodology”

(Kaplan 2009). Thus, with SEM it is possible to estimate path models (called

structural models) that involve latent variables. Such analyses have the advan-

tage of potentially correcting for the adverse effects of measurement error

(i.e., relationships among latent variables will be disattenuated for measure-

ment error). In addition to fitting structural models with latent variables,

traditional coverage in SEM books and courses typically includes PA (struc-

turalmodels with observed variables only), confirmatory factor analysis (used

to evaluate measurement models, which link latent variables to manifest

variables), andmultiple-group analyses (which can be used to assess measure-

ment invariance, interaction effects, and differences in latent variable means

between known groups).

A number of more advanced structural equation models can be utilized

with longitudinal data. Admitting models for categorical latent variables into

the SEM framework adds a number of interesting applications. Finally, work-

ing with categorical manifest variables has also extended the tools available

to SEM users.

Survival analysis

Survival analysis is actually a group of “statistical methods for studying the

occurrence and timing of events” (Allison 1995). Inmedical settings, the event
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of interest is often death, which is why this technique is commonly referred to

as survival analysis. More generally, the class of techniques is referred to as

time-to-event analysis and goes by different names in different academic

disciplines such as duration modeling (economics), event history analysis

(sociology), and reliability or failure time analysis (engineering) (Allison

1995; Kennedy 2003). Although the event is typically labeled as a failure,

survival analysis can be used to study time to event for just about any out-

come, positive or negative (e.g., graduation, child birth). A key feature with

time-to-event data is that events will not necessarily have occurred for the

entire sample, meaning that the full survival time is not known for some

individuals, a problem known as censoring. Survival analysis techniques are

designed to address censoring.

Survival analysis techniques can be classified as continuous-time methods

and discrete-time methods. In general, discrete-time methods are used when

the events can occur only at specific moments (e.g., researchers know only the

year in which an event occurred, such as in a study of turnover among

teachers, as most teachers who quit leave at the end of the school year).

Discrete-time methods often rely on techniques for binary DVs, such as

logistic regression and probit regression (Allison 1995). There are a variety

of continuous-time methods. The Kaplan–Meier (KM) method is a nonpara-

metric procedure for estimating what is called a survivor function. Plots of

KM survival curves for treatment and control groups are very common in the

medical literature. Parametric regression models for censored survival data

include accelerated failure time (AFT) models such as the exponential and the

Weibull models, and allow researchers to estimate parameters describing the

relationship between predictors and time to the event. Finally, semi-paramet-

ric models, generally known as Cox’s regression models (proportional

hazardsmodels), can domany of the same things as the parametric procedures

(and more) but without having to choose a particular probability distribution

to represent survival times.

Survival analysis methods continue to expand because this is an active area

of statistical research. Inclusion of time-dependent covariates, themodeling of

competing risks, evaluating multiple (or repeated) events, and evaluating the

predictive ability of survival analysis models are topics that continue to

receive attention from statisticians and applied researchers. There are many

resources available to learnmore about survival analysis, including Singer and

Willett (2003) and Hosmer et al. (2008).

Time-series analysis

Time-series data represent data for a single entity (could be a person, a firm, a

county, a country, etc.) collected repeatedly over many periods of time. This is

in contrast to data collected from multiple entities at multiple time points
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(referred to as panel data and other names). Both represent situations of

correlated data; the second is discussed later. Time-series analysis has roots

in both the statistics literature and the economics literature (Kennedy 2003),

and can be used to create forecasts (i.e., predicting future values), test for

seasonality and other trends, examine the effects of an intervention (such as a

new policy, natural event), and explore the relationship of two (or more)

variables measured over time. The techniques used in time-series analysis

are many and varied, and include autoregression, distributed lag models,

autoregressive distributed lag models, autoregressive integrated moving aver-

age (ARIMA) models, and vector autoregression (VAR), which extends the

univariate autoregression model to the case of multiple variables. Most

econometric textbooks cover time-series analysis and forecasting. A review

of some of these techniques written for social scientists is provided

by Tabachnick and Fidell (2007).

Interdependence techniques

Factor analysis

Factor analysis attempts to define the underlying structure among a set of

variables. It is commonly used in the development and refinement of mea-

surement scales. Exploratory factor analysis (EFA) is “an inductivist method

designed to discover an optimal set of factors, their number to be determined

in the analysis, that accounts for the covariation among the items” (Skrondal

and Rabe-Hesketh 2004). Any indicator (i.e., variable, item) may be associ-

ated with any factor. There is no prior theory about the underlying structure.

With confirmatory factor analysis (CFA), theory is used to guide the

construction of a measurement model (i.e., specifying the number of factors,

which measured variables load on which factor). SEM is usually used to

conduct CFA by assessing the fit of proposed measurement models. With

factor analysis, not only are the latent variables assumed to be continuous,

but so are the manifest (or indicator) variables. The use of categorical (or

discrete) indicator variables has been the subject of much debate and research

in the SEM and measurement literatures. CFA with the categorical indicators

is referred to as item response theory (IRT) analysis (also called latent trait

analysis) (Takane and de Leeuw 1987; Kamata and Bauer 2008). The latent

variable in an IRT analysis remains continuous. IRT (also called latent trait

theory) has a rich history (Embretson andReise 2000). Although there is some

disagreement, Rasch models can be considered a subset of IRT models.

Revisiting EFA, there is technically a difference between factor analysis

and another technique commonly discussed under the factor analysis

umbrella – principal components analysis (PCA). With PCA, all of the vari-

ance in the observed variables is analyzed, but with factor analysis only
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common or shared variance is analyzed. In addition, factors are thought to

“cause” observed variables, whereas components are simply aggregates, or

linear combinations, of correlated observed variables. The variables are the

“cause” of the component. Some view PCA as a special kind of factor analysis,

whereas others maintain that they are very different (Hair et al. 2006).

Resources for more information about EFA and sometimes CFA include

most multivariate statistics textbooks. SEM textbooks cover the basics of

CFA and sometimes more advanced applications; Brown (2006) is another

useful reference.

Cluster analysis

Generally, cluster analysis is a technique used for combining observations

(these observations can be individuals, firms, products, countries, etc.) into

homogeneous groups or clusters based on a set of variables. Group mem-

bership is not known beforehand and the purpose of the analysis is to

develop groups on the basis of similarities among the observations in the

sample on a set of characteristics. Although it is a very useful technique with

many applications, as Hair et al. (2006) note: “cluster analysis is descriptive,

atheoretical, and noninferential . . . it has no statistical basis upon which

to draw inferences from a sample to a population, and many contend that

it is only an exploratory technique.” There are a number of different

approaches to forming clusters generally classified as either hierarchical

or nonhierarchical (also called relocation or partitioning methods). An

example of a hierarchical algorithm is Ward’s method. K-means clustering

is a commonly used nonhierarchical procedure. For additional coverage of

the many issues involved in traditional cluster analysis see Hair et al. (2006)

and Lattin et al. (2003).

Latent class analysis

As Vermunt and Magidson (2004) observe: “the basic idea underlying

latent class (LC) analysis is a very simple one: some of the parameters of

a postulated statistical model differ across unobserved subgroups.” In the

statistics literature (as opposed to the social science literature), LC models

are referred to as finite mixture models (Muth�en 2002; Vermunt and

Magidson 2004). In its traditional form, LC analysis (LCA) was used for

creating typologies (or discrete unknown classes or clusters) based on

nominal (discrete) variables (Vermunt and Magidson 2004). Thus the clas-

ses can be thought of as the categories of a categorical latent variable

(Skrondal and Rabe-Hesketh 2004). As opposed to factor analysis and

latent trait analysis, the latent variable in LCA is discrete. It is possible to

add covariates to the models, predicting latent class membership with a
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set of predictor variables of interest typically using multinomial logistic

regression (Muth�en 2002).

LCA has also been extended to the case of continuous indictors (it is

possible to have mixed variable types – continuous and discrete). This is

generally referred to as latent profile analysis and by a variety of other

names such as mixture-model clustering, model-based clustering, and LC

clustering (Vermunt and Magidson 2004). The primary difference between

this type of cluster analysis and traditional cluster analysis described pre-

viously is that a probability-based distance measure is used rather than the

ad hoc distance measures employed by traditional cluster algorithms.

Cases in the same latent class “are similar to each other because their

responses are generated by the same probability distribution” (Magidson

and Vermunt 2004). LCA-based clustering techniques have been com-

pared with traditional clustering techniques, such as K-means clustering

(Magidson and Vermunt 2002).

Table 11.2 provides a fourfold classification table of several latent variable

models discussed thus far (Bartholomew and Knott 1999).

LCA can also be “combined” with other dependence and interdepen-

dence techniques. For example, regression mixture analysis (also called

latent class regression analysis) allows for the estimation of separate regres-

sion equations for each latent class. Regression coefficients are allowed

to vary across the latent classes (in essence, the LC variable serves as a

moderator, involving the presence of an interaction – see Ding [2006] for an

example). This basic idea can be extended to mixture modeling with other

techniques (e.g., structural equation mixture modeling, path analysis

mixture models, and factor mixture analysis). A number of other models

can be utilized with longitudinal data, some of which will be mentioned

when discussing the modeling of correlated data. Most of these models (if

not all) can be fit with the Mplus program (Muth�en and Muth�en, Los

Angeles, CA), a very flexible program for addressing many different kinds

of latent variable models. Latent GOLD (Statistical Innovations, Belmont,

MA) can also fit many of these models.

Table 11.2 Summary of latent variable models – interdependence techniques

Latent variable(s)

Manifest variables Continuous Discrete

Continuous Factor analysis Latent profile analysis

Discrete Latent trait analysis Latent class analysis
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Multidimensional scaling

Multidimensional scaling (MDS) is really a set of methods that attempts

to reveal dimensions underlying similarities or distances among objects (in

marketing these objects are often products or brands, but they can be just

about anything, such as political candidates or issues, cities or cultures, jour-

nals, or even individuals themselves). The output is often presented in some-

thing called a perceptual map, which provides coordinates (interval-scaled

variables) of each object inmultidimensional space (the usual presentation is a

two-dimensional grid). Indeed, MDS is sometimes referred to as perceptual

mapping, although it is probably best thought of as a type of perceptual

mapping. In its typical application, MDS is used when the dimensions are

not known beforehand but rather are derived from global judgments provided

by individuals (a decompositional or attribute-free approach). These may be

judgments of similarity or preference (the choice depends on the nature of

the research question). When objective measures on a defined set of attributes

are available for a set of objects, cluster analysis is the preferred technique

(although the output is cluster membership, a nominal variable, rather than

location in multidimensional space, an interval variable). With MDS, it is

possible to produce perceptual maps at the individual level (disaggregate

analysis) or a single combined map for all respondents (aggregate analysis).

See Lattin et al. (2003) and Hair et al. (2006) for more discussion of MDS.

Modeling correlated data

The last classification criterion, the presence of correlated data, deserves

special consideration. Correlated data are quite common in almost all types

of research. Such data typically occur when units are nested within clusters.

Examples from different disciplines include: students within classes (educa-

tional research), employees within organizations (business research), patients

within hospitals (medical research), and animals within litters (biology). The

data can come from multiple levels (e.g., variables at the employee level and

organizational level) and the data structure is said to be hierarchical (note that

there can be more than two levels). This is why two common names associa-

ted with the analysis of such data are multilevel analysis and hierarchical data

modeling (not to be confused with order of entry determination in multiple

regression, sometimes called hierarchical regression). These models are also

called random coefficient models as the coefficients (i.e., intercepts, slopes)

are allowed to vary across higher-level units (Tabachnick and Fidell 2007).

Multilevel analysis allows researchers to examine the effects of variables at

multiple levels and even cross-level interactions. In addition, units within

clusters tend to be more like each other than units from two different clusters.

This is what it means to have correlated data and it leads to a violation of the
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independence assumption that applies to most of the techniques discussed

thus far. Analyses ofmultilevel data need to take this correlation into account.

Ignoring the hierarchical data structure can lead to both interpretational and

statistical errors (Tabachnick and Fidell 2007).

Longitudinal data (also called repeated-measures, panel, or cross-sectional

time-series data) are another example of correlated data and can be viewed in

terms of a hierarchy with multiple levels, i.e., multiple observations nested

within individuals. The techniques of multilevel modeling can be used to

analyze these types of data. This approach is more flexible and offers several

advantages over more traditional approaches to the analysis of repeated

measures data such as repeated measures ANOVA (univariate approach)

and the multivariate analysis of variance approach (sometimes called profile

analysis). It is referred to by a variety of names, including individual growth

modeling and the multilevel model for change. Many multilevel analysis

books have chapters on longitudinal data analysis (e.g., Snijders and Bosker

1999; Hox 2002) and Singer and Willett (2003) provide an excellent treat-

ment of the multilevel model for change.

When the DV of interest is continuous, these models are referred to as

linear mixed models, hierarchical linear models, or multilevel linear models.

Just as the general linear model for continuous DVs can be extended to handle

discrete DVs, so the linear mixed model can be extended to situations in-

volving a discrete DV. These models are called generalized linear mixed

models (GLMMs) or hierarchical generalized linear models, of which the

linear mixed model is a special case. The method of generalized estimating

equations (GEEs) is also used in this context, especially for longitudinal data.

There is some debate over which method to use especially as, in the case of

discrete DVs, GEE and GLMM estimates and their interpretations are differ-

ent (for a discussion of population-averaged effects versus subject-specific

effects, see Agresti [2007]). Multilevel analysis can be generalized to many

different techniques, such as path analysis, factor analysis, survival analysis,

and SEM (Muth�en and Asparouhov 2010).

There are stand-alone software packages for conducting multilevel anal-

ysis (e.g., HLM, Scientific Software International, Lincolnwood, IL), as well

as routines in the major comprehensive statistical software packages. In

addition to the approaches discussed above, fixed effects regression methods

are commonly used in other disciplines, especially for panel data (Allison

2005, 2009). In the healthcare literature, the fixed-effects approach com-

monly utilized is conditional logistic regression especially for matched case–

control studies.

The consideration of latent variables in the longitudinal setting adds

another element and allows researchers to address additional questions.

There are several examples of such models. Latent growth models are an

alternate approach to multilevel models for measuring change. Indeed, under
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certain conditions, the two approaches are identical (Curran 2003; Hox and

Stoel 2005). Latent growth modeling offers some additional flexibility

in some areas (Singer and Willett 2003). Latent transition analysis, latent

class growth analysis, and growth mixture analysis are possible with categ-

orical latent variables. Latent transition analysis examines how individuals’

latent class memberships change over time, i.e., individuals can “transition”

between latent classes (e.g., see Kaplan 2008). Latent class growth analysis

and growth mixture analysis allow for the growth curves to vary across

unobserved subpopulations (i.e., latent classes) (Muth�en 2004).

Studies using complex sample designs, commonly used when conducting

large sample surveys (see Chapter 13), can also create correlated data. Design

features might include cluster sampling, stratification, and disproportionate

sampling schemes (e.g., oversampling of some groups). Many authors distin-

guish between design-based and model-based perspectives in the analysis of

complex survey data (Lee and Forthofer 2006). Design-based approaches are

quite common and are implemented in programs such as SUDAAN (Research

Triangle Institute, Research Triangle Park, NC). These programs also incor-

porate weights to account for differential representation in the sample due to

unequal probabilities of selection. Such approaches can be used for many

types of analyses, including descriptive analysis, regression analysis, and even

SEM (e.g., see Stapleton 2006, 2008). Multilevel analysis can also be used to

take into account clustering and allows for an examination of variables from

different levels simultaneously; design-based analyses are usually not inter-

ested in the latter. The use of multilevel modeling to analyze survey data

generated with complex sampling is an example of a model-based approach.

As with SEM, the literature surrounding the analysis of correlated data is

so vast that it is almost impossible to succinctly summarize all of it. This

is still an area of active research in the statistics community and it is entirely

possible that new approaches will become available with time.

Selecting an appropriate statistical technique

Which tool one chooses for an analysis depends on the classification criteria

discussed earlier. As pointed out several times, many of the techniques dis-

cussed are related; some are special cases of more general techniques. It is

important to try to understand such relationships because it helps to interpret

analyses, but also to understand a wider variety of techniques. For a large

umbrella framework of statistical techniques see Skrondal and Rabe-Hesketh

(2004). Just about all the cases in the above discussion, with some exceptions,

are special cases of this framework.

Researchers may find that there are often multiple approaches to address

the same general research question (e.g., DA, logistic regression, and probit

regression). In these situations, it is critical to know the research area (as well
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as the target journal) and understand the techniques that are commonly used

in specific disciplines in which the work is primarily based. One other impor-

tant consideration is that researchers should design the analysis plan to

answer the research question; investigators should not develop the research

questions to match the type of analysis to be conducted.

Summary and conclusions

This chapter introduces the reader to some statistical terminology and to

many different approaches to analyzing data. It is impossible for a single

chapter to cover the many issues that receive attention in both the statistical

literature and the literature of specific content areas; thus, many current

topics in statistics have not been addressed. Therefore, a number of references,

both primary literature and textbooks, have been provided for interested

readers to deepen their understanding of particular areas.

As mentioned in the chapter introduction, scientists have access to many

different sets of tools to help make sense of the world and the statistics tool-

box plays a very important role in the generation and testing of new knowl-

edge. It is imperative that, before using these tools, more study be undertaken.

Some applications of the techniques described in this chapter may lead to

results that are difficult to interpret. In addition, sometimes model fitting can

be very challenging. To extend the toolbox analogy, this chapter described

the contents of the toolbox – the reader might still have to study the owners’

manual before employing these tools! Hopefully, the introduction and over-

view provided in this chapter will stimulate the reader to learn more about

howmany of these techniques are related to each other, how to appropriately

use these tools, and most importantly how these methods can help to address

substantive research questions.

Review questions/topics

1 What are the two major functions served by statistics?

2 Describe the various schemes used to classify variables. Why are such

classification systems important to understanding the applications of

statistical methods?

3 What is the difference among linear regression, logistic regression,

Poisson regression, and Cox’s regression?

4 A reviewer asks you to consider the use of a nonlinear model. What

might she mean?

5 What is the difference among ANOVA, ANCOVA, and MANOVA?

6 What does it mean that path analysis is a special case of structural

equation modeling?
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7 What is the difference between exploratory and confirmatory factor

analysis?

8 How do traditional cluster analysis and latent class analysis differ?

9 Under which situations would a researcher need to consider the use of

techniques that handle correlated data?

10 What are some latent variable techniques that can be used with longi-

tudinal data?
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12
Secondary data analysis:
administrative data

Bradley C Martin

Chapter objectives

* To define administrative data
* To describe Medicaid and Medicare data
* To describe analytical files and data structure in claims data
* To discuss common medical coding conventions
* To examine use of administrative data for research

Defining administrative data

Administrative health data are those collected, recorded, or transmitted

primarily for payment or management purposes, and are not specifically

designed for research uses. The most common health administrative data

sources used by researchers are the records of financial transactions among

health providers, payers, and patients, and are routinely referred to as

administrative claims data. These data are used primarily for payment

purposes where providers are reimbursed in a fee-for-service system and to

record services and products delivered to a patient, including many financial

details associatedwith the service or product, as well as general characteristics

of the service or product being delivered. Examples include administrative

claims data, such asMedicare andMedicaid from governmental agencies, and

commercial insurance data, such asHumana andAetna. The primary focus of

this chapter is onMedicare andMedicaid administrative data and Chapter 13

discusses commercial data sources for research.

With more health providers adopting the use of electronic medical records

(EMRs), essentially recording information that would appear in a patient’s

chart, these data will represent a growing source of administrative data

that can be used alone or in conjunction with administrative claims data.

Other sources of administrative data are summary information collected by a
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group of providers such as hospitals or emergency rooms (ERs), which

make available hospital discharge abstracts and ER encounters. Additional

administrative data that may have uses in the healthcare setting might include

census data as well as aggregate data on health spending. There is also an

array of surveys collected specifically for research purposes and the Medical

Expenditure Panel Survey (MEPS) or several surveys of providers and patients

conducted by the National Center for Health Statistics (NCHS). These

surveys are discussed in Chapter 14.

This chapter focuses on research application of Medicare and Medicaid

data. Specifically, the analytical files, data structure, and medical coding

conventions are discussed to provide an analytic framework for pharmaceu-

tical practice and policy research. Although the research approaches are

presented in the framework of Medicare and Medicaid data, many of these

approaches are equally applicable to any administrative claims data.

Uses of administrative claims data

As administrative data are characterizations of medical encounters, services

delivered, or products used in the past, they are by definition retrospective and

observational in nature. In the research design sense, retrospective refers to

past occurrences, and observational to where the researcher is simply observ-

ing what naturally unfolds and cannot control or manipulate which patients

are exposed to a particular stimulus, such as a specific drug or procedure.

There is a wide array of uses of administrative health claims data that range

from policy analyses, comparative effectiveness research, pharmacoepide-

miology and drug safety, to forecasting future health spending, cost of illness,

and adherence studies, to name but a few. Research using these data cannot be

used to establish the efficacy of a drug, product, or procedure. Efficacy studies

require randomized controlled trials (RCTs) and studies based exclusively on

administrative data cannot be used to acquire a labeled indication with the US

Food and Drug Administration (FDA).

One of the ongoing debates in the health field is whether studies based on

administrative data can be used to inform specific clinical decisions regarding

the use of drugs or the effectiveness of procedures. Due to the limitations

inherent in observational retrospective studies, some clinicians view studies

based on administrative data as hypothesis-generating studies that need to be

confirmed with RCT data before clinicians can alter their prescribing prac-

tices. Given the lack of relatively few head-to-head trials within a therapeutic

class, others feel that there may be sufficient levels of evidence provided by

these studies. Recently there has been growing interest in using these data for

comparative effectiveness research to inform clinical prescribing and the

American Recovery and Reinvestment Act of 2009 provided US$1.1 billion

toward that goal (US Department of Health and Human Services 2009).
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In 2009, the Institute of Medicine convened a panel to identify US priorities

for comparative effectiveness research and developed a list of the top 100

research priorities, of which 28 could be addressed using retrospective

database resources.

Medicare and Medicaid data sources

Medicaid claims data

Medicaid, or title XIX of the Social Security Act, was enacted in 1965 to cover

the healthcare services of indigent and disabled individuals (Centers for

Medicare and Medicaid Services or CMS no date, a). Each state in the USA

operates andmanages its ownMedicaid program under federal guidelines and

oversight. As a result, there are no two identicalMedicaid programs and there

is a fair amount of heterogeneity between the state programs with regard to

the recipients enrolled and the benefits available, but it is fair to say that all

Medicaid programs provide a reasonably comprehensive set of health benefits

to the states’ indigent and disabled individuals. Medicaid recipients tend to be

infants and children, young women, poor elderly people, or disabled individ-

uals with high health needs because of the eligibility rules for Medicaid

programs. As Medicaid systems generally offer a comprehensive set of health

benefits, these data are a rich resource for studying a wide range of research

questions for these populations, but are not well suited for studying disease or

drug use patterns in nondisabled middle-aged adults.

Medicaid recipients

Before starting a research investigation based on Medicaid claims data, one

must become familiar with the individuals who qualify for Medicaid services

and the benefits afforded to the various beneficiaries. There are three broad

categories of individuals covered by Medicaid: the categorically needy, the

medically needy, and the optional eligibles (CMS 2005). Categorically needy

recipients are people eligible for Medicaid who have incomes below state

thresholds and meet other requirements based on age, pregnancy, or disabil-

ity. Most categorically needy recipients will receive “cash assistance”

although some may not. Medically needy recipients “spend down” to

Medicaid eligibility by incurring medical and/or remedial care expenses to

offset their excess income, thereby reducing it to a level below the maximum

allowed by that state’s Medicaid plan. Optional eligibles are people who

become eligible for Medicaid services who would not qualify for any of the

above categories and may be included in Medicaid waiver programs expand-

ing eligibility tomore targeted recipients. Federal guidelines set out provisions

that a state Medicaid program must cover, which include services to the

following individuals: limited income families with children, temporary
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assistance for needy families (TANF), supplemental security income (SSI)

recipients (aged, blind, and disabled individuals), children under age 19,

and pregnant women whose family income is at or below 133% of the federal

poverty level (FPL), recipients of adoption assistance, and foster care infants

born to Medicaid-eligible pregnant women (CMS no date, a).

Although not directly a Medicaid program, the State Children’s Health

Insurance Program (SCHIP) is administered by theMedicaid program inmost

states, and the claims data for these children are sometimes included with the

Medicaid claims data. The SCHIP program expanded health insurance to

children whose families earn too much money to be eligible for Medicaid,

but not enough to purchase private insurance, andwas enacted in 1997 as part

of the Balance Budget Act. States determine the design of its program,

eligibility groups, benefit packages, payment levels for coverage, and admin-

istrative and operating procedures. The SCHIP provides coverage to children

residing in households that have incomes between 150 and 350 percent of the

FPL based on each state’s income threshold (Kaiser Family Foundation 2009).

As SCHIP is distinct from Medicaid it provides a similar set of benefits to

those of Medicaid recipients, but the benefits are not equivalent to the

Medicaid benefits structure and patient copayment and coinsurance rates of

some SCHIP recipients often more closely mirror a commercial health plan

than the much lower out-of-pocket expenses encountered by Medicaid

beneficiaries. The differences in benefit design should be accounted for

in any study pooling SCHIP and Medicaid enrollees, particularly when

payments are used as an outcome variable.

Of particular importance to the researcher using Medicaid claims is the

issue of Medicare dual eligibles. As Medicare is the first or primary payer for

these individuals, Medicaid pays for only a portion of health services not

covered by Medicare such as a deductible, coinsurance, or for health services

not covered at all by Medicare. This has a tremendous effect on the amount

paid by Medicaid for services covered by Medicare, such as hospitalizations.

As not all providers will bill Medicaid for the smaller portions of a bill not

covered by Medicare, capture of all the services in the Medicaid claims file

cannot be assured. Further complicating the use of data for the Medicare dual

eligibles is that not all are entitled to full Medicaid benefits. Qualified

Medicare beneficiaries (QMBs) and special low-income Medicare benefici-

aries (SMBs or SLMBs) will have their Medicare Part B and or Part D pre-

miums paid by Medicaid, but many are not eligible for typical Medicaid-

covered services and these recipients should only rarely be included in research

studies relying on Medicaid claims. One of the most profound changes for

Medicare dual eligibles is the lack of a prescription benefit provided by

Medicaid with the implementation of the Medicare Part D prescription ben-

efit that went into effect January 1, 2006. With the rolling out of theMedicare

Part D prescription benefit, nearly all measures of drug exposure are missing
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from the Medicaid prescription claims for Medicare dual eligibles. Essentially

the Medicaid data from 2006 onward have no prescription information for

elderly people or for many of the disabled recipients, which limits the scope of

research for many retrospective drug studies, particularly studies focusing on

drug therapies to treat chronic conditions such as cardiovascular diseases,

arthritis, and diabetes, in which the preponderance are elderly or older people.

There are other beneficiaries and optional groups for which states may

restrict the comprehensiveness of the Medicaid benefits, such as women eligi-

ble only for the family planning services (CMS 2005). Before researchers begin

an analysis using any state Medicaid data, they should carefully examine the

state’s particular eligibility requirements and benefit structure for the recipi-

ents. Unless the research question is specifically addressing a narrow question

related to recipients with partial Medicaid coverage, recipients not entitled to

full Medicaid benefits should generally be excluded from analyses because

there would be profound measurement bias due to the incomplete capture of

health services, diagnoses, and prescription use for those individuals.

Medicaid covered services

Medicaid provides for health services across a fairly comprehensive range.

State Medicaid programs must offer federally required services such as inpa-

tient and outpatient hospital, laboratory, and physicians’ services, and a range

of other health services (CMS 2005). Notably, outpatient prescription drugs

are not included as federally mandated services, but are optional services.

All 50 states and the District of Columbia chose to offer an outpatient

prescription benefit. Other optional services covered by most states include

some form of dental coverage, eyeglasses, prosthetic devices, and physical and

occupational therapy. It should be noted that not all beneficiaries are entitled

to the entire benefits and services covered. Also, states possess the discretion

to charge copays on most of the services, and may impose other restrictions

such as precertification requirements or other usage restrictions limiting the

maximum quantity of services per period of time (CMS 2005).

The National Pharmaceutical Council provides an excellent resource

to learn about the pharmaceutical and some medical benefit designs across

the 50 state Medicaid programs as well as the enrollment and spending

summaries. It acquires this information through annual surveys of state

Medicaid program administrators and the survey results are freely available.

Medicare claims data

Medicare, or title XVIII of the Social Security Act, was also enacted in 1965 to

cover the healthcare services of over 45 million elderly and disabled people

(CMS no date, b). The federal government, through the CMS, and not indi-

vidual states, administers or oversees the Medicare program. Medicare
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benefits are tied to social security benefits and provide healthcare coverage to

those aged>65, those who have been disabled for over 2 years, and those who

have end-stage renal disease. TheMedicare data are going to be the single best

source for describing the healthcare service use of geriatric patients where

most chronic diseases are prevalent because the preponderance of Medicare

eligibles are elderly and nearly all legal residents in the USA are entitled to

Medicare benefits.

Medicare provides coverage through three major parts: Part A (hospital

insurance), Part B (physician and outpatient insurance), and Part D (outpa-

tient prescription drug coverage). As noted, Part D coverage only came into

being in 2006 and, before that, the Medicare program did not provide an

outpatient prescription drug benefit; consequently, for pharmacists with an

interest in studying the effects of drug exposure, only data after 2005 are of

use. When people become eligible for Medicare, almost all are automatically

eligible for Part A insurance; however, Part B and Part D coverage is optional

andmostMedicare recipients pay amonthly premium to access these benefits.

Unlike Medicaid, Medicare coverage includes significant patient deductibles

and coinsurance. For the researcher, it is essential that the study account for

these elective Part B and Part D benefits, and include only recipients who

enroll in these optional plans if the study requires measures derived from

physician, outpatient services, or outpatient prescription benefits.

Medicare recipients can elect to enroll in the traditional fee-for-service

Medicare plan or in a Medicare Advantage plan, sometime referred to as Part

C. The Medicare Advantage plans are privately administered plans that utilize

various health insurance structures such as preferred provider organizations

(PPOs) or health maintenance organizations (HMOs) to provide benefits to

recipients who elect coverage in a Medicare Advantage plan. Medicare recipi-

ents have their benefits paid by a commercial insurer so that their claimswill not

appear in the fee-for-service claims obtained through CMS, but their data may

be acquired by obtaining the commercial insurance claims data from the insurer.

Medicare covered services

Part A ofMedicare pays for inpatient care, some home health services includ-

ing durable medical equipment, and limited skilled nursing facility services or

rehabilitation services after a hospital stay of up to 120 days. Consequently,

most long-term care in the USA is not paid for byMedicare and thusMedicare

claims would substantially understate long-term care accessed by Medicare

enrollees. Part B pays for physician and outpatient clinic services, ER, labo-

ratory, ambulance, outpatient mental health services, and some preventive

and wellness care services such as physical exams and diabetes wellness care.

Most of the services are subject to coinsurance or copays. For people enrolled

in traditional fee-for-service Medicare, the providers collect the recipient

copays and deductibles, and bill CMS intermediaries directly.
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The Part D Medicare benefits structure is fundamentally different from

Parts A and B benefits. For Part D, Medicare enrollees sign up for a prescrip-

tion drug plan (PDP) administered by a private third party payer such as a

pharmaceutical benefit management (PBM) company or health insurer. The

prescription drug plans offer services on a state-by-state basis, and Medicare

recipients select among PDPs offered in their state. Each of the plans offers

choices that vary in the comprehensiveness of their formulary, the monthly

premiums, and patient copays. The benefit designs should be accounted for in

research that seeks to compare drugs because the benefit structure will act as a

powerful steering or channeling mechanism.

Acquiring Medicaid and Medicare claims data

Summary data for Medicaid and Medicare data are freely available from the

CMS as public use files that describe aggregate enrollment and spending in

individual states. These summary data, when used alone, have more limited

research purposes but can be used to demonstrate cross-sectional relation-

ships between states and various policies, as well as time trends, and are an

important resource for describing the overall attributes of the programs.

Additional nonidentifiable data on costs, such as Medicare cost reports of

the Part B Extract Summary System (BESS) data file and the physician supplier

procedure master file (PSPS), are important tools that are publicly available,

which have particularly relevant uses in pharmacoeconomics to value health

services (CMS no date, c).

Data describing Medicare claims are available in limited dataset (LDS)

format as well as identifiable formats. Medicaid data obtained through CMS

are available only as identifiable datasets. LDSs have all directly identifiable

patient identifiers stripped from the claims but include elements of individual

claims information (CMS no date, c). Data for Medicaid can generally be

obtained from two sources: direct relationships with state Medicaid agencies

or the CMS. Researchers can develop relationships with state Medicaid agen-

cies and acquire the data from individual state agencies. Some states, such as

California, have developed specific protocols for acquiring the data for Medi-

Cal (California Medicaid), whereas most states do not have units designed

specifically to make data available to researchers and access to the data is made

on a case-by-case basis, usually starting with some collaborative relationship.

Medicare andMedicaid claims data can be obtained directly from the CMS

for research purposes and additional arrangements can be made with individ-

ual state agencies. For Medicaid, the Medicaid Analytic Extract (MAX) files

are research identifiable files that include dates of service and potentially

identifiable beneficiary-level data elements. The data are organized in five files:

the personal summary file including enrollment, demographic, and summary

charge and expenditure data; the inpatient file; the long-term care file; the
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prescription drug file; and the other therapy file which contains claim records

for professional services such as physician services, lab/radiograph, clinic ser-

vices, and premium payments. Data can be requested for multiple states and

the data are fairly affordable to the researcher. The price for acquiring MAX

data from CMS for one to four states is US$1000–1500 for each year of data;

however, these prices vary over time. One limitation with obtaining Medicaid

claims from CMS is the 3- to 4-year lag in obtaining MAX claims records.

As Medicare is a federally administered program, the main source

of Medicare claims data is through CMS. The Medicare claims data are

organized similarly to theMAX files with individual files for inpatient, skilled

nursing facility (SNF), home care, hospice, carrier (physician), drug (Part D

drug event data), and durable medical equipment. MedPAR files may be used

in place of the individual inpatient, SNF, and SNF stay files for Medicare

recipients, but lack some of the details that would be available in the

individual files. As the Part D benefit is administered by many Part D

providers or pharmaceutical benefit management companies that have an

array of formularies, copays, and doughnut hole coverage (where the

recipient pays 100 percent of drug cost after they exceed a maximum

coverage amount, until they reach the maximum out-of-pocket limit), a

linkable file can be obtained describing the Part D plan characteristics.

Medicare data are not generally requested or made available on a

state-by-state basis as for Medicaid, but rather are based on investigator

inclusion or exclusion criteria or based on random samples such as a 5 percent

sample. The price of obtaining Medicare data is generally more expensive

than obtaining Medicaid data from the CMS and the prices of the individual

files vary widely, are subject to change, and depend on the inclusion and

exclusion criteria and the size of the sample requested. Medicare data are

generally more up to date thanMedicaid claims data with about a 2-year lag.

To acquire either Medicare or Medicaid data from CMS, a data use

agreement (DUA)must be obtained. The DUA is for a specified set of research

aims, but a data reuse request can be obtained to explore a new set of

objectives for existing data already acquired, contingent upon CMS approval

(CMS no date, c). The Research Data Assistance Center (ResDAC) is a CMS

contractor that vets applications to acquire data from the CMS and provides

free assistance to researchers interested in using Medicare and/or Medicaid

data, in determining if and what CMS data are appropriate for the research,

and in responding to questions about the data during analysis. The ResDAC

website (www.resdac.umn.edu) contains the detailed instructions and forms

to apply for a DUA and a flowchart describing the CMSDUAprocess is found

in Figure 12.1. There are about a dozen documents that need to be completed

as part of the DUA request process, and include an analysis plan or protocol

for the project, institution review board (IRB) documentation, personnel,

data management, and evidence of funding.
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Typical administrative claims files structures

Generally administrative data are organized based on their source documen-

tation or forms that they use to bill for services and the provider categories.

Administrative claims data will generally fall into one of the following types

of files: the enrollment or member eligibility file, inpatient and other facility

files, professional (physician) service files, and the outpatient prescription

files. Each of these categories has unique forms or source documents

providing the structure governing the type of data in each of these files.

Of course these categories can be further divided or subcategorized into

smaller files based on the provider types of billing for those services within

the larger category. For example, there may be separate files for inpatient

acute care, long-term care, and outpatient facility charges. For each provider

or category of service that is able to bill for services from a payer, such as

Medicaid, the provider must meet the payer’s requirements to be able to bill

for a particular service. In the case of Medicaid and Medicare, provider

manuals are available from the state Medicaid agency or those able to bill a

particular state Medicaid program or Medicare. These provider manuals

provide an excellent source for the researcher trying to identify services that

are and are not covered, as well as the reporting requirements specific to each

provider type (CMS 2009).

Over the last few decades paper submission of forms has been declining

and many providers now submit claims electronically using a management

information system, although paper claims may still be used. Nevertheless,

the architecture of the paper claims and electronic claims use the same general

standards for reporting the information. Once all the data are converted to

electronic media for research purposes, there are no fundamental differences

between paper and electronic claims.

To understand any research data, particularly for retrospective adminis-

trative data where the researcher is rarely involved with the data entry or the

design of the data entry fields, an understanding of the source documents,

forms, and templates is critical to guide the research process. This is partic-

ularly true for administrative data where the primary purpose of the data is

not for research processes, but, rather, to pay providers and maintain current

enrollment files to determine who is eligible for which benefits. Knowing what

information is required for payment purposes and what is optional will have

implications for determining the reliability of the information captured in the

different fields. Those fields that are optional for payment purposes will be

considerably less reliable than those that are required for payment purposes.

Administrative claims files

In most health claims records, there are two parts of a claim: a claim header

and the claim details. The claim header records the patient and provider
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information, dates of service, as well as the summary billing information

including the total amount billed, the amount collected from the patient,

and information on the type of claim diagnostic such as an admission or

discharge diagnosis. The claim details record the individual services

delivered as part of an encounter such as a procedure performed or a drug

that was dispensed. For each service or product delivered, there will be

a unique detail record coupled with some of the header information.

For more complex health claims such as an inpatient claim, there may be

dozens of services billed in one claim (CMS 2009).

When a raw detail claims file is acquired it is imperative that the researcher

recognize that each detail record does not represent a unique claim, but rather

an individual detail of a service or product delivered thatwas billed as part of a

claim. Summing across all detail records can grossly overstate utilization. An

internal control number (ICN) is a number that is customarily assigned to

each individual claim. It can be utilized to link header records with detailed

records, and allows a researcher working with raw claims the ability to

identify unique claimswhenworkingwith detail records. Often the researcher

will find that it is sufficient to use only the header information or the header

records because that simplifies programming efforts. The header information

often captures enough information, including the total amount billed and paid

for all the services and products, to address many research questions. Also

prescription claims files almost always have just one detail record for each

header record so there is really not a meaningful distinction between headers

and details for prescription claims (CMS 2009).

Once a health provider submits a claim to a health payer it can be paid,

rejected by the payer, adjusted, or reversed by the provider originally filing the

claim. A rejected claim can then be resubmitted for payment again, usually

changing any incorrect or missing information; however, not all claim rejects

can be resubmitted or paid. Once a claim has been paid, it will have the

amount paid appended to the claim and will be considered an adjudicated

paid claim (CMS 2009). Typically, researchers will use only paid claims in

their analysis because they can have higher degrees of confidence that the

services described in the claim are those that were actually delivered to

recipients eligible to receive those services.

Depending on the source of administrative data, some claims may have

been processed so that only final adjudicated paid claims are included and

any adjustments to the claim have already been accounted for. Also some

administrative claims may have the claims details “rolled up” in one record

merged with the header information. Each record in the administrative data

research files represents a paid claim and provides some details on the

individual products or services delivered, but does not have separate

records for each claim detail as might be encountered when working with

raw claims (CMS 2009).

Secondary data analysis: administrative data | 213



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 12 Dated: 29/9/2010 At Time: 9:1:47

Inpatient and facility claims

Before 2008, the UB-92 form was the standard form to enter facility charges,

including inpatient and institutional claims files. The UB-92 form was

developed by the National Uniform Billing Committee (NUBC) and was the

standard format used for reporting for acute care hospitals, hospices,

psychiatric facilities, long-term care facilities, and hospices. In 2008, the

UB-04 (HCFA-1450) file layout replaced the UB-92 as the common

structure guiding submission of claims for facility charges (CMS 2009).

A copy of the HCFA-1450 form is found in Figure 12.2. The areas that are

cross-hatched are part of the header record. The area that is shaded represents

one claim detail. If there are multiple details for a claim, a new line would be

completed for each service provided and would represent a new detail record.

Some important elements of the claims that are required to be complete when

billing services for most health payers include the provider name and address

(boxes 1 and 2), the type of bill (box 4), the dates of service (box 6), patient

information (boxes 12–15), admission date (box 17), revenue codes (box 42),

payer name (box 50), health plan identifiers (box 51), national provider

identifier (box 56), principal diagnosis code (box 67), admitting diagnosis

(box 69), and attending provider identifiers (box 76). It should be noted that

secondary diagnoses are not required for billing purposes and, in the claim

details, HCPCs (CPT-4) are used to describe the services billed. Coding

conventions are outlined later in the chapter (CMS 2009).

Professional services and physician claims

The HCFA-1500 or the CMS-1500 form is the standard format for

submitting health professional claims for physician services, clinics, home

services, and other outpatient providers (CMS 2009). A copy of the form is

found in Figure 12.3. The areas that are cross-hatched correspond to the

header information and the area that is shaded corresponds to the claim

details. Each line in box 24 would correspond to a claim detail that

indicates a unique service as part of that professional encounter. As with

the HCFA-1450 form, most of the elements, but not all, are required in

order for the claim to be reimbursed by most providers. Key elements of the

form that need to be completed are most of the patient information in boxes

1–8, insurance information (box 11), the diagnosis code(s) (box 21), the

procedure or services performed entered separately on each line (box 24),

the total charges for all the services delivered and the amount the patient

paid (boxes 28 and 29), and the provider’s information (boxes 32 and 33)

(CMS 2009). Some noteworthy caveats regarding common elements needed

are that not all providers are required to provide diagnoses. Researchers

may consider restricting diagnostic information to include only codes
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obtained by provider types that would be expected to reliably diagnose

disease such as physician, physician assistants, or nurse practitioners. The

details also include diagnosis codes that correspond to each claim detail

that may or may not be included in the diagnosis codes found in the header

(box 21). Also each claim detail or service delivered in box 24 is coded

with Healthcare Common Procedure Coding System (HCPCS) codes. It is

important to note that the provider performing the service is often not the
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Figure 12.2 HCFA-1450 (UB-04) claim form.
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one completing the claims information because these tasks are typically

relegated to billing or coding personnel (CMS 2009).

Outpatient prescription claims

Claims submitted for outpatient drugs follow the standards of the National

Council for Prescription Drug Programs, Inc. (NCPDP). The NCPDP is

a not-for-profit standards development organization that develops and
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continually updates standards for the exchange of prescription information

including standards guiding pharmacy payer transactions. Key elements of

a pharmacy claim include information about the patient, the pharmacy

provider, the drug product, and payment information. Drug products are

identified by their national drug code (NDC). The NDC is an 11-digit code

that follows the following convention:

xxxxx� yyyy� zz

* xxxxx designates the manufacturer and may have leading zeros

or may omit the leading zeros
* yyyy designates the drug product and strength, specific to that

manufacturer
* zz designates the packaging and packaging size for a particular product.

Each drug product will have a uniqueNDC code and, for products that are

widely used and havemultiple generic and brandmanufacturers, there may be

hundreds of NDC codes for the same chemical entity such as hydrocodone/

acetaminophen. In addition, it should be noted that often the NDC is the only

drug product information in a raw claims file. Other characteristics of the

drug dispensed, such as the drug name, strength, or therapeutic class, would

have to be merged with a drug dictionary, master file, or proprietary system,

such as Redbook, to include these other descriptors with the drug claims

files. Other data elements on prescription claims files include the quantity

dispensed, the days supplied, and the dispensing date. The days supplied field

is a pharmacist-entered field and its reliability cannot always be assumed,

particularly for inhalers, prepackaged liquids, injectables, or topical products,

which may pose significant measurement issues for adherence calculations.

Provider and patient information similar to that found on the facility and

professional services claims is also included.

In the absence of fraud, drug claims data are presumed to be very accurate

with regard to drugs that were actually dispensed and paid for by a third party.

Despite the relatively accurate measure of prescriptions that were paid for by

some payer, prescriptions claims data cannot be presumed to provide a

complete picture of all drugs used by a person eligible for benefits. For drugs

that are not on a formulary, are available over the counter, have social stigma

associated with their use, or have particularly high copays, people may pur-

chase these with out-of-pocket monies or obtain samples from physicians, thus

circumventing capture in the claims records. A prescription claim may also

provide a false-positive measure of drug exposure if a drug was dispensed but

never actually ingested. Despite these potential circumstances that may make

prescription claims an inaccurate measure of drug exposure or use, empirical

data suggest that claims data are fairly accurate with concordances of nearly

90 percent when compared with other sources (Martin and Cox 2008).
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Medical coding conventions

Coding for morbidity

The International Classification ofDisease, 9th revision, clinicalmodification

(ICD-9-CM) codes are the standard by which diseases and some procedures

are coded in the USA. ICD-10 codes, or the 10th revision, are used outside

the USA and include causes of death, but are not used in most health

claims available in the USA. ICD-9-CM codes were developed by the

World Health Organization (WHO) and maintained in conjunction with

the National Center for Health Care Statistics (NCHS) and the CMS.

ICD-9-CM codes not only represent diseases, but also are a means for clas-

sifying injuries, symptoms, patient complaints, or procedures. ICD-9-CM

codes are updated annually so the researcher should be aware that using the

same set of ICD-9-CM codes may not provide consistent markers of disease

over time. ICD-9-CM codes use the following format:

XXX:yy

* XXX: three-digit header for a disease cluster
* yy: fourth- and fifth-digit details

The three-digit headers group similar clusters of diseases or complaints, and

are organized along body systems (CDC 2009). The fourth- and fifth-digit

codes are not always available and, whenmore detail codes are available, they

are generally required to be considered valid for billing purposes.

ICD-9-CM codes in the range 001.0–999.9 are generally used to identify

the reason for admission/encounter and are used to classify diseases and

injuries (e.g., infectious and parasitic diseases, neoplasm symptoms or signs,

and ill-defined conditions). Signs and symptoms codes should be used only if

the diagnosis cannot be determined and not added if they are common for the

diagnosis. Probable or ruled-out diagnoses should generally be recorded; it is

important to note that some codes do not necessarily indicate the presence of

disease, particularly for conditions where there is a high degree of diagnostic

uncertainty (CDC 2009).

There are also supplemental codes that use alpha characters instead of the

numeric characters exclusively described above. The first set of supplemen-

tary codes is “V” codes used to identify factors that influence health status and

contact with health services. These codes (V01.0–V89.09) are used to provide

reasons for visits such as preventive services or newborn deliveries, and are

considered valid codes for admission and discharge codes. Another set of

supplementary codes are “E” codes which provide a means to code external

causes of injury and poisoning and follow the E000–E999 format and range.

These codes cannot be used generally or as admitting diagnosis and are used to

supplement the cause of injury (CDC 2009).
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Diagnostic-related groups

For inpatient encounters, diagnostic-related groups (DRGs) are used to

categorize related hospital admissions for statistical or payment purposes.

In 2007 there were 579 CMS DRGs, with a few more available for private

payers, for pediatric and neonatal conditions. DRG codes follow an XXX

format and are assigned using grouping software based on the principal

diagnosis and may include up to eight additional diagnoses, age, gender,

complications, discharge status, and procedures. DRG codes can be used to

supplement ICD-9-CM codes to identify cases or people with a disease, but

lack the specificity of ICD-9-CM codes (CMS no date, b).

Typical research issues of ICD-9-CM and DRG codes

The primary use of ICD-9-CM and DRG codes for retrospective researchers

would be for the purposes of case ascertainment such as identifying people

with prevalent or incident cases of disease that can be used to define the

study participants, assess the comorbidity burden of participants across a

range of conditions, or be used as a primary outcome measure. When an

incident case of disease is used as an inclusion criterion to define study

participants or one of the primary endpoints or dependent variables of a

study, care should be taken to make sure that there is an adequate clean

period – a time period when a person is eligible with benefits without

having any codes or related codes for the condition. The longer the clean

period, the greater the assurances that a new claim with a diagnosis

represents an incident case rather than a diagnosis for an ongoing medical

condition, which is particularly relevant for chronic diseases. The length of

the clean period should be determined by the clinical nature of the disease

and whether the condition is chronic or acute, the frequency of monitoring

(coding) for the disease, the availability of data, and time definitions of

past researchers. When ICD-9 or DRG codes are being used to quantify

comorbidity or included as control covariates, differentiating incident from

prevalent cases of disease is less critical and the researcher will not often

employ a clean period to ensure incident cases (CDC 2009).

One of the critical challenges with the use of ICD-9 codes is handling the

sheer number of codes. Identifying all the codes that could be mapped to a

disease or condition can be especially challenging, particularly for conditions

for which there is less diagnostic certainty or for broad complex disorders.

Often there is no clear set of ICD-9-CM codes to use and there may be

competing sets of case definitions used in the past. The researcher should

recognize that there is a tradeoff between specificity (1 � false-positive rate)

and sensitivity (1 � false-negative rate) between competing case definitions.

The broader a case definition, the higher the sensitivity and the lower the
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specificity will be, and vice versa for more narrow case definitions

(CDC 2009). For example, a case of asthma may be more broadly defined

by one or more outpatient claims with an ICD-9-CM code for 493.**, or

more narrowly defined by requiring two different outpatient claims with an

ICD-9-CM code for 493.** separated by at least 1 day. Requiring only one

outpatient claimwill yield more cases of asthma and bemore sensitive, but, as

asthma diagnoses may be made in the outpatient setting, the broader defini-

tion may incorrectly misclassify some people with symptoms of asthma as

having asthma and would therefore be less specific. Similarly relying on

primary diagnoses may have higher specificity at the expense of sensitivity

in defining cases. When there is significant uncertainty in defining cases,

particularly for outcome measures or inclusion criteria, sensitivity analyses

exploring several case definitions should be considered to determine the

impact of alternative case definitions (Motheral and Fairman 1997). Case

definitions should be based on previous research, ideally citing research that

has validated a particular set of ICD-9 case definitions against external

sources such as medical charts and other sources (Robinson et al. 1997;

Hebert et al. 1999; Du et al. 2000, 2006; Walkup et al. 2000; Twiggs et al.

2002; Koroukian et al. 2003; Zhan et al. 2007).

If the investigator wishes to build a comorbidity measure or map

ICD-9-CM codes or drug codes to clinically distinct classifications, there

are several publicly available comorbidity indices with the most widely used

being based on the Charlson index (Deyo et al. 1992; Clark et al. 1995;

Iezzoni et al. 1997; Elixhauser et al. 1998; Lamers 1999; Kronick et al.

2000). Comorbidity indices can be used for two general purposes in

retrospective studies. They serve as an initial basis to map ICD-9-CM codes

into clinically distinct groups and these groupings can be used to build

individual measures or variable indicators, and as separate variables in a

regression analysis. Another use is that each of the comorbidity indices can

be used to build a single metric of comorbidity where each category is

weighted to form a single composite score. An alternative approach to map

individual ICD-9-CM codes is to use the free online Clinical Classification

Software (CCS), which maps all ICD-9-CM codes into hierarchical or

nonhierarchical clinical groups available from the Agency for Healthcare

Research and Quality (AHRQ).

Coding for services, procedures, and products

The HCPCS, commonly pronounced “hikpiks codes,” is the initial basis for

identifying services, procedures, supplies, and products in a medical facility.

There are two levels of HCPCS codes. Level 1 codes are current procedural

terminology (CPT-4), developed by the American Medical Association

(AMA) to build a common listing of procedures and services performed
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primarily by physicians. Level 2 HCPCS codes describe ambulance services

and durable medical equipment, prosthetics, orthotics, and supplies that do

not have a CPT code. CPT codes use a 5-digit numeric coding structure

and HCPCS codes use a 5-digit alphanumeric structure with the first digit

corresponding to a letter followed by four numeric characters.

CPT codes can be grouped using the conventions found in Table 12.1.

CPT codes may also include a modifier of two additional numeric digits to

indicate that the service has been altered. For example, a CPT code with a

modifier of “-62” would indicate that two surgeons were involved in the

procedure. For providers reimbursed on a fee-for-service basis, there would

be a fee schedule for each specific procedure and this is the primary basis for

determining the amount paid for professional services. As CPT codes are a

proprietary system maintained by the AMA, there are no widely available

code dictionaries freely available, but one can obtain a CPT manual from

the AMA and other sources to identify specific codes that may be of interest

to a researcher.

Level 2 HCPCS codes are maintained by CMS in conjunction with

AHRQ. Before 2003, local HCPCS codes (level 3) were used regionally to

define services not specified in the first two HCPCS levels. However, the

level 2 HCPCS codes have become more comprehensive, thus reducing the

need for local codes. Researchers should, however, be aware that, the older

the data they are working with, the more likely they may encounter local

codes. Level 2 HCPCS codes are categorized based on the conventions

described in Table 12.2. HCPCS code descriptors can be obtained freely

from the CMS. Level 2 HCPCS codes can be particularly important for

researchers wishing to study non-oral drugs that are routinely administered

in a physician office or clinic and may have to become familiar with J-codes

to identify use of many drugs administered intravenously or through

intramuscular injections, including most biologics. HCPCS codes are

generally going to be the only source to identify exposure to these drugs

in a claims database setting.

Table 12.1 CPT code groups

Procedure type CPT code ranges

Evaluation and management 99201 to 99499

Anesthesiology 00100 to 01999 and 99100 to 99140

Surgery 10040 to 69979

Radiology 70010 to 79999

Pathology 80002 to 89399
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Summary and conclusions

This chapter provided an overview of the data sources that describe the health

benefits delivered through the two largest public systems in the USA,

Medicaid and Medicare. It also provided insights into common administra-

tive data structure and coding conventions that can be applied to a variety of

health claims data sources. These are important considerations in conducting

pharmaceutical practice and policy research based on health claims data.

However, there is an array of topics that were excluded from this chapter

such as statistical approaches and human participant issues that are important

and the reader should become familiar with these subjects.

As with any research endeavor, having a research hypothesis and

clear operational definitions is going to strengthen the research and afford

it more validity. Having predefined hypotheses, participant inclusion criteria,

operational definitions, and an analysis plan is more critical in the field of

observational claims research. Data are literally available for millions of

participants at affordable prices; the potential to drive a particular finding

by altering any of the steps in the research process is always present. There is

simply no requirement to register the analysis plans of observational data

analyses and a strong, ethical, hypothesis-driven approach to research is

critical to obtain valid results. To that end, recently convened task forces have

described good research practices for claims database research that highlight

this critically important practice in observational research, among other

valuable topics, covering the reporting, design, and analysis of retrospective

data base research (Cox et al. 2009; Berger et al. 2009; Johnson et al. 2009).
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Table 12.2 HCPCS level 2 code groups

HCPCS type HCPCS code ranges

Transportation A0000–A0999

Medical supplies A4000–A8999

Dental procedures D0000–D9999

Durable medical equipment E0100–E9999

Nonoral drugs administered J0000–J9999

Orthotic/Prosthetic procedures L0000–L9999

Vision/Hearing services V0000–V5999
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Review questions

1 What demographic groups aremost and least likely to be represented in

a Medicaid database?

2 What demographic groups aremost and least likely to be represented in

a Medicare database?

3 Where would you find procedure codes in a claim: the header or the

claim detail?

4 What are the standard codes to identify the following?

a Procedures

b Diseases

c Drugs

5 What is the standard form to bill for the following services?

a Physician

b Long-term care

c Inpatient hospital
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13
Secondary data analysis:
commercial data

Robert J Valuck and Betsey Jackson

Chapter objectives

* To describe the major types of commercial data
* To present the key attributes of commercial data
* To discuss issues to be considered when choosing a commercial

data source

Introduction

In the conduct of pharmaceutical practice and policy research, a number of

research methods and data sources are available to investigators. When pos-

sible, randomized controlled trials and primary data collection are used,

because they are considered the “gold standard” methods for establishing

causal relationship. In some situations, however, it may be unethical, unfea-

sible, too time sensitive, or cost prohibitive to use suchmethods. In such cases,

secondary data analysis is an alternate approach that can be employed to

address a research question.

As described in Chapter 12, secondary data analysis involves the use of

existing data (collected for purposes such as administration of healthcare

insurance benefits, payment of provider claims for services provided) to

conduct research. Secondary data may be obtained from various sources –

government-sponsored health programs (Medicare, Medicaid, Veterans’

Health Administration, etc.), national surveys (Medical Expenditure Panel

Survey, National Health and Nutrition Examination Survey, etc.), registries

(vital records, birth registries, the National Death Index), or from commercial

vendors who obtain, aggregate, and de-identify the data and then make them

available for a fee to researchers for the purposes of their investigations.

For the purposes of this chapter, commercial data are defined as patient-

level data that are commercially available (i.e., can be licensed for research
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use), which does not necessarily imply that the patients (participants) in

commercial datasets are covered by commercial insurance plans. Most com-

mercial databases are derived from either administrative or clinical systems,

available from vendors in the USA and, to a lesser extent, other countries

around theworld, reflecting the healthcare experiences of individuals living in

those countries. Commercial databases offer researchers readily available,

pre-existing sources of data for their work when other data sources (primary

data collection, secondary data from government sources, etc.) are not viable

or ideal.

This chapter is organized in an expanded-outline format, conducive to

describing the major types of commercial data and their key attributes. This

does not cover specific datasets from specific vendors in detail, because the

marketplace for such datasets is ever changing and any highly detailed

descriptions would fall out of date rapidly. Rather, for each type of commer-

cial data, the following aspects are described:

* Primary purpose of the data: Why were the data collected?
* Mechanisms of data provision: How did the dataset become available?
* Settings captured: Which medical and/or pharmacy providers are included?
* Data captured: What data are captured in each setting? For example,

pharmacy, diagnosis, procedures, charged and/or paid amounts,

laboratory [automated/reference lab–not pathology inmost cases], and/or

clinical.
* Systematic gaps: Are there settings not captured?
* Longitudinal or cross-sectional: Can patients be followed over time? If so,

how long are patients typically covered in the database?
* Completeness: Might some data be missing? For example, some

prescription drugs may not be covered by insurance, including

contraceptives or other “lifestyle” drugs.
* Patient tracking in longitudinal data: How do you know whether the

patient is within the “window of observation”? Does no data mean no

services (healthy) or that the data are not being captured?
* Typical amount of history retained in a database: How far back in time are

claims/records available?
* Typical database size: How many patients are contained in the

database?
* Typical geographic representation: Is the database local, regional, or

national in scope?
* Linkages: Can the data be linked?
* Research questions that can/cannot be addressed: What are some of the

typical research questions that can be answered using the database?
* Examples of use: What are some examples of the use of this type of

database in pharmaceutical services or policy research?
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Commercial data source types

There are two basic classes of commercially available secondary healthcare

databases: administrative and clinical. Administrative databases originate

from insurance billing and other financial functions, whereas clinical data-

bases come frompatient care delivery systems. The former tend to lack clinical

detail and the latter financial (cost or payment) information.

The following subsections describe the basic types of databases within

each of these two broad categories, using the framework described above.

Although commercially available databases fall into one of the two categories,

some vendors offer multiple types and, increasingly, linkages are being

formed between various types of databases by single vendors and by vendor

collaborations. An understanding of the essential database types and how

they originate puts a researcher in a position to think through the more

complex hybrid offerings and determine which databases are best suited for

the researchers’ needs.

Health Insurance Portability and Accountability Act (HIPAA) compli-

ance, or individual privacy protection, is common to all databases and, of

course, is taken very seriously. The point at which patient identifiers are

encrypted or removed (thus de-identifying the data) varies and has implica-

tions for the feasibility and accuracy of linking data across sources. Research

using commercial databases is most often conducted under the specific terms

and conditions of a license agreement, with an additional data use agreement

specifying additional details (such as who may have access to the data, how it

will be transported and stored, how it will be returned or destroyed after the

study). Although commercial database vendors may or may not require an

institutional review board (IRB) review to be obtained by researchers licens-

ing their data, it is a standard and accepted scientific practice that all research

be reviewed and approved by an appropriate IRB before being undertaken.

Taking these issues into consideration, in practice no database type or

source is the best; database selection is always a matter of finding the best fit

between the research questions and the available databases. Some of the key

considerations in finding the best fit are discussed later in the chapter.

Administrative databases

Insurance claims, open databases

These are very large databases with claims that are obtained from sources

other than the claim payer.

* Primary purpose of the data: these data are collected in the reimbursement

process for medical services or pharmacy purchases from health insurers to

service providers. These are available only for individuals with some kind
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of health insurance (either public such as Medicare, Medicaid, and/or

Veterans Affairs [VA]; or commercial/privately purchased such as from a

Blue Cross and Blue Shield plan, Aetna, United, Humana, large self-insured

employer). This is essentially billing data, derived from standard Centers

for Medicare and Medicaid Services (CMS) billing forms; they have been

universally adopted by payers.
* How data become available: datasets are available through acquisition

from pharmacy benefit managers (PBMs), large pharmacy chains, medical

providers, electronic data interchanges (clearing houses or “switches”

which process claims from pharmacies, hospitals, and professional

providers). Any of the steps in the claims processing cycle may be sources.
* Settings captured: primarily pharmacy claims for prescription drug

purchases (not over the counter); also professional provider (both primary

care and specialist), hospital outpatient, and inpatient setting are

captured.
* Data available from pharmacy claims: the National Council for

Prescription Drug Programs (NCPDP) standard data format is used for

prescription drug claims. The fields extracted for secondary use usually

include: national drug code (NDC) unique drug identifier, patient

identifiers (may be encrypted from the source), patient demographics

(usually not including ethnicity or race), quantity dispensed, therapy days

supplied, patient copayment, amount billed to insurance, and actual

amount paid by insurance. Data do not include proprietary or generic

names, strength, or dosage; these can be linked based on the NDC code.

Pharmacy data do not include diagnosis, because physicians are not

required to provide that information when writing a prescription.
* Data available from professional provider claims: the extracted fields of

CMS-1550 claim forms typically include patient identifiers (may be

encrypted from the source), patient demographics (usually not including

ethnicity or race), service date, provider identifier (may be encrypted from

the source), provider specialty, place of service (can be inpatient),

diagnosis, procedures, patient copayment, amount billed to insurance,

and actual amount paid by insurance.
* Data available from hospital claims: the extracted fields of CMS-1450

(UB-04) claim forms typically include patient identifiers (may be

encrypted from the source), patient demographics (usually not including

ethnicity or race), service date, admission date if applicable, provider

identifier (may be encrypted from the source), diagnoses, procedures,

patient copayment, amount billed to insurance, and actual amount paid

by insurance. Hospital claims do not include medications administered

at the facility. Hospital medications are billed as a lump sum for drugs.
* Systematic gaps: claims that are processed outside the catchment of the

particular database are not captured.
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* Longitudinal vs cross-sectional: longitudinal. It is possible to observe a

patient over time; typically, patients can be followed for 2 or more years.
* Completeness: open claims databases do not necessarily capture all claims

for a given individual, because a personmay use varying providers and not

all of those will be captured. Patient eligibility for insurance is not

captured, so a lack of claims may represent either a lack of insurance or a

period of good health with no services. For example, in a study of healthy

young people experiencing repeat ear infections, lack of a second

antibiotic claim or physician encounter could result from lack of repeat

treatment, lack of capture of services due to changes in providers, or lack

of capture due to a change in insurance status. Research in chronic

conditions claim activity is a proxy for presence. As all-payer databases,

these capture claims paid by public payers (Medicare, etc.).
* Patient tracking: the lack of insurance eligibility data makes the total

period of patient presence in a database, start and end dates, unknown.
* Typical amount of history retained in a database: most datasets involve 3

or more years, and more than 5 years for some data.
* Typical database size: these datasets are very large containing significant

percentages of all electronic claims processed.
* Typical geographic representation: most datasets are nationally

representative.
* Linkages: claims data can be linked with data from automated

laboratories in some cases.
* Research questions that can/cannot be addressed: questions related to

healthcare product/service utilization studies, patterns of care, and trend

analysis can be addressed. Some retrospective observational designs can

address comparative effectiveness, safety, and cost. No prospective or

randomized designs are possible, so, for comparative studies, advanced

statistical methods must be used to address issues of nonrandom

allocation, channeling bias, confounding by indication, etc. Further,

population sizes (denominators) typically are not available, so calculation

of true incidence/prevalence rates may not be possible.
* Examples of use: Segal et al. (2007) used commercial data from i3Innovus

to estimate the effects of long-term treatments on total healthcare charges

and hospitalizations in patients with new diabetes medications versus

established drugs. In this example, new diabetes drugs showed no

demonstrable differences in outcomes relative to existing

therapies. Robinson et al. (2006) used the Medstat MarketScan

Commercial Claims and Encounter database to study rates of adherence

to National Committee for Quality Assurance (NCQA) medication

managementmeasures for antidepressant treatment. They found that only

19 percent of depressed patients started on antidepressants met all three

NCQA treatment appropriateness criteria. Libby et al. (2007) used the
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IMS/PharMetrics Patient Centric Database to study the effects of the US

Food and Drug Administration (FDA) Black Box Warning on

antidepressants and suicidality on patterns of depression care among US

managed care enrollees. They found that, after the warning, rates of

diagnosis and pharmacologic treatment declined, reversing several years

of prior growth trends.

Insurance claims, closed population databases

These are very large databases with claims and insurance eligibility data that

are obtained from claim payers, typically from many payers:

* Primary purpose of the data: same as in open claims data above.
* How data become available: directly or indirectly from health insurers.

These databases are sometimes called “managed care databases”;

however, not all insurance plans are managed care plans. Some insurers

license their own data for research; although concerns about member

sensitivity are a barrier, some conduct research using their own claims

data but will not release the data. Data are available indirectly through

businesses providing services to health plans (as do large self-insured

employers) and through pooling data from numerous clients in the

process; the pooled data become a secondary revenue stream.
* Settings captured: pharmacy (retail and some mail service), professional

provider (both primary care and specialist), and hospital (outpatient and

inpatient facility services).
* Data available within each setting: same as in open claims data above.
* Systematic gaps: any medical services that are not paid by the health

insurer.
* Longitudinal vs cross-sectional: longitudinal. It is possible to observe a

patient over time, typically for periods of 1–2 years, as a function of people

changing employers and/or health plans.
* Completeness: any medical services that are not paid by the health insurer

will bemissing. This includes “lifestyle” drugs, some contraceptives, some

nontraditional therapies, and 100 percent Medicare-paid services for

elderly people. Some do not capture mail service drugs for chronic

conditions. Some lack behavioral health services provided by third party

providers. Note that each health plan has a unique benefits structure;

benefits information is not generally available.
* Patient tracking: insurance eligibility data are included in these databases,

making it clear when the individual enters and exits the database and

whether coverage was for medical, pharmacy, or both services at any

point in time. Eligibility data also include type of plan (managed care,

preferred provider organization, etc.). Accurate tracking is possible.
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* Typical amount of history retained in a database: 5 or more years.
* Typical database size: in any given recent year, 10–20million total eligible

individuals.
* Typical geographic representation: national.
* Linkages: with data from automated laboratories; hospital administrative

data including inpatient medications.
* Research questions that can/cannot be addressed: similar questions can be

answered, and approaches used, as were noted previously for “open”

insurance claims databases.
* Examples of use: Valuck et al. (2003) used data from Aetna, Inc. to

identify demographic, clinical, and pharmacotherapy-related factors

associated with response to lipid-lowering drug therapy among

members of a US managed care organization. They found that, despite

better lipid-lowering results among users of higher potency

hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase inhibitor

(statins) drug regimens, only a small percentage of participants received

such regimens. Nair et al. (2005) used data from a single western US

managed healthcare plan to evaluate the impact of increased

copayments on the continuation of nonformulary medications in

multitiered pharmacy benefit plans. They reported that individuals

confronted with increased copayments often switched their

nonformulary drugs to formulary-listed alternatives. McClure et al.

(2007) used data from Kaiser Permanente Health Plan of Colorado to

study the risk of myositis associated with statin and fibrate drug use,

and found that these drugs were significantly predictive of increased

myositis risk, along with renal and liver disease as other independent

risk factors.

Hospital databases, administrative

These are databases of billing records obtained from hospitals or hospital

systems:

* Primary purpose of the data: billing, either insurers or patients, and for

internal administration such as cost accounting.
* How data become available: through hospital collaborations or

companies that provide analytic services to hospital clients and have the

right to license the data for research.
* Settings captured: varies; all include inpatient (IP) data (defined as at least

one night stay); some also include outpatient (OP) services such as

emergency room, outpatient day surgeries.
* Data available for IP,OP: patient demographics (may include ethnicity);

drug administered (not prescriptions given at discharge); all or most

Secondary data analysis: commercial data | 233



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 13 Dated: 28/9/2010 At Time: 15:59:41

diagnoses; all or most procedures; cost or cost-to-charge ratios. Some are

beginning to include hospital laboratory results from the hospital labs.
* Systematic gaps: no care outside the hospital, so it is not possible to follow,

for example, drugs used pre- and post-discharge.
* Longitudinal vs cross-sectional: cross-sectional data. It is not possible to

track patients across hospitals. Same-hospital care can be tracked.
* Completeness: complete; all data are captured for the encounter because

these are “all payers” databases.
* Patient tracking: an individual returning to the same hospital or hospital

group can be identified as the same patient, otherwise tracking is not

possible.
* Typical amount of history retained in a database: at least 5 years.
* Typical database size: the unit of measure for these databases is the

discharge because patients cannot be identified uniquely. These databases

have 20–40 million total discharges.
* Typical geographic representation: quite broad; a function of the

contributor base; some can project to the USA.
* Linkages: with claims data to create longitudinal data; all-service data

with inpatient drug data.
* Research questions that can/cannot be addressed: hospital admissions

and/or discharge studies; patterns of hospital care; cost of hospital care or

diagnosis-related group (DRG) studies.May be difficult to study the use of

specific medications and utilization patterns, or to study care before or

after hospital stays.
* Example of use: Kieszak et al. (1999) used hospital billing data to

determine whether administrative data could be used to replicate the

Charlson Comorbidity Index (originally developed via manual review

of medical charts on a subject-by-subject basis). They reported that

the index was found to be a significant predictor of inpatient mortality,

30-day mortality, length of stay, and complications, after controlling for

age, gender, and neurologic and medical risk factors.

Clinical databases

Electronic health records databases, hospital

These are databases of patients’ electronic health records (electronic charts;

EHRs) obtained from hospitals or hospital systems.

* Primary purpose of the data: hospital clinical systems to deliver patient

care.
* How data become available: typically from companies that sell the

systems and make arrangements for data sharing among users.

234 | Research Methods for Pharmaceutical Practice and Policy



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 13 Dated: 28/9/2010 At Time: 15:59:41

* Settings captured: hospital IP, possibly hospital OP services.
* Data available: hospital demographics: number of beds, geographic

region, type of hospital (teaching, nonteaching, specialty, etc.); patient

demographics, including ethnicity; insurance information; medications

given (usually from the hospital pharmacy system); diagnoses; procedures;

laboratory results including microbiology; billed charges (not paid

amounts).
* Systematic gaps: no care that was provided outside the hospital, so

it is not possible to follow, for example, drugs used pre- and post-

discharge.
* Longitudinal vs cross-sectional: cross-sectional data. It is not possible to

track patients across hospitals. Same-hospital care can be tracked.
* Completeness: complete, in that all data are captured for the encounter

because these are “all payer” databases.
* Typical amount of history retained in a database: 5 or more years.
* Typical database size: 10þ million discharges.
* Typical geographic representation: quite broad; a function of the

contributor base.
* Linkages: potential, particularly with claims data.
* Research questions that can/cannot be addressed: hospital admissions

and/or discharge studies; patterns of hospital care. May be difficult or

impossible to study costs, or the use of specific medications and utilization

patterns, or to study care before or after hospital stays.
* Examples of use: Hunteman et al. (2009) used data from an inpatient

hospital to analyze rates of drug-allergy alerts and responses among

medications ordered in the hospital’s computerized charting system,

and found that, although only 1.3 percent of orders generated

drug-allergy alerts, most of the alerts were overridden by

prescribers. Hemstreet et al. (2006) used hospital laboratory and

medical records data to evaluate potassium and phosphorus repletion in

hospitalized patients, and to assess the role of computerized decision

support systems for improving the use of oral electrolyte replacement

therapy dosing. They found that computerized decision support

systems can reduce rates of inappropriate potassium and phosphorus

use in the hospital setting.

EHR databases, physician

These are databases of patients’ EHRs (electronic charts) obtained from

individual physicians or practices.

* Primary purpose of the data: clinical systems to deliver patient care, i.e.,

“the automated or computer-based chart.”
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* How data become available: typically from companies that sell the

systems to physicians and make arrangements for data sharing among

users.
* Settings captured: predominantly primary care community-based

physicians with practices of varying sizes, some specialists.
* Data available: practice demographics, patient demographics including

ethnicity, patient history for key conditions, insurance information,

diagnoses, any procedures, blood pressure, height, weight, smoking status,

laboratory results for many common tests (HbA1c, blood glucose

measures, etc.).Medication orders are included but not prescriptions filled.
* Systematic gaps: no other settings are captured, e.g., a hospitalization

would not be recorded.
* Longitudinal vs cross-sectional: longitudinal. Patients may be followed as

long as they remain within the practice (this is typically 2–3 years,

sometimes longer).
* Completeness: complete, in that all data are captured for the encounter

because these are “all payer” databases.
* Patient tracking: a patient is presumed to be within the window of

observation as a function of medical activity – a long period of absence

suggests leaving the practice.
* Typical amount of history retained in a database: 5 or more years.
* Typical database size (total patients): can be millions of patients.
* Typical geographic representation: quite broad; a function of the

contributor base.
* Linkages: potential, particularly with claims data.
* Research questions that can/cannot be addressed: physician practice

patterns (patterns of diagnosis, treatment, procedures, referrals, etc.);

physician prescribing patterns (vs dispensed drug patterns in pharmacy

claims); studies needing laboratory data (orders, results), clinical data

(family history, social history), or other more specific detailed clinical

data. May not be possible to study costs of care, or prescribed versus

dispensed medication use. Observational study designs will require

advanced statistical approaches to address nonrandom allocation,

confounding by indication, etc.
* Example of use: Pace et al. (2009a) describe the use of a network of

EHR data from eight organizations (representing more than 500

clinicians and 400 000 patients) to conduct comparative effectiveness

and safety research that is enhanced with clinical information not

available in traditional claims-based analyses. A report (Pace et al.

2009b) from their study of comparative effectiveness and safety of oral

diabetes medications (ODMs) for adults with type 2 diabetes mellitus

found no demonstrable differences across individual ODMs in terms of

effectiveness or safety.
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EHR databases, integrated delivery network

These are databases of patients’ EHRs (electronic charts) obtained from net-

works of physicians, practices, or clinics:

* Primary purpose of the data: clinical systems to deliver patient care across

the entire medical delivery network. Geisinger Health Systems and Henry

Ford Health System are examples of integrated delivery networks (IDNs).
* How data become available: either directly from a single IDN or from

collaborations among multiple IDNs or other groups coordinating data

sharing.
* Settings captured: all physicians (primary care and specialists), hospitals,

laboratories, and in some cases pharmacies within the IDN. Retail

pharmacy activity is typically not included.
* Data available: patient demographics including ethnicity, patient history

for key conditions, insurance information, diagnoses, any procedures,

blood pressure, height, weight, smoking status, laboratory results for

many common tests (HbA1c, blood glucose measures, etc.), as well as

specialized tests such as bone mineral density and spirometry in some

cases. Medication orders are included but not prescriptions filled.
* Systematic gaps: services provided outside the IDN are not captured, such

as visits to a non-network specialist or hospital.
* Longitudinal vs cross-sectional: longitudinal. Patients can be tracked

from first to last encounter; typically this is over a span of a few years,

sometimes many years – again, depending on patient turnover or

movement from one healthcare system to another.
* Completeness: all in-network services are included. Some clinical detail

recorded in text fields (notes) may not be available.
* Patient tracking: lack of activity could mean a true lack of activity,

treatment outside the system, or patient has left the network.
* Typical amount of history retained in a database: 5 years.
* Typical database size: individual IDNs tend to be in the range of<500 000

total active patients.
* Typical geographic representation: narrow for individual IDNs, broader

but specific for multiple IDN collaborations.
* Linkages: with claims data for the subset of individuals who are both

treated in the IDN and insured by the associated insurer.
* Research questions that can/cannot be addressed: similar questions can

be answered, and approaches used, as were noted previously for

physician-level EHR databases.
* Examples of use: Newman et al. (2000) described the implementation of

an osteoporosis disease state management program in the Penn State

Geisinger Health System, and found that the multidimensional program

resulted in improvements in osteoporosis outcome and process measures
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across this large, rural health network.McCullough et al. (2002) used data

from the Henry FordMedical System in Detroit, Michigan, to confirm an

increased rate of heart failure diagnoses in that area, corresponding with

epidemiologic studies from other regions of the USA.

Therapeutic area-specific (or disease-specific) clinical databases

These are databases of individuals with a specific condition or disease, or

taking a certain medication, and are used for longitudinal follow-up studies:

* Primary purpose of the data: tailored clinical systems for patient care in

specialized clinics such as oncology or HIV.
* How data become available: typically from companies that sell the

systems and make arrangements for data sharing among users.
* Settings captured: specialists, group practices, and clinics treating the

condition.
* Data available within each setting: similar to other clinical systems, varies

by system.
* Systematic gaps: no other settings are captured, e.g., hospitalization or

treatment for other conditions would not be recorded.
* Longitudinal vs cross-sectional: patients can be tracked as long as they are

treated at the site.
* Completeness: most treatment within the clinic is captured, although the

research data are an extract and may lack important information,

especially that recorded in text fields such as notes.
* Patient tracking: patients can be tracked within the clinic; generally a

patient’s reason for disappearance from the data is not known.
* Typical amount of history retained in a database: 2 or 3 years; can be as

many as 10.
* Typical database size: between 100 000 and 300 000 total patients.
* Typical geographic representation: specific regions where the systems

have been implemented.
* Linkages: potential, particularly with claims data.
* Research questions that can/cannot be addressed: descriptive (case report

or case series) studies of clinical presentation, patterns of treatment

(including drug utilization and dosing detail), outcomes, and costs for

patients with specific medical conditions, if data are available. Historical

control studies are possible, as are registry-type analyses. Randomized or

comparative observational studies are difficult.
* Examples of use: Davis et al. (1995) used data from the Coronary Artery

Surgery Study (CASS) registry to compare 15-year survival rates among

men and women receiving either medical or surgical management of

coronary artery disease. They reported that those receiving initial surgical
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treatment survived longer, particularly those at high risk. Piccirillo et al.

(2004) used a hospital-based cancer registry to assess the effect of

comorbidities on survival for patients with cancer. They reported that

comorbidity is an important, independent prognostic risk factor for

patients with cancer, and recommended that comorbidity information be

routinely collected in disease-based registries.

Considerations in choosing among
commercial data sources

Deciding whether a commercial database may be most suitable for a partic-

ular research study or question (and, if so, which one) is a complex matter,

and many factors must be taken into account, including an understanding of

the key attributes of the major database types (covered above), as well as the

specific nuances of a particular research study, the design being employed,

and the question being addressed.

To illustrate some of the many nuances that must be considered when

choosing among commercial data sources, a study referenced previously

(Pace et al. 2009b) is used as a case example. In that study, Pace and

colleagues were funded by the federal government to evaluate the compar-

ative effectiveness and safety of ODMs for adults with type 2 diabetes

mellitus. In performing the first part of their study, the research team faced

a decision about which commercial data source to use, to help them estab-

lish background rates and patterns of ODM use, and relative rates of effec-

tiveness (reduction in glycated hemoglobin or HbA1c) and safety

(occurrences of liver enzyme elevation or liver failure) of ODMs in primary

care. Issues that had to be considered in selecting a commercial database for

this purpose included:

* Continuous observation: often longitudinal studies such as the

retrospective cohort design employed in this case require lengthy

continuous observation periods. Pace et al. needed to identify new cases of

diabetes, so they required a 1-year period of eligibility for each participant

without any claims indicative of a diabetes diagnosis or an ODM

prescription. They also required at least 1 year of follow-up after ODM

initiation, to allow sufficient time for outcomes to possibly occur and be

detected.
* Hospital detail: sometimes studies focus on the use of medications in the

hospital setting; in the case example, no such informationwas necessary as

the focus was on outpatient treatment in primary care.
* Clinical detail: in this case, specific parameters such as body mass index

(BMI) and family history of diabetes were considered “wish list” variables

(i.e., not required, but desirable) in the commercial data source.
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* Time period: continuous eligibility of at least 2 years was required for the

ODM study. A 5-year time window (i.e., 2003–2007) was chosen, to

allow for the identification/accrual of sufficient numbers of study

participants.
* Laboratory requirements: lab results required data elements to establish

the primary effectiveness and safety outcomes, so a database with lab

results was needed. Further, participants had to have both a baseline

HbA1c and at least one follow-upHbA1c test result 1month ormore after

starting ODM therapy, to be included in the study population.
* Recentness of the data: the study period (5-year time window) was

also defined more specifically as the most recent 5 calendar years of

data availability (i.e., 2003–2007), with the goal of reflecting current

treatment patterns as closely as possible. Thus, participants meeting

the study inclusion criteria, but starting ODM before 2003, were

excluded.
* Patients >65 years of age: the study population was adults with type 2

diabetes, and there was no specific need to study participants aged

>65 years. Somewere included in the database, but this was not by design

for this particular study. Had this been a specific need, other database(s)

might need to have been considered.
* Financial information: cost analysis was not a focus of the study; but, if it

were, attention would need to have been given to the extent and nature of

the financial information contained in the database (e.g., drug costs,

medical costs, laboratory costs).
* Financial detail: there was no cost analysis; had there been such a focus,

data elements such as patient coinsurance amount, copayment amount,

deductible amount, payer paid amount, and provider submitted amount

may have been needed.
* Mortality: mortality was not an outcome focus. Generally, mortality data

themselves are not available; “discharge status” is sometimes available,

but is an incomplete proxy.
* Productivity: productivity was not included in this study as an outcome

or intermediary variable focus. Had that been the focus, a database

that includes variables such as sick time, workers’ compensation claims,

and disability claims may have been desirable so that indirect cost

analysis could be performed.
* Budget: the budget for acquisition of a commercial data source was

sufficient to purchase an extract of data and obtain a 1-year license for

analysis of the data. As of this writing, most commercial databases are

available for single-study license fees of US$50 000–120 000 with varying

conditions regarding term of use.
* Analytic capacity: the research teamwas experienced in using, handling,

analyzing, and publishing the results from commercial data sources.
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They used large computer servers at a university to house the data

and run the analyses, and to ensure that privacy and confidentiality

were protected (per the grant terms, and the database license terms).

Experienced programmers and analysts were employed to run the

analyses.

In the case example, several commercial databases were considered for

possible use, and a database from Ingenix (the Impact National Managed

Care Database) was used for the first stage of the analyses. Subsequently,

EHR data from a network of primary care physicians (DARTNet) were used

in second stage analyses, to replicate the initial findings and augment them

with detailed clinical data (Pace et al. 2009a, 2009b).

Finally, although it is impossible to list all of the commercially available

databases that might be considered for research purposes, several database

resources and catalogues are available that describe a number of these data-

bases. It is worth consulting these catalogues, reviewing them, and specifying

questions to the database vendors directly or to individuals who have exper-

tise in this area. The International Society for Pharmacoeconomics and

Outcomes Research (ISPOR) has developed an electronic index (Digest) of

key attributes of healthcare databases around the world – 192 in total, 90 in

the USA, and 102 in other countries as of July 2010 – and the digest is

available at the ISPOR website, which is accessible to the public. The digest

is grouped by country and allows key word searches and searches by type of

database, and can be accessed at the URL provided at the end of this chapter

(under Online resources).

Summary and conclusions

Commercial data sources – both administrative databases originating from

insurance billing and other financial functions, and clinical databases

derived from patient care delivery systems – offer an important and viable

source of data for many research questions and designs. Secondary data

analyses using commercial data have proven to be an important part of the

outcomes researcher’s armamentarium, particularly: when large popula-

tions receiving standard care in the community are of interest; when

prospective, randomized studies are not possible, ethical, feasible, or

affordable; or when the question being addressed is of particular urgency.

Many commercial databases are available, each having its own unique

strengths and limitations, and researchers should consider these databases

when formulating their research questions, study designs, and analysis

plans. Specialized database agents may also be available to assist research-

ers with determining available data options and the resource(s) that best fit

their needs.
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Review topics

1 Describe the major types of commercial databases available to

researchers, focusing on sources of data (i.e., origin of the data, or

where generated).

2 List key attributes of commercial databases, comparing and contrast-

ing the data that come from administrative claims versus electronic

health records.

3 Discuss some of the issues that must be considered when identifying/

selecting the best data source for a particular research question/project.
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14
Secondary data analysis:
national sample data

Rajender R Aparasu

Chapter objectives

* To describe national sample data sources
* To explain the complex sampling scheme in national surveys
* To present analytical considerations for national survey data

analysis
* To discuss research approaches involving national survey data
* To identify strengths and weaknesses of national surveys

Introduction

National surveys are sponsored by various federal and nonfederal agencies

to provide valuable healthcare data at the national level. Surveys conducted

by federal agencies are primarily designed to provide data to congress and

policy makers. Public use data files from national surveys are available to

researchers and practitioners to address various pharmaceutical practice and

policy-related issues. The National Center for Health Statistics (NCHS) is the

principal federal data collection agency under the Centers for Disease Control

and Prevention (CDC). Other federal agencies conducting national surveys

include the National Institutes of Health (NIH), the Centers forMedicare and

Medicaid Services (CMS), and the Agency for Healthcare Research and

Quality (AHRQ).National survey data are also available from the researchers

funded by nonfederal agencies, such as the RobertWood Johnson Foundation

or the Kaiser Family Foundation.

Secondary data from national surveys are valuable because it is

relatively easy to obtain the data and the findings are generalizable to

the nation. There are a number of national survey data sources that are

relevant to pharmaceutical practice and policy research. Most of the

surveys involving medication use data are conducted by the federal
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agencies, such as the NCHS, the AHRQ, and the CMS. This chapter

primarily presents common national surveys conducted by federal agencies

involving medication use data and explores the complex sampling scheme

involved in these national surveys. The chapter also discusses common

research approaches involving national survey data and the analytical

considerations due to the complex sampling scheme. Finally, the strengths

and weaknesses of national surveys are identified.

National surveys

The NCHS conducts a number of annual and periodic surveys at the

population and provider levels (Kovar 1989). Population-based surveys

collect person- or patient-level data using interviews and examinations. The

unit of observation in population-based surveys is usually the person or

patient. Examples of population-based surveys include the National Health

Interview Survey (NHIS) and theNationalHealth andNutrition Examination

Survey (NHANES). Provider-based surveys collect utilization data from

various clinical settings using surveys and data abstraction procedures. The

unit of observation in provider-based surveys is generally the patient visit

or discharge. Examples of provider-based surveys include the National

Ambulatory Medical Care Survey (NAMCS), the National Hospital

Ambulatory Medical Care Survey (NHAMCS), and the National Nursing

Home Survey (NNHS). The population-based surveys provided by other

agencies include the Medical Expenditure Panel Survey (MEPS) and the

Medicare Current Beneficiary Survey (MCBS). The data from these surveys

are available to researchers and practitioners and brief descriptions are pro-

vided below.

National Health Interview Survey

The NHIS collects detailed health status and healthcare utilization data

on the US civilian noninstitutionalized population (Botman et al. 2000).

A nationally representative probability sample of approximately 40 000

households and noninstitutional group quarters participate in the NHIS.

Computer-assisted personal interviews (CAPIs) are used by trained

professionals to capture data on approximately 100 000 individuals in

the households. The NHIS is an annual cross-sectional survey based on

stratified multistage sample design that involves a probability sample of

primary sampling units (PSUs), area segments, and permit segments within

the PSUs, households within the segments, and finally the respondents

within the households. In national surveys, a PSU is usually a county,

a few adjacent counties, towns or township, or a metropolitan area.

The NHIS obtains person-level data on chronic conditions, healthcare
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utilization, health status, health insurance, access to medical care, health

behaviors, and immunization. The basic or core module and other interview

supplements are used to collect data at various levels, namely household,

family, and individual or person levels.

The basic module contains the family core, sample child core, and sample

adult core. The family core collects family-level information such as family

size and income; the sample child core collects detailed health status, health

service, and health behavior data on one child per family; the sample adult

core collects similar detailed data relevant to one adult per family. The other

interview supplements vary from year to year depending on the current health

topics. The data files provided for secondary data analyses include household

files, family and person-level files, sample adult files, and sample child files.

Person-level files can be merged with family- and household-level files to

obtain compressive data. This survey can provide detailed patient-level

data on morbidity, health-related disability, and healthcare utilization.

Medication-related data collected include prescription drug benefit, injury

due to medications, complementary medicine, and medication use by chil-

dren. The NHIS does not provide nature and extent of use of prescription

medication. The analysis can be performed at household and family levels to

evaluate costs and access issues. The sampled adult and child data can be used

to conduct analysis at the population level. The NHIS data are often used in

addressing the burden of a disease, access to prescription medications, and

prescription benefit issues.

National Health and Nutrition Examination Survey

The NHANES collects detailed health and nutrition data on the US civilian

noninstitutionalized population from interviews, physical examinations,

and laboratory tests (National Center for Health Statistics 1994). The

NHANES is a continuous, multi-year cross-sectional survey based on a

complex, four-stage probability cluster design with a sampling scheme

similar to the NHIS. Multiple data collection methodologies such as inter-

views, physical examinations, and laboratory tests are used to collect data

from approximately 5000 individuals each year. The NHANES uses CAPI

to collect extensive data on health conditions, environmental exposures,

health behaviors, and nutritional supplements and prescribed medications

usage. With respect to prescription medications, all medications used by

individuals in the past 30 days are collected using a medication inventory

method.

The NHANES uses mobile examination centers (MECs) to conduct

physical exams, physiologic measurements, and laboratory tests. The

exams include vision, audio, oral, and body measurements. The laboratory

component involves collection of biological and environmental specimens for
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various diagnostic tests. These exams are conducted by trained professionals.

Not all respondents participate in the medical exam component. The multiple

data files are provided for secondary data analysis for each of the following

components: demographic, examination, laboratory, and questionnaire.

All files can be merged using a respondent sequence number. Person-level

data from the NHANES can be used to examine disease or medication

prevalence patterns based on responded–reported data. The NHANES is

often used for determining the nature and extent of prescription medication

use in noninstitutionalized populations. The data source can also be used to

address prescription medication quality and access issues across diseases.

The analytical sample usually includes data collected for 2–4 continuous years

for sample size considerations.

National Ambulatory Medical Care Survey

The NAMCS collects detailed data on provision and use of ambulatory

services rendered in nonfederal physician offices in the USA (Bryant and

Shimizu 1988). The NAMCS is a cross-sectional annual survey of in-person

office visits. The NCHS utilizes a multistage probability design that involves

probability samples of PSUs, physician practices within the sampling units,

and patient visits within those practices. Over 1500 participating office-based

physicians complete the patient records for a systematic random sample of

their office visits during the assigned reporting period. Data are reported by

physicians or their office staff at the visit level using patient record forms. The

patient record form includes information pertaining to patient demographics,

reasons for visit, physician diagnoses, diagnostic services provided or ordered,

drugs prescribed, and disposition of the visit. Physician characteristics such

as specialty and region of practice are also collected before the survey

implementation.

Prescribing data involve up to eight prescription and nonprescription

medications, including all new or continued medications ordered, supplied,

or administered during each visit. Dosage and duration are not captured in the

NAMCS. Limited clinical data are collected in the NAMCS, such as blood

pressure, temperature, and body mass index. Laboratory tests ordered by

physicians are recorded but the test results are not captured. The NAMCS

data are available as a single analytic file for each year. The physician-col-

lected data from the NAMCS can be used to examine disease-specific visit

rates, use of ambulatory resources, and drug-specific or disease-specific

utilization reviews. The unit of observation and analysis is the visit and

NAMCS data cannot be used to examine population-based prevalence

estimates. The NAMCS is useful in addressing quality-of-care issues, such

as evidence-based and inappropriate use of medications. Prescribing trends

can also be examined by combining multiyear data.
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National Hospital Ambulatory Medical Care Survey

The NHAMCS provides data on ambulatory care rendered in hospital emer-

gency rooms and outpatient departments (McCaig and McLemore 1994). The

NHAMCS is a cross-sectional annual survey based on samples of patient visit

records from the emergency rooms and outpatient departments of noninstitu-

tional general and short-stay hospitals. The survey utilizes a four-stage sam-

pling design to select the PSUs, hospitals within a PSU, departments or clinics

within hospitals, and finally visits within the selected departments or clinics.

Data describing the clinical nature of the emergency visits include the patient’s

problem or complaint, prior visit status, referral status, physician’s diagnosis,

visit-related injury, surgical procedures performed, urgency of the visit, diag-

nostic and screening services, therapeutic services, counseling/advice provided,

medications rendered, disposition of the visit, and the providers seen.

The data collection instrument in outpatient departments is similar to that

of the NAMCS. Consequently, the data from the NAMCS and outpatient

departments of the NHAMCS can be combined to examine prescribing pat-

terns in nonemergency ambulatory settings. Physician specialty data are not

collected in the NHAMCS; instead it identifies the type of outpatient depart-

ment. Two analytical files are available for each year to provide data on

emergency rooms and outpatient departments. The emergency visit data from

the NHAMCS can be used to examine emergency visits and medication use

patterns in emergency rooms. The NAMCS and NHAMCS can be combined

to examine resource utilization patterns including medication use across

ambulatory settings. The combined NAMCS and NHAMCS data can also

be used to address access and quality-of-care issues in ambulatory settings.

National Nursing Home Survey

The NNHS is designed to provide nationally representative information on

nursing homes from two aspects: provider of services and recipient of care in

the USA (Jones et al. 2009). It is a periodically conducted cross-sectional

survey. The sampling is based on a stratified two-stage probability design,

with the first stage involving facilities and the second stage residents within

facilities. Over 1000 nursing homes participate in the first stage by providing

facility information on over 13 000 residents. TheNNHS is conducted using a

CAPI. It contains two facility-level modules and four resident-level modules

that are completed for up to 12 residents per facility. The facility-level mod-

ules are completed by an interviewer before the resident-level modules to

confirm the eligibility of the facility for the survey. Resident-level data are

organized into four modules: health status, nonminimum dataset, prescribed

medications, and payment sources. The data files for the NNHS include

facility, resident, and prescription files.
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The facility file contains facility characteristics, such as facility size, facility

ownership, Medicare/Medicaid certification, types of services provided,

staffing patterns, and specialty programs offered. The resident file contains

resident’s demographic characteristics, health status, diagnoses, services

received, charges, and sources of payment. The prescription file includes up

to 25 medications administered within 24 hours and up to 15 medications

taken by the resident on a regular basis, but not taken in the last 24 hours.

Similar to the NAMCS, dosage and duration of medication are not captured

in the NNHS. Although the NNHS is a provider-based survey, resident and

prescription files can be combined to analyze medication use patterns at the

resident level. Facility-level data cannot be combined with other files for

confidentiality issues. TheNNHS data can be used to assess nature and extent

of prescription use in nursing home settings in the United States.

Medical Expenditure Panel Survey

The MEPS is sponsored by the AHRQ and NCHS to provide the most

comprehensive information on healthcare use, expenditures, payment, and

coverage for the noninstitutionalized population in the USA (Cohen 1997).

The MEPS utilizes a multistage, clustered, sampling design to collect data

from a nationally representative sample of the US civilian noninstitutionalized

population. The federal agencies started conducting the MEPS annually in

1996. The multiple overlapping panels or cohorts of respondents for the

MEPS are derived from the NHIS to provide annual utilization and expendi-

ture data. The data collection for the MEPS involves four components:

household, medical provider, insurance, and nursing home. The medical

provider and insurance components are based on the household component,

which serves as the core survey for the MEPS. The household component

collects medical utilization and expenditure data at both individual and

household levels. Specifically, detailed data are collected on demographics,

heath conditions, health status, use of medical care including medications,

charges and payment, access to care, insurance coverage, income, and

employment. The medical provider component validates medical care

utilization data by contacting medical providers and pharmacies identified

by household respondents. The providers include hospitals, physicians,

home health agencies, and pharmacies. The insurance component collects

information on health insurance plans from employers, unions, and other

sources of insurance. The nursing home component is a survey of nursing

home residents. The insurance and nursing home components are not

available as public use data files for confidentiality reasons.

In the household component, five rounds of in-person interviews are

conducted over a 30-month data collection period to capture person level

use and expenditure data for two calendar years. A combination of data
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collection techniques including computer-assisted in-person interviews,

telephone interviews, and mailed surveys are used throughout the year.

Each interview collects utilization data for 3–4 months for all household

members. The medical provider component collects detailed data on the

medical and financial characteristics of services received by respondents.

The AHRQ releases the annual full-year consolidated data files from house-

hold and medical provider components. The annual files provide complete

data on all respondents participating in one particular year of the MEPS. The

event files capture claims-type utilization data on hospitalization, outpatient

visits, emergency visits, prescription utilization, and use of home healthcare

services. Only month and year of the healthcare utilization event are available

for confidentiality reasons. As each panel provides data for two calendar

years, longitudinal studies can be conducted by combining annual consoli-

dated and event-level files for each year based on respondent identifiers.

The MEPS data can be used to evaluate a broad range of issues pertaining

to cost, access, and quality of pharmaceutical care.

Medicare Current Beneficiary Survey

The MCBS is a continuous nationwide sample survey of aged, disabled, and

institutionalizedMedicare beneficiaries (Adler 1994; Sharma et al. 2001). The

MCBS is sponsored by the CMS to collect detailed sociodemographic, health

status, utilization, and expenditure data on Medicare users. The MCBS is a

longitudinal survey based on data collected from a multistage stratified ran-

dom sample ofMedicare beneficiaries. The stratification is by agewithin older

and disabled subgroups. Four-year rotating panels are used for the MCBS. A

sample of approximately 12000 beneficiaries is interviewed annually using

CAPI. Approximately 16000 beneficiaries are available from the MCBS

due to rotating panel design. Each panel is interviewed, three rounds per year

for 4 years, to capture the longitudinal data on Medicare beneficiaries.

Respondents are interviewed irrespective of residence using appropriate com-

munity or long-term questionnaires. Interviews are conducted to collect data

on healthcare utilization and expenditures, health status, and functioning.

With respect to prescription medications, data are collected on all new and

refilled prescriptions, including strength and number of doses. The respondent

data are supplemented with administrative claims data. Baseline and commu-

nity core questionnaire instruments are used for beneficiary data collection.

The facility interview includes facility core and baseline questionnaires.

The data from the surveys are used to prepare annual access to care, and

cost-and-use files. Access to care files contains data on access to healthcare,

satisfaction with care, and usual source of care, and other relevant informa-

tion, supplemented by claims data. The cost-and-use files combine claims and

survey data to provide complete data on utilization and expenditures from
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all sources. The files include all medical events, including use of prescription

medications. The MCBS is a valuable data source to conduct cross-sectional

and longitudinal studies to address various costs, access, and quality of phar-

maceutical care issues in elderly people.

National survey design and analysis

Sampling design

National surveys conducted by the federal agencies are based on a complex

sampling design involving multistage sampling, clustering, stratification, and

disproportionate sampling (Lee et al. 1989; Korn and Graubard 1999). These

techniques improve operational efficiency of data collection and provide

nationally representative data to address various policy-relevant issues.

Multistage sampling in national surveys involves multiple stages of selection

of sampling to minimize costs and time for data collection. The first stage of

selection is usually the largest sampling unit, also known as the PSU. This

usually involves cluster sampling to select a probability sample of PSUs

that contain a group or a cluster of basic sampling units (Cochran 1977;

Thompson 2002). In national surveys, the first stage sample selects PSUs

defined as a county, a few adjacent counties, towns or township, or a metro-

politan area. These are mutually exclusive and exhaustive geographic areas.

According to the NCHS, there are approximately 1900 geographically

defined PSUs that cover all states and the District of Columbia.

In the NAMCS, the first stage cluster sampling consists of 112 PSUs

randomly selected from the available 1900 PSUs (Bryant and Shimizu

1988). The second stage involves selection of a stratified sample of physician

practices within the PSUs. Stratified sampling is designed to comprehensively

represent sampling units from each stratum level either for comparative rea-

sons or for subgroup analyses. In the NAMCS, all physician specialties are

grouped into 15 specialty groups, and selection of practices is made within

each specialty group for a sufficient representation of specialties in the final

sample. Most national surveys involve disproportionate stratified sampling

to select sampling units with a higher probability of selection from within

the small subpopulation or stratum compared with strata with high subpop-

ulations. This is usually done to provide sufficient samples for underrepre-

sented populations, such as black and Asian individuals, to conduct subgroup

analyses.

The probability of selection in a national survey is not equal due to dispro-

portionate sampling. This unequal probability of selection has to be reflected

in the survey data analyses. Therefore, survey sampling weights are assigned to

survey respondents to adjust for different sampling probabilities in national

surveys (Korn and Graubard 1999; Department of Economic and Social
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Affairs 2005). In the NAMCS, the survey sampling weights adjust for prob-

ability of selection of PSU, probability of selection of practice within PSU, and

patient visit within the practice. Inverse probability weighting is often used to

account for probability of selection. For example, in a particular practice, if

the probability of selection of visits in the final stage is 1 in 4 (or 0.25), then

each visit within that practice is assigned a survey weight of 1 over 0.25 or 4.

The value of survey sampling weight for a given visit in the NAMCS can be

interpreted as number of visits in the population with the same or similar visit

characteristics. In addition to probabilities of selection, survey weights are also

used for nonresponse bias, fixed totals, and weight smoothing. Consequently,

the survey design characteristics and survey sampling weights have to be

incorporated in the statistical analysis to obtain valid national estimates.

Sampling error estimations

Sampling error is an error in estimate based on the sample rather than the

population (Cochran 1977; Thompson 2002). It is one of the important

measures of variability in the analysis of data. An estimator of sampling error

is used to provide accurate variability of measures based on the samples.

Sampling errors estimations in national surveys are complicated due to

complex sampling designs. Although complex sampling designs increase

operational efficiency, analyses of national survey data are computationally

complex. Sampling techniques, such as clustering and stratification, influence

variance and standard error calculations. Stratified sampling reduces

sampling variation due to selection of similar sampling units within the

stratum. Cluster sampling increases sampling variation due to selection of

dissimilar sampling units. Consequently, statistical analyses that do not

account for sampling design characteristics provide erroneous variance and

standard errors. This can lead to flawed statistical significance.Most standard

statistical procedures assume simple random sampling and hence are not

suitable for complex survey data. Estimates and standard errors derived

from such analyses are biased. The ratio of standard error adjusted for com-

plex design sample, and standard error calculated assuming simple

random sample is called the design effect (Kish 1965; Korn and Graubard

1999). It is also defined as the variation inflation factor. This ratio influences

statistical significance and the conclusions drawn from the statistical tests.

The two most commonly used methods to estimate standard errors and

variance in national survey data analysis are the Taylor series linearization

and the replication methods (Wolker 1985; Korn and Graubard 1999).

The Taylor series linearization method requires full design information for

calculation of a linear approximation of variance that can be used for

standard error and confidence interval estimations. The calculation of

variance is based on a weighted combination of variance across PSUs within
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the same stratum. Estimates from each of the strata are used to provide overall

variance estimation. This involves use of the first-order or linear part of

the Taylor series expansion with the assumption that the contribution of

higher-order terms is negligible. Taylor series linearization involves a separate

variance estimate calculation for each type of estimator. Most NCHS surveys

provide first-stage cluster and stratum variables for calculating variance based

on the Taylor series linearization method.

Replication methods calculate variation based on estimates from the full

sample and repeated subsamples or replicates from the full sample (Wolker

1985; Korn and Graubard 1999). Overall, estimated variance is based on the

deviation of the replicate estimates from the full sample. These methods use

weighted replicates for variance estimation and do not require full design

information for the variance estimate calculation. Balanced repeated replica-

tion and the jackknife replication methods are frequently used replication

methods. The former involves selection of the replicate by randomly sampling

one PSU per stratum and is often used for multistage stratified sampling with at

least two PSUs per stratum; in the latter, one cluster is removed in a multistage

cluster sampling design to create a replicate. Both the Taylor series linearization

and the replication methods provide comparable variable estimates for mea-

sures involving smoothed data such as means, proportions, or totals. However,

replication methods, such as balanced repeated replication, are preferred for

nonsmoothed functions such as medians (Korn and Graubard 1999).

Statistical software packages

The NCHS provides complex sampling design variables or weighted replicates

for calculating variance based on the Taylor series linearization and the repli-

cation methods. However, the former is the commonly used analysis of data

based on nation surveys because it is easy to implement and the design variables

are often included in the national survey data. Recent national surveys have

included only PSU, stratum, and survey weight variables. Replication weights

are not needed for the Taylor series linearization method. Standard procedures

in statistical packages cannot implement the Taylor series linearization method

to analyze national survey data. SAS, STATA, and SUDAAN are the commonly

used statistical packages to implement the Taylor series linearization method

for analyzing national survey data. SPSS, Epi-Info, WesVar, PC-CARP, and

IVEware are also available to analyze national survey data. The complete

original survey structure has to be maintained for all analyses, including sub-

group analyses. The design structure is needed to implement Taylor series

linearization methods for variance estimations. The domain analysis option

is often used to conduct subgroup analyses in the statistical packages.

SAS survey statistical procedures can implement the Taylor series lineari-

zation and the replication methods to analyze national survey data (SAS
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Institute 2006). Most names of such survey procedures begin with SURVEY.

The descriptive procedures include SURVEYFREQ and SURVEYMEANS.

The regression procedures use SURVEYREG and SURVEYLOGISTIC. The

GENMOD, MIXED, and NLMIXED procedures also have the capability of

analyzing complex survey data. The design variables can be incorporated into

these procedures using the keywords STRATUM, CLUSTER, and WEIGHT.

Subgroup analyses can be performed using the DOMAIN option in these

statistical procedures. SAS survey procedures are part of the standard statisti-

cal package and do not require special purchase.

SUDAAN is a statistical software package specifically developed to

analyze complex survey data (Research Triangle Institute 2005). It can be

used as a stand-alone package or as an SAS-callable routine. The descriptive

procedures include DESCRIPT, CROSSTAB, and RATIO. The regression

analyses use REGRESS, LOGISTIC, MULTILOG, and SURVIVAL proce-

dures. The design variables can be incorporated into these procedures using

the keywords NEST and WEIGHT. Subgroup analyses can be performed

using the SUBPOPN option with these statistical procedures. SUDAAN can

implement both the Taylor series linearization and the replication methods. It

can also incorporate more complex sampling schemes than SAS. However,

stand-alone packages have very limited datamanipulation capability, so there

is a need to use other software packages for data management purposes.

SUDAAN is not a multipurpose statistical software and has limited capability

to analyze noncorrelated data.

STATA is a multipurpose statistical software with the capability of

implementing the Taylor series linearization and the replication methods to

analyze national survey data (StataCorp. 2007). Most names of such survey

procedures begin with SVY. Descriptive procedures include SVYMEAN,

SVYTOTAL, SVYPROP, and SVYTAB. Regression procedures include

SVYREG, SVYLOGIT, SVYOLOG, and SVYMLOG. The recent STATA

has incorporated survey analysis capabilities in several other statistical

procedures, including survival analysis and instrument variable regression.

The design variables can be incorporated in these procedures using the key-

words STRATA, PSU, and PWEIGHT. Subgroup analyses can be performed

using the SUBPOPN option. STATA can manage and manipulate large data-

sets and can also be programmed to implement user-defined analyses.

Other software packages, such as SPSS, Epi-Info, WesVar, PC-CARP, and

IVEware, can also be used to analyze complex survey data. The SPSS survey

module is not a part of the standard package and has to be purchased

separately. Epi-Info software, developed by the CDC, is freely available and

has the capability to conduct descriptive analyses. WesVAR can be used for

descriptive and regression analyses that involve the replication method for

variance estimation. PC-CARP is limited capability software developed by

Iowa State University to analyze complex survey data. IVEware, developed by
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the University of Michigan, is freely available SAS-callable software that can

perform descriptive and regression analyses.

Research considerations

The NCHS surveys provide valuable data to conduct pharmaceutical practice

and policy research. The NCHS-sponsored surveys can be downloaded freely

from the NCHS website. These public use data files do not contain any identi-

fiers and can be used only for statistical reporting. Federal law prohibits use of

data for identification purposes. The NCHS datasets are available to research-

ers in several formats, including SAS and STATA. The NCHS datasets are

coded and labeled appropriately with extensive documentation. The documen-

tation provides valuable information on survey design, data collection, variable

definition, and coding. The documentation is the primary source of informa-

tion for the survey data. Although most of the data collected from the surveys

are available to researchers in public use data files, data collected from the

surveys that might jeopardize privacy and confidentiality, such as geographic

or genetic data, are not released. However, such data are available to research-

ers at the NCHS Research Data Center upon request. The restricted data access

requests have to be evaluated by the NCHS staff and restricted data files can be

accessed remotely or at the Research Data Center in Hyattsville, MD.

Research question and design

The national surveys can be used to address a variety of cost, quality, and

access issues related to medication use. The documentation is valuable in

evaluating the utility of the national survey data for addressing the research

question. Research studies involving the NCHS data are mostly cross-

sectional because the designs used to conduct surveys are cross-sectional.

Only the MCBS and the MEPS can provide longitudinal data. The MCBS

data files, however, lack specific dates of healthcare utilization. The MEPS

provides month and year of utilization, but not the day due to confidentiality

issues. Outcomes research involving longitudinal designs, such as cohort and

case–control, are not generally used for research based on national survey

data. However, time series analyses involving longitudinal monthly

utilization data can be performed. As the public use data files do not contain

any direct identifiers, the research conducted using the NCHS data is usually

considered exempt from review by the full committee of the institutional

review board (IRB). The research proposal involving the NCHS data should

be submitted to the IRB to receive the exempt status.

Sample size considerations are complex in research involving national

survey data. The minimum sample size needed for analysis is based on the type

of measure, such as mean or proportion, relative standard error, design effect,
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and degrees of freedom. Most of the sample size calculations for descriptive

analyses are based on the relative standard error, which is defined as estimate

divided by its standard error and is usually expressed as a percentage.

The maximum acceptable relative standard error for most surveys is 30

percent. Most survey documentations provide the minimum sample needed

for subgroup analyses. These considerations should be made for each of the

subgroups of interest. Some strategies used to increase the sample size include

use of multiyear data and utilization of limited exclusion criteria. Operational

definitions of key variables should be the samewhen combiningmultiyear data.

Data extraction and analysis

Most simple survey datasets are provided as a single file; other extensive

national surveys provide multiple data files. The data for each respondent

can be combined across multiple files using a respondent number. The unit of

observation may differ from the unit of analysis. In the NAMCS, the office

visit is the unit of observation as well as the unit of analysis. In theMEPS, data

are collected at event level and person level. The event-level data, such as

hospitalization, need to be converted to the person level to analyze the data.

The study objective defines the subgroup of interest. Missing data do not pose

a significant problem in survey data analysis because they are very limited or

imputed by the NCHS. Secondary data analyses usually require recoding and

redefining of variables based on the needs of analyses. Usually this requires

extensive use of data management programs such as SAS or STATA.

Most survey data analyses are focused on a subgroup of interest (i.e., chil-

dren, adults, or elderly people). It is important not to subset the data in order to

maintain the integrity of the original survey structure of the Taylor series

linearization method. The domain analysis option in statistical packages can

be used to conduct subgroup analyses. The data analyses considerations are

driven by study objective and hypothesis. Novice researchers have a tendency to

conduct extensive statistical analyses to explore all possible associations due to

availability of numerous variables in national surveys. Researchers can over-

come this by focusing the analyses on the subgroup of interest and limiting

statistical tests relevant to the hypothesis under consideration. Frequency dis-

tribution and means with a design-adjusted confidence interval can help to

describe the study sample. As the survey data are based on the sample rather

than the population, confidence intervals are important in providing the vari-

ability of the estimates. Consequently, software packages, such as SAS, STATA,

and SUDAAN, are needed to provide the design-adjusted confidence intervals.

Most studies involve some form of regression analysis to analyze national

survey data. The dependent variable of interest can be indicators of cost,

access, or quality of pharmaceutical care. The dependent variable can be

constructed or modified based on the available variables. The survey
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documentation is very useful in operationalizing the variables of interest. The

selection of independent variables for secondary data analysis is often based

on the underlying theoretical model, existing literature, and availability of

variables in the data source. The survey data are rich with respect to demo-

graphic, medical, and provider characteristics; however, data related to dis-

ease severity, quality of life, and behavioral characteristics may be lacking in

national surveys. The diagnostic tests for conducting regression analyses

should always be conducted before their implementation. They include

evaluating outliers, normality distribution, collinearity, and homoscedasticity

(Belsley et al. 2005). Survey regression procedures in SAS, STATA, and

SUDAAN can adjust for design complexities in conducting the analyses.

Strengths and weaknesses of national surveys

There are several advantages of using national survey data. The national

survey datasets are mostly free or relatively inexpensive. It is easy to obtain

national survey data from the NCHS website. The software packages such as

SAS and STATA can be effectively used to manage and analyze large national

survey data. It takes less time to conduct secondary data analysis than to

obtain primary data and perform the analysis. This is true for all studies

involving secondary data. The respondents in national surveys are nationally

representative and, thus, the findings are generalizable to the population.

In addition, most surveys over-sample underrepresented populations

(e.g. minorities) and provide adequate sample size for subgroup analyses.

The sampling weights can be used to calculate both prevalence and popula-

tion estimates at the national level. National surveys collect extensive

healthcare data on cost, access, and quality, and can be used to address a

wide array of research questions at the national level. Variables used for

analyses are relatively easy to operationalize due to extensive documentation

of data collection and coding procedures. Data-rich national surveys are also

useful in adjusting for several characteristics in regression analyses. Surveys

such as the NHIS and the MEPS provide an opportunity to analyze data at

both person and family levels.

Most of the limitations of national survey are the same as with any

secondary data. The variables available for secondary data analysis are devel-

oped and defined by data collection agencies. Secondary data analysis is

limited to these definitions and variables. Most national surveys are cross-

sectional; longitudinal study designs cannot be used with such data. The study

based on national survey data is limited to the scope of the original survey. For

example, the NAMCS data are limited to visits to office-based physicians

in nonfederal settings and are not generalizable to other settings. National

surveys may not collect information relevant for some research topics such as

those focusing on pharmacist activities. New variables can be created using

258 | Research Methods for Pharmaceutical Practice and Policy



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 14 Dated: 28/9/2010 At Time: 16:14:54

existing variables; however, there is limited flexibility in redefining the

variables. Validity and reliability issues can also pose a problem. For example,

self-reported diagnosis data from patients in theMEPS are not the same as the

diagnosis data in the NAMCS reported by physicians. Although reliability of

most measures may not be an issue, measures based on instruments, such as

quality of life, should be evaluated for their reliability in the study sample.

National surveys over-sample policy-relevant, underrepresented populations;

however, subgroup analyses of other populations may not be possible due to

sample size issues. Unlike other secondary data sources, national survey data

are released as public use data files years after the data collection.

Consequently, survey data may not represent the most recent issues, trends,

or practice patterns.

Summary and conclusions

The national surveys provide valuable data to address various cost, access,

and quality-of-pharmaceutical-care issues. Selection of the survey data is

usually based on the research objectives. Secondary data analysis considera-

tions, such as operationalization of variables, are relatively easy due to the

extensive documentation of national surveys. National survey data are based

on amultistage complex sampling design. Statistical procedures for secondary

data analysis should adjust for survey design complexities. Statistical

packages such as SAS and STATA can manage as well as analyze large

complex survey data. There are several advantages to using national surveys

for research, including cost and time to conduct the research. In addition, the

findings from national surveys are generalizable. These strengths have to be

weighed against the limitations of national survey data such as variable

definitions and sample size issues. With increasing discussion on cost and

quality of pharmaceutical care, national surveys provide a cost-effective

way to address critical policy issues at the national level.

Review questions/topics

1 Describe national survey data sources that collect data on prescribing

patterns.

2 Describe national survey data sources that can examine population-

based prevalence patterns.

3 Explain the process involved in calculating sampling errors using the

Taylor series linearization and replication methods.

4 Compare and contrast SAS and SUDAAN for analyzing national sur-

vey data.

5 What are some strengths and weaknesses of national surveys?
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15
Program evaluation

Jon C Schommer

Chapter objectives

* To describe the purpose of program evaluation
* To present an approach for conducting effective program

evaluations
* To review standards for effective program evaluation
* To address misconceptions regarding the purpose of program

evaluation

Introduction

Health improvement for individual patients and patient populations is

what health professionals including pharmacists strive to achieve. To reach

this goal, there is a need to be accountable and committed to achieving

measurable health outcomes for the pharmaceutical services and programs.

Effective program evaluation is a systematic way to report and improve an

organization’s actions by involving procedures that are useful, feasible,

ethical, and accurate (Centers for Disease Control and Prevention [CDC]

1999).

According to McNamara (2006), program evaluation is helpful to:

* understand, verify, or increase the impact of products or services on

customers, clients, or patients
* improve delivery mechanisms to be more efficient and reduce waste
* verify that the organization is implementing programs as originally

planned
* facilitate managerial decision-making regarding goals, how tomeet goals,

and how to determine if goals are being met
* provide information that can be used to verify desired outcomes and for

public relations and promoting programs in the community and to

sponsors
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* conduct valid comparisons between programs to help decide which

should be retained or expanded
* fully examine and describe effective programs for replication elsewhere.

The purpose of this chapter is to describe an approach for conducting

effective program evaluations, review standards for effective program evalu-

ation, and finally address some of the misconceptions regarding the purpose

of program evaluation.

An approach for conducting effective program evaluations

In this section, a step-by-step approach for program evaluation is presented.

It should be noted that each step builds upon decisions made at previous steps

and that the approach is an iterative process in which adjustments will be

made to previous steps before the final process is established.

Step 1: consider goals-based, process-based,
and outcomes-based evaluations

The evaluation process begins by engaging stakeholders who would have an

investment in what will be learned from an evaluation and who would make

decisions based on the information. Three principal groups of stakeholders to

consider include: (1) those involved in program operations; (2) those served or

affected by the program; and (3) primary users of the evaluation. The scope

and level of stakeholder involvement will vary for each program evaluation.

Occasionally, stakeholders may use their involvement in an evaluation to

distort or bias the evaluation in their favor, so development of trust among

stakeholders is essential.

Initially, stakeholders and researchers should address whether the program

evaluation would best be designed as a (1) goals-based evaluation, (2) process-

based evaluation, or (3) outcomes-based evaluation (McNamara 2006). A

goals-based evaluation may be most relevant for the program evaluation

of programs established to meet one or more specific goals often described

in the original program plans, and if decision makers are most interested in

goals-oriented decisions. Such an evaluation would study the extent to which

programs are meeting predetermined goals or objectives. An example of a

goals-based question would be: “Is pharmacist-provided medication therapy

management decreasing hospital readmission for a defined population of

patients?”

Alternatively, decision makers might be most interested in making deci-

sions related to how a program works. Process-based evaluations are geared

to fully understand how a program produces the results that it does. These

evaluations are useful: if programs are long-standing and have changed over
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time; if employees, patients, or clients report a large number of complaints

about the program; or if there appears to be a large number of inefficiencies in

delivering program services. Process-based evaluations are also useful for

accurately portraying to others how a program truly operates, which is useful

for replication of such programs elsewhere. For example, a process-based

question would be: “Is a long-standing practice, in which every patient is

counseled about a medication at the time of purchase, still providing useful

information for patients in light of a new medication therapy management

service being offered by the pharmacy?”

Finally, outcomes-based evaluations help understand if an organization

is accomplishing the outcomes that are needed by its clients. Outcomes are not

just units of services provided or units of products produced. Rather, out-

comes are benefits to clients from participation in the program. For example,

an outcomes-based question would be: “Is a newly implemented medication

therapy management service helping patients manage their medication ther-

apies in terms ofwhat they hold to be important for their health (e.g., access to

medicine they need, affordability, and meeting adherence aspirations)?”

Taking time to consider the nature of the decision problem being

addressed in terms of being goals based, process based, or outcomes based

can help initial discussions with stakeholders be more fruitful, and can lead to

consensus about the true nature of the decision problem and resultant

research problem to be addressed in the program evaluation.

Step 2: use of theories for guiding evaluations

The next step would be to conduct a systematic literature review to (1) define

the domain being addressed, (2) identify previous research conducted in that

domain, and (3) identify useful frameworks or theories that could help guide

the evaluation. A systematic literature review can not only help to frame the

decisions and issues that stakeholders are facing, but also uncover previous

work that has already addressed and, in some cases, answered the questions

set before the decision makers.

Step 3: formulate problem

With careful and thorough background work, the problem formulation pro-

cess can be accomplished through a transparent and consensual manner. Part

of the process of problem definition includes specifying the objectives of the

specific research project or projects that might be undertaken. Each project

should have one or more objectives. Subsequent steps should not be taken

until each objective can be explicitly stated. The importance of writing down

the research problem and specific objectives for the project(s) being under-

taken cannot be overstated.
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When developing a program evaluation, decision makers often want to

know everything about their products, services, or programs. Such an

approach can provide findings that turn out to be interesting, but not very

actionable. The findings might reduce levels of uncertainty about the health-

care program being studied, but provide little understanding of the true

problem that is facing the decision makers. Both decision makers who use

the findings and the researchers who conduct the program evaluation need to

recognize that research does not produce answers or strategies. It produces

data that must be interpreted and converted into action plans by the decision

makers. Thus, the research must reflect decision makers’ priorities and

concerns.

It is only when the problem has been clearly defined and the objectives of

the evaluation research precisely stated that the evaluation can be designed to

generate the information needed in an efficient manner. A detailed under-

standing of the overall decision situation should enable researchers, working

together with managers and other decision makers, to translate the decision

problem into a research problem. A research problem is essentially a restate-

ment of the decision problem in research terms.

In developing a research problem, the researcher must make certain that

the real decision problem, not just the symptoms, is being addressed. There

have been many cases in which poor problem definition led to poor research

problem definition with unfortunate consequences (Churchill 1995). Con-

sequently, it is important for the decision maker and the researcher to have a

meeting at which the decision maker describes the problem and the informa-

tion that is needed. The researcher then drafts a statement describing his or her

understanding of the problem. The statement should include, but is not lim-

ited to, the following items:

* Action: the actions that are contemplated on the basis of the research.
* Origin: the events that led to a need for the decision to act; even though

the events may not directly affect the research that is conducted, they

help the researcher understand more deeply the nature of the research

problem.
* Information: the questions that the decision maker needs to have

answered in order to take one of the contemplated courses of action.
* Use: a section that explains how each piece of information will be used to

help make the action decision; supplying logical reasons for each piece of

the research ensures that the questions make sense in light of the action to

be taken.
* Targets and subgroups: a section that describes from whom the

information must be gathered. Specifying the target groups helps

the researcher design an appropriate sample for the research

project.
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* Logistics: a section that gives approximate estimates of the time and

money that are available to conduct the research; both of these factors will

affect the techniques finally chosen.

This written statement should be submitted to the decision maker for his

or her approval, including signature and date. This step will help assure

agreement on the purpose of the evaluation research before the research is

designed.

Getting to this point in a program evaluation is not easy. Decision makers

who will be using information from the evaluation and researchers who will

be conducting the evaluation often have different training, priorities, and

viewpoints. To facilitate communication about identification of the decision

problem and translating it into a research problem for a program evaluation,

spending time with stakeholders to describe the program being evaluated can

be useful.

Step 4: determine research design

Research design depends on how much is already known about the problem.

If previous steps reveal that relatively little is known about the phenomenon

to be investigated, exploratory research is warranted (Churchill 1995).

Exploratory research may involve review of existing data, interviewing

knowledgeable people, conducting focus groups, conducting in-depth inter-

views, or investigating literature that discusses similar cases. One of the

benefits of exploratory research is its flexibility. It allows the researcher to

follow the leads that may develop during the process. If the problem is

precisely and unambiguously formulated, then descriptive or causal (experi-

mental or quasi-experimental) research is better suited for program evalua-

tion. In these research designs, data collection is rigidly specified, with respect

to both data collection forms and the sample design. The advantage of these

methods is that they allow testing hypotheses, making population estima-

tions, and testing cause–effect relationships.

Step 5: design data collection and forms

Quite often, the information needed for a program evaluation can be obtained

from an organization’s own databases or internal records, or in published

documents such as government reports or publicly available databases.

However, some evaluations must depend on primary data, which are col-

lected specifically for the study. At this point, a number of decisions must be

made for the evaluation research. For example, should the data be collected by

observation or questionnaire? Should the form be structured as a fixed set of

answers or should they be open-ended? Should the purpose of the study be
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made clear to the respondent, or should the study objectives be disguised?

Each decision will depend upon the research problem and study objectives as

well as the time and resources available for conducting the study.

When theories, models, and frameworks are used to help explain phenom-

ena, constructs are used as the building blocks. Conceptual definitions pro-

vide information about how a given construct is defined in terms of other

constructs in the theory, model, or framework. An operational definition

describes how the construct is to be measured. To help assure that results

among studies are comparable, operational definitions should be theory

driven and based on the relevant construct domain. A theory base will help

interpret the results with other studies and will allow for comparisons with

other programs with possible longitudinal evaluation over time.

Step 6: design sample and collect data

In designing the study sample, the researchermust specify the sampling frame,

the sample selection process, and the size of the sample. For some program

evaluations, it would be desirable to study outcomes over a relatively long

period of time in order to answer relevant questions (longitudinal effects). To

conduct such research, panels can be used. A panel is a fixed sample of

elements and relies on repeated measurements of the same variables.

Although the major advantage of a panel is analytical, panels also have some

advantages in terms of the types of information collected and the accuracy of

information collected. However, panels are costly in time, money, and the

attrition of sample members, and often are not representative of the popula-

tion of interest.

Step 7: analyze and interpret data

Researchers may amass a mountain of data, but these data are useless unless

the findings are analyzed and the results interpreted in the light of the problem

at hand (Churchill 1995; CDC 1999; US Department of Health and Human

Services [HHS] 2005). Data analysis involves multiple steps. First, data col-

lection forms must be reviewed to ensure that they are complete and consis-

tent with instructions provided in the forms. Editing of forms may be needed

to correct errors, convert responses into the units specified in the instructions,

and address item non-responses. The next step after editing is coding which

involves assigning numbers (or other interpretable values such as text) to each

of the answers, so that they may be analyzed, typically by computer. The final

step in analyzing data is tabulation; it refers to the orderly arrangement of

data in a table or other summary format by counting the frequency of

responses to each question and by conducting statistical analysis for testing

hypothesized differences or relationships. The statistical tests applied to the
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data, if any, are somewhat unique to the particular sampling procedures and

data collection instruments used in the research. Statistical tests should be

anticipated before data collection begins so that the data and analyses will be

germane to the problem as specified for the study. It should be noted that data

analysis in program evaluation can pose challenges. Some of the common

challenges include (1) cluster bias, (2) nonlinear relationships, and (3)

case mix.

Cluster bias

Whenever physician prescribing is studied using the patient as the unit of

analysis, cluster bias could become problematic for analysis. For example,

if one physician in the study prescribed medications for a disproportionate

number of patients in relation to another physician in the study, results could

be biased by this difference. As the observations are correlated, standard

errors of estimated coefficients are biased downward, resulting in an

increased likelihood of significant coefficients. Adjusting for cluster bias

increases standard errors by accounting for the correlation between observa-

tions (Bieler and Williams 1997). In addition, program evaluation data may

have a nested structure, e.g., repeated observations nested among individuals

or individuals nested within groups such as health plans or geographic

regions. The use of hierarchical linear models can be used to help improve

the estimation of individual effects in these data structures (Bryk and

Raudenbush 1992).

Nonlinear relationships

Relationships among study variables are not always linear and may be hard

to detect. For example, individuals might view too much or too little of a

particular healthcare service as having low value or utility. Service pro-

vision in the right amount would be viewed as having the highest value or

utility. Such an inverted U-shaped relationship can be modeled by studying

both the main effect and the squared term for the value or utility score. For

an inverted U-shaped curve, the main effect of the service provision would

exhibit a positive relationship with the value or utility score and the squared

term would show a negative relationship. A good way to identify nonlinear

relationships is to prepare scatter plots for pairs of variables under study

and to view the shape of each plot. Examples of other nonlinear relation-

ships include threshold effects and exponential effects that might be found

in the data.

Case mix

Finally, when comparing results among groups of individuals who belong

to different groups or categories, it is important to control for case mix.

Case mix refers to the different study participant attributes that might be
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apparent in different groups or categories (Johnson 1997). To the extent

that patients self-select or are assigned to different comparison groups

in nonrandom ways, comparisons between the groups may be biased.

Case-mix control variables such as age, gender, socioeconomic status, dis-

ease severity, or physical functioning should also be considered for inclu-

sion in the study. Methods used to control or adjust for case-mix variables

can then be used (e.g., restriction, stratification, matching, statistical

adjustment) (Lobo 2003).

Step 8: prepare the research report

Interpretations of findings into actionable conclusions are justified when they

are linked to the evidence gathered and judged against standards set by the

stakeholders. Stakeholders must agree that conclusions are justified before

they use the evaluation results with confidence. A research report is a useful

communication tool for sharing findings with stakeholders, for obtaining

feedback on draft versions, and for developing a final version that can be

agreed upon by stakeholders. In some cases, alternate views and interpreta-

tions may be included in the report to help maintain transparency and fair

balance. The research report is all that most stakeholders will see of the

program evaluation, and it becomes the standard by which the research

is judged. A general outline for research reports consists of (1) title page,

(2) table of contents, (3) executive summary, (4) introduction, (5) methods,

(6) results, (7) discussion of results within the context of the purpose of the

study, (8) conclusions and recommendation, and (9) appendices (e.g., copies

of data collection forms, detailed calculations used for analysis, tables not

included in the main part of the report, bibliography).

Standards for effective program evaluation

So far, this chapter has described the purpose of program evaluation and

proposed an approach for conducting effective program evaluations.

However, for program evaluation research to become a practical tool that

stakeholders and decision makers can use to inform programs’ efforts and

assess their impact, these evaluations need to be integrated into day-to-day

planning, implementation, and management for programs (CDC 1999; HHS

2005).

High-quality program evaluations typically use science-based research as

a basis for decision-making and action, but also focus on expanding the quest

for social equity in program access, performance that is efficient and effective,

and achieving outcomes that benefit society. The following standards

are proposed for making sound and fair evaluations practical: (1) utility,

(2) feasibility, (3) propriety, and (4) accuracy. The standards provide
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guidelines to follow when deciding among evaluation options and help avoid

creating imbalanced action plans (e.g., pursuit of a plan that is accurate and

feasible but not useful, or one that is useful and accurate but is not feasible).

The standards are guiding principles, not mechanical rules. Thus, whether a

given standard has been addressed adequately in a particular situation is a

matter of judgment (CDC 1999; HHS 2005).

Utility

Utility standards ensure that information needs of evaluation users are satis-

fied. There are seven specific utility standards (CDC 1999; HHS 2005):

1 Stakeholder identification: individuals involved in or affected by

the evaluation should be identified so that their needs can be

addressed.

2 Evaluator credibility: individuals conducting the evaluation should be

trustworthy and competent in performing the evaluation.

3 Information scope and selection: information collected should address

pertinent questions regarding the program, and be responsive to the needs

and interests of clients and other specified stakeholders.

4 Values identification: perspectives, procedures, and rationale used to

interpret findings should be described.

5 Report clarity: reports should clearly describe the program being

evaluated, including its context and purposes, procedures, and findings of

the evaluation.

6 Report timeliness and dissemination: substantial interim findings and

evaluation reports should be disseminated to intended users.

7 Evaluation impact: evaluations should be planned, conducted, and

reported in ways that encourage follow-through by stakeholders.

Feasibility

Feasibility standards ensure that the evaluation is viable and pragmatic. There

are three specific feasibility standards (CDC 1999; HHS 2005):

1 Practical procedures: evaluation procedures should be practical while

needed information is being obtained to keep program disruption to a

minimum.

2 Political viability: consideration should be given to the varied positions

of interest groups so that their cooperation can be obtained and

maintained.

3 Cost-effectiveness: the evaluation should be efficient and provide

valuable information to justify expended resources.

Program evaluation | 269



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 15 Dated: 28/9/2010 At Time: 16:16:0

Propriety

Propriety standards ensure that the evaluation is conducted with regard to the

rights and interests of those involved and affected. There are eight propriety

standards (CDC 1999; HHS 2005):

1 Service orientation: the evaluation should be designed to assist

organizations in addressing and serving the needs of the target

participants.

2 Formal agreements: principal parties for the evaluation should agree in

writing to their obligations.

3 Rights of humans: the rights and welfare of human participants must

be respected and protected.

4 Human interactions: interactions with other individuals associated

with an evaluation should be respectful so that participants are not

threatened or harmed.

5 Complete and fair assessment: the evaluation should record strengths

and weaknesses of the program completely and fairly so that strengths

can be enhanced and problem areas addressed.

6 Disclosure of findings: full evaluation findings with pertinent

limitations should bemade accessible to people affected by the evaluation

and any others with expressed legal rights to receive the results.

7 Conflict of interest: should be handled openly and honestly.

8 Fiscal responsibility: allocation and expenditure of resources should

reflect sound accountability procedures.

Accuracy

Accuracy standards ensure that the evaluation produces findings that are

considered correct. There are 12 accuracy standards (CDC 1999; HHS

2005):

1 Program documentation: the program being evaluated should be

described clearly and accurately.

2 Context analysis: the context in which the program exists should be

examined in enough detail to identify probable influences on the

program.

3 Purposes and procedures: purposes and procedures for the

documentation should be described in sufficient detail so that they can

be monitored and audited.

4 Defensible information sources: sources of information should be

described in enough detail to assess the adequacy of the data.

5 Valid information: information-gathering procedures should be

described to ensure valid interpretations.
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6 Reliable information: information-gathering procedures should be

described to ensure sufficiently reliable information for intended

use.

7 Systematic information: information collected, processed, and

reported should be systematically reviewed and any errors

corrected.

8 Analysis of quantitative information: quantitative analysis techniques

should be described so that others can replicate the work.

9 Analysis of qualitative information: qualitative analysis techniques

should be described so that others can replicate the work.

10 Justified conclusions: conclusions should be explicitly justified for

stakeholders’ assessment.

11 Impartial reporting: reporting procedures should guard against

distortion caused by personal feelings and biases of any party.

12 Meta-evaluation: the evaluation should be formatively and summatively

assessed against these and other pertinent standards in order to, upon

completion, enable close examination of its strengths andweaknesses by

stakeholders.

Misconceptions regarding the purpose
of program evaluation

To bring this chapter to a close, a few misconceptions about the purpose of

program evaluations are highlighted (McNamara 2006). These misconcep-

tions represent the viewpoints of some stakeholders as program evaluation

projects are considered. An understanding of these misconceptions can help

researchers as they plan communication strategies for initiating a program

evaluation and for leading the process of problem formulation at the start of

projects.

Some people believe evaluation is a useless activity that generates
a lot of boring data with useless conclusions (McNamara 2006)

If a stakeholder’s past experience with program evaluations was one in which

previous methods were chosen largely on the basis of maximizing scientific

accuracy, reliability, and validity, he or shemay hold this view. That approach

can generate extensive data from which very carefully chosen conclusions

were drawn, application was avoided, and, as a result, evaluation reports

tended to state the obvious and decision makers were left disappointed and

skeptical about the value of the evaluation. To help change these individuals’

opinions, one may need to explicitly show how the planned program evalu-

ation will provide utility, relevance, and practicality, as well as scientific

validity, to the final report.
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Some people believe that evaluation is about proving the success
or failure of a program (McNamara 2006)

This misconception assumes that success lies in implementing the perfect

program and never having to hear from employees, customers, clients, or

patients again about how to improve it or change it. This does not happen

in real life. Success is remaining open to continuing feedback and adjusting

programs accordingly. Evaluation gives this feedback. To help avoid this

misconception in program evaluation, special care should be devoted to

how the research problem is stated and written. It should focus on gaining

feedback that can be applied for program improvement and specific decisions

being faced.

Some people believe that evaluation is a highly unique and complex
process that occurs at a certain time in a certain way, and almost always
includes the use of outside experts (McNamara 2006)

Some people believe that, in order to be able to conduct a program evaluation

and use the findings, one must have expertise in such research. If this is the

case, the researcher can help outline how scientific findings will be translated

so that stakeholders can use the findings for decision-making and application.

The commitment from the stakeholders who will be using the findings is to be

actively engaged in the problem formulation process and to make judgments

about the usefulness of the findings as they review drafts of the final report.

Such engagement in the process will help researchers conduct the program

evaluation design, implement, and report findings from the evaluation in a

way that is understandable, verifiable, and actionable.

Summary and conclusions

The purpose of this chapter was to: (1) describe the purpose of program

evaluation; (2) present an approach for conducting effective program evalua-

tions; (3) review standards for effective program evaluation; and (4) address

misconceptions about the purpose of program evaluation. In summary, effec-

tive program evaluation is a systematic way to report and improve an

organization’s actions by involving procedures that are useful, feasible, ethi-

cal, and accurate. A multiple-step, iterative approach for program evaluation

includes: (1) consideration of goals-based, process-based, and outcomes-

based evaluations; (2) use of theories for guiding evaluations; (3) problem

formulation; (4) determination of research design; (5) design of data collec-

tion and forms; (6) sample design and data collection; (7) analysis and inter-

pretation of data; and (8) preparation of the research report. This chapter

also proposed four standards for effective program evaluation: (1) utility,

(2) feasibility, (3) propriety, and (4) accuracy. Effective program evaluation
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is a systematic way to report and improve an organization’s actions by

involving transparent procedures that help make judgments about the

program, improve program effectiveness, and aid in future program

development.

Review questions

1 What is the purpose of program evaluation?

2 What is the “research request step” and why is it used?

3 What are the eight steps to the program evaluation approach outlined

in this chapter?

4 Why is the “problem formulation” step so important for program

evaluation research?

5 What are four standards for effective program evaluation?

6 How can program evaluation be useful for making decisions in

pharmacy practice?
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16
The future of pharmaceutical
policy research

Albert I Wertheimer

Chapter objectives

* To present the importance of pharmaceutical policy research
* To discuss current methods and metrics in pharmaceutical policy

research
* To discuss current issues and future direction of pharmaceutical

policy and practice research

Introduction

It has been more than 40 years since pharmaceutical issues have been in the

public policy arena, with the inclusion of a pharmaceutical benefit in the

Medicaid program established in 1965. This is when the researchers and

policy makers first became interested in understanding how pharmaceutical

issues are dealt with in the health policy arena. Since that time, there has been

growth and development of health maintenance organizations (HMOs),

pharmacy benefit management companies (PBMs), and more recently the

inclusion of a drug benefit in the US Medicare program as well as the emer-

gence ofmanaged care organizations (MCOs). This chapter examines some of

the major issues, trends, and forces that will determine the future of pharma-

ceutical policy.

Future direction for pharmaceutical policy research

The pharmaceutical realm can no longer be looked at in isolation because it is

an integral component of the overall healthcare delivery system. The bottom-

line impact in health policy is that any change or activity in any sector of the

health field can and usually does affect all of the other aspects. For example, a

change in hospital length of stay characteristics to a shorter average time
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means that a sicker patient will be going home and drug therapy previously

used only in the in-patient setting may now be used in the patient’s home.

Another example is how behaviors may be manipulated through a series of

incentives and disincentives for the prescribing and use of the most cost-

effective drug products. There are many other examples, but it is safe to say

that an understanding of the fit of the pharmaceutical sector into the overall

healthcare delivery system can be of great value in evaluating the current

structure and in planning future healthcare delivery system designs

(Winkler 2007).

At one time, pharmaceuticals were of interest and importance only to

physicians, patients, and the pharmaceutical industry. During the last 40

years, they have become involved in labor union collective bargaining agree-

ments, retirement planning, and major governmental deliberations regarding

the cost and nature of several federal entitlement programs. At the same time,

an originally very small generic pharmaceutical industry became a giant and

now represents more than half of the prescriptions dispensed in the USA. As

one might imagine, this automatically leads to other sectors being involved in

policy matters about pharmaceuticals such as the patent office and a number

of trade organizations (Seget 2008).

Despite all the headlines and news reports about various happenings and

events with pharmaceuticals, the industry is still a very small one and this

should be kept in perspective. The total sales in agriculture, defense, auto-

mobiles, construction, chemicals, clothing, and many other industries are far

larger than pharmaceutical sales. Today, that arena is changing greatly with

increasing emphasis in the area of biotechnology at the expense of an almost

total focus on synthetic chemically prepared smaller molecules in the search

for new and valuable therapeutic agents (Cockburn 2004).

The importance of pharmaceutical policy research may be best described

by stating that pharmaceutical spending has seen a rise from 8.7 percent in

1982 to 12.4 percent in 2005 of the total US annual expenditures in the

healthcare field (Civan and K€oksal 2010). Needless to say, that is not a small

number and, although it is tiny compared with the amount of money spent on

hospitals and physician services, it is a huge number where efficiencies and

wise policy decisions can yield savings in the expenditures for pharmaceuti-

cals and in those other spheres in the global healthcare arena (Ess et al. 2003).

Methods and metrics

There is a need for data (and lots of them) to be able to see the present situation

before we are able to determine whether something can be changed for the

good. This brings up an important point: all too often health policies are

changed by new government administrations or new directors, or after some
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catastrophe or scandal. Change for the sake of change is to be avoided. It

might be an acceptable approach for politicians to demonstrate to the elec-

torate that something is being done, but healthcare professionals and

researchers must avoid and discourage that strategy. That old adage that

you don’t fix something unless it is broken is operational here as much as in

any other sector.

Data sources

Healthcare data are obtained from a large variety of sources. A very common

method of obtaining data is through the employment of prospective studies,

where experimental designs are used or observational data are collected as

events and outcomes occur. This may be obtained from medical records,

patient interviews, or questionnaires. The advantages of such a study are that

it is designed by the investigator and therefore collects all the fields of infor-

mation that are needed, andmoreover the level of accuracy and consistency of

the data are assured. The negative features are the obvious ones: an enterprise

such as this could take a great deal of time and is most likely quite costly. If

either resources or time, or both, does not permit the use of a prospective

study, then the researchers turn to a retrospective study. This is use of data

that have already been accumulated or collected, usually for some other

purpose. The positive side of this is that massive quantities of data may be

available almost immediately and usually at little or no cost. The downside is

that there may be issues with the standards for precision and accuracy of the

original study or of the goals and biases of the investigators. Moreover the

researchers must accept the data as they are, which means that some impor-

tant and critical variables may be missing but investigators feel that having

most of the needed data is better than none.

Often, the data that are found are a series of unrelated studies conducted in

different locales with different populations and often with slightly different

methodologies. Fortunately for us, there are statistical methods to combine

those numerous smaller studies and to synthetically create a larger panel or

sample size that may be used for policy analysis. This synthetic combination is

called meta-analysis. It is described in great detail in statistics and research

methods textbooks (Gold et al. 1996).

Generally, retrospective data are available in one or two categories.

Administrative data are usually the easiest to obtain and most usable. A more

detailed retrospective data source would be frommedical records themselves.

Wheremedical records have been converted to electronic form, the task is a bit

easier because the charts are then laid out in a uniform manner (e.g., labora-

tory findings are always found in the same place). Handwritten medical

records generally require the use of medical records personnel, nurses, or
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others to abstract the charts by going from page to pagemanually. Needless to

say, this is costly, time-consuming, and rather inefficient. But perhaps worst

of all is the fact that many medical records are far from complete.

In recent times, health services researchers have turned to large databases

for needed information. MCOs often enroll more than a million members

and, naturally, these would be sources to which one would turn in the quest

for retrospective data. Some MCOs have been more progressive and are

known to have outstanding computerized records, and those would be the

first places to turn. Some of these include the Kaiser–Permanente Health

Plans, Group Health of Puget Sound in Seattle, Washington, the Henry

Ford Health System in Detroit, and a number of others. Another enormous

source of data is that of the Veterans’ Administration (VA) health system

which has been computerized for a number of years.Naturally, the VApatient

population is not representative of the US population as a whole, because it

contains an overwhelming proportion of aging males, but it should not be

ignored since the VA system is research friendly and large. This database has

almost all medical records for its veteran population and, as the patients

receive free or nearly free care, there is very little leakage from the system.

The Medicare program makes available several databases for the use of

researchers. As there are more than 40 million senior citizens enrolled in the

Medicare program in addition to small numbers of disabled people, as well as

patients with end-stage kidney disease and a few other medical conditions

affecting those below the age of 65, it is the most desirable database source.

There are numerous databases to use either singly or linked with other data-

bases (Chan et al. 2001).

A few other notable sources include:

* Hospital Compare: quality-of-care data for selected medical and surgical

procedures for Medicare beneficiaries
* Nursing Home Compare: which is similar to its hospital counterpart but

only for the nursing home population
* Medigap data: information for patients with Medicare and additional

private health insurance
* Medicare Advantage: a managed care-type program for Medicare

beneficiaries with comprehensive data
* Medicare Current Beneficiary Survey: a complete listing of demographic

and health characteristics of the Medicare population (see Chapter 11 for

details)
* SEER (Surveillance, Epidemiology and End Result) database:

comprehensive morbidity and treatment information for the entire

Medicare population. This is probably the gold prize of the Medicare

program for researchers (Riley 2009; Yabroff et al. 2009).
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The Medicaid program is quite different because different states have

varying eligibility requirements and program characteristics. In addition,

researchers are obliged to obtain state Medicaid database information on

an individual basis. It is possible to link and combine stateMedicaid database

information, but theMedicaid program has a number of major shortcomings,

one of the most important being that some people remain in the program for

months, drop out, and then re-enter later so that the records may be incom-

plete. Nevertheless, it is a valuable source of information about the treatment,

cost, and morbidity patterns of medically indigent individuals in the USA.

Other data sources include the American Hospital Association hospital

discharge information, as well as proprietary databases offered by a number

of suppliers covering most specialty areas. The most comprehensive informa-

tion about pharmaceuticals, including costs, prescribing patterns, trends,

market share, and indications, among many other variables, comes from

IMS Health of Plymouth Meeting, Pennsylvania and other commercial

sources (see Chapter 12 for additional details).

The three goals of studies of such databases are to reduce costs, increase

efficiency, and increase the quality of care of medical and health services in

the USA. This is also done through the use of standardized measures from a

number of organizations. The previously mentioned Medicare and Medicaid

programs have participation requirements for providers in institutions that

must be met before they are eligible to accept program-sponsored benefici-

aries and to be paid for services provided to them. In addition, there is an

organization that accredits hospitals, called the “Joint Commission,” which

provides accreditation of hospitals and healthcare organizations, generally

referred to as JCAHO (pronounced JAY–KO). It reviews hospital perfor-

mance on a number of variables and actually visits or inspects hospitals every

few years. MCOs are evaluated by the National Committee for Quality

Assurance (NCQA) through its Healthcare Effectiveness Data and

Information Set (HEDIS) measures. Similarly, MCOs have lengthy question-

naires to complete and self-studies to perform, and they are the subject of

periodic inspections (Scanlon and Hendrix 1998; Viswanathan and Salmon

2006).

Measuring quality

The earliest quality studies were pioneered by Ernest Codman, using his end-

results approach (Neuhauser 2002) and, later, Donabedian provided the

framework for quality measures. Donabedian (1996) suggested three levels

of evaluation. The first and simplest is a straightforward structure measure

where, for example, one can see whether or not there are fire extinguishers in

nursing homes. It is rather obvious that having the fire extinguishers present is
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not a guarantee that an effective job will be done to counter any fires or

to prevent them. Therefore, a second-level of evaluation is in order and that

is a process measure. Here, one evaluates whether a nursing home with fire

extinguishers has trained some of their personnel to use them and has a

fire emergency plan with established responsibilities and practice drills.

Although this provides more comfort and confidence, it still does not answer

the ultimate question of how well that nursing home does if a fire breaks out.

That highest level of evaluation is referred to as an outcome evaluation and

would require measuring the results when an actual fire had taken place.

Had the staff been able to safely remove all the patients and extinguish the

fire with aminimumof damage or trauma?Outcomemeasures are not always

possible and, when they are, they require time and money, so it is often

necessary to depend on a structure or process consideration for decision-

making (Donabedian 1996).

In addition to the accreditation of facilities, it is also necessary to evaluate

competence of practitioners. Previously this was not attempted at all but,

during the last 20 years, most health professions have required mandatory

continuing education participation. It has been assumed, probably incor-

rectly, that if a physician or pharmacist or other healthcare provider were

to sit through 15 hours of coursework each year he or she would be an up-to-

date practitioner. It had been shown that this is not the case and in fact this has

been referred to as not continuing and not education. Several medical spe-

cialties have gone further and require periodic examinations to maintain

specialty status of providers. Boards of pharmacy in the 50 states and the

District of Columbia administer licensure examinations and process the licen-

sure and documents for continuing education responsibility completion.

Critics of this, our current situation, complained that this does not reassure

the public or guarantee continuing competency, and the only way to do that is

through periodic licensure examinations. Therefore, it is not too unlikely

to expect that periodic licensure examinations will be required some time

in the future.

Policy issues

During the twentieth century there have been a number of important policy

decisions and policy battles that have taken place. Perhaps there is a need to

learn something from looking at several of these.

Through the 1950s medicines were sold exclusively in pharmacies. They

were not found in convenience stores, grocery stores, vending machines, or

other retail establishments. However, a food chain began selling aspirin and

some other over-the-counter medicines, and was challenged by pharmacy

organizations. The result of this battle was an embarrassment to the phar-

macy establishment because the courts declared that the over-the-counter
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products were sufficiently safe and that their labeling enabled safe usewithout

any professional involvement. This immediately opened the door for a mas-

sive number of nonpharmacy retail outlets to begin selling a wide variety of

over-the-counter drug products.

Another major battle happened around the same time when the chain

stores began growing and sought pharmacy licenses in numerous states.

The state boards of pharmacy, made up mostly of independent pharmacy

owners, resisted this “invasion” by the chains and fierce battles were fought in

many states. Today, one only needs to look at any street corner to see the

result of that confrontation; in fact, the chains continue to grow, often at the

expense of the market share of smaller independent pharmacies that seem to

be closing. The argument was that chain stores were not owned by pharma-

cists and therefore there was no one to uphold the important professional

standards that are supposedly found in independent pharmacies. The result of

this confrontation was that every pharmacy, independent of its ownership,

must appoint one pharmacist as the person responsible for all professional

activity within the premises. That pharmacist can be the owner or an

employee.

The regulations in the 50 states required that pharmacists dispense a drug

exactly as the prescription was written, so that, if a specific brand name is

indicated, the pharmacist would be obliged to dispense that specific drug

product. At this time, in the early 1970s, at the start of the rise of the generic

industry, it became possible for the pharmacist to be in a position to save

money for the patient by performing generic substitution and dispensing a less

costly product to the patient. Naturally, this was resisted by the branded

manufacturers and battles broke out in nearly all states. In the end, the

restrictive practices constraining the pharmacist were removed and today

the pharmacist is able to dispense a generic product unless the physician

indicates that a specific brand is medically necessary. Most MCOs and health

insurers will pay for generic drugs only when those versions become available

at the time of the patent expiration. In such cases, the pharmacist is required

by his or her contract with the health insurer or MCO to dispense the generic

drug to the patient unless the patient is willing to make a substantially larger

copayment (Smith 1991).

Unresolved policy issues

Evidence-based practice

There are a number of unsolved policy questions facing pharmacy and the

current healthcare system. One of the more important ones is evidence-based

practice, a growing body of knowledge that certain practices lead to optimal

outcomes. There has been no standardized means accepted to induce
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physicians and/or pharmacists and others to comply with these evidence-

based practices, often called best practices. Some argue that so-called best

practice is not optimal for all patient categories and that the physician or

caregiver needs greater latitude to decide what is best for each individual

patient. This will probably be settled through the financial realm in the not-

too-distant future where the health insurers or MCOs will dictate certain

practice characteristics and policies that the clinicians will be required to

follow in order to be paid.

Comparative effectiveness research

Another important unresolved policy issue is comparative effectiveness

research. This extension of health technology assessment has captured the

attention of most stakeholders today in 2009–10. Until the present, new

drugs are tested against placebos or inert products and, if the new drug

demonstrates safety and effectiveness, it is approved for marketing.

However, there is no evidence of whether that drug is equal to, superior, or

inferior to the other several drugs in the same therapeutic category already on

the market. Comparative effectiveness research is also relevant for surgical

procedures and use of diagnostic and test items and for, essentially, virtually

all interventions. How, then, can a prescriber determine what is the best

product to use for his or her patients? Many are worried and all companies

and organizations are concerned. The one constituency that has a great deal

at stake is the group of patients with complex, multiple medical issues that

may require individualized or personalized medical treatment. These are not

the average patients for which disease management protocols or treatment

algorithms were designed. At the moment, it is too soon to indicate where this

unresolved issue will end and what the results will look like (Institute of

Medicine 2009).

Pharmacist practice limits

This is a huge unresolved matter. There are a number of policy issues and

questions in this area. For example, pharmacists have argued that they are

available 24/7 andmay be contactedwithout prior appointment, and it would

seem only reasonable that they should be permitted to prescribe some limited

number of drugs for acute situations and that they should be enabled to

administer vaccinations and other immunizations to patients. The argument

is that: the use of the pharmacist for these services is less costly than using a

physician; this enables the physician time to deal with more serious and

complex cases; and the pharmacist is available after-hours and weekends,

times when many physicians’ practices are closed.

282 | Research Methods for Pharmaceutical Practice and Policy



Research Methods for Pharmaceutical Practice and Policy

Chapter No. 16 Dated: 28/9/2010 At Time: 16:17:45

Mail service pharmacy

The VA started mailing prescription drug refills to patients in the 1960s to

save them the time and expense of having to come to a VA medical centre,

possibly in another community, and waiting sometimes many hours for the

prescription to be ready. Others in the private sector seized on this opportu-

nity and the mail service pharmacy industry was born and again encountered

fierce opposition by community pharmacists, and this time also by the chain

pharmacies. Today mail service pharmacies appear to be a growth industry

and they are owned and operated primarily by pharmacy PBMs and by chain

pharmacy organizations.

Retail pharmacists argue that the mail service format does not offer the

one-to-one interaction and personal counseling obtainable only in face-to-

face encounters at the community pharmacy. The mail service camp counters

that their level of automation and controls achieves an error rate far superior

to that found in any community pharmacy and that their 24/7 800 telephone

number service provides a solution to any patient dilemma or problem. At the

moment it appears that themail service pharmacies have demonstrated a cost-

effective rationale for their existence with possible further growth in this

sector.

Medicare Part D

In 2003, the Medicare Part D program was legislated. The full program went

into effect in 2006 and patients receive assistance until they reach about

US$2200 in expenditures. At that point, they are in what is generally referred

to as the doughnut hole and individual Medicare beneficiaries are required to

pay 100 percent out of pocket for their prescriptions until they reach about

US$5300 in expenditure. The federal government program pays the vast

majority of all further prescription medicine costs. This program design

requires out-of- pocket expenditures for the first deductible portion, followed

by the 25 percent copayment level, and then to about US$3000 in the dough-

nut hole. This is a great deal of money for many Medicare beneficiaries who

are unable to pay for their medicines within this scheme.

Numerous proposals have been offered to eliminate or reduce the financial

burden of the doughnut hole, to require the use of generic drugs where

available, and to permit direct price negotiation and purchasing of the drugs

by the federal government, which would enable them to use their enormous

bargaining power to reduce costs. It is likely that changes in the existing

program from the Republican administration will be changed by the current

Democratic administration in Washington. It is too difficult and complex to

speculate on the final configuration of an altered Medicare Part D program

(Kilian and Stubbings 2007).
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Pharmacy practice

A host of policy issues in the pharmacy practice arena remains. Some of these

include the use of automation and robotics in licensed pharmacies to assist in

making the prescription dispensing function a lower cost activity. There are

several other related policy matters. One of these involves the use of para-

professionals, also called pharmacy technicians. The chains and other owners

of pharmacies want to be able to use a greater ratio of technicians to phar-

macists so that the work can be done with the employment of fewer,

costly, registered pharmacists. State board regulations limit the supervision

of technicians to only a few by any pharmacist in order to protect the public

health. Usually changes are made when someone demonstrates that a practice

can be performed safely and economically, and yet such a demonstration

would violate regulations or laws today. Therefore probably political prowess

will determine the results here. As chain pharmacies are considered to be or

are capable of being large donors to political election and re-election cam-

paigns, it would be a good bet that the current regulations will be eased.

Another front in that same battle revolves around the regulation that a

licensed, registered pharmacist must be present during all opening hours of a

pharmacy. Store owners would very much like to operate while the pharma-

cist takes a break or has an uninterruptedmeal. It is not a great leap of logic to

surmise that this innocent practice can lead to a request to boards of pharmacy

to permit the dispensing of prescriptions previously checked by the pharma-

cist, even if the pharmacist is not present at the time of dispensing to the

patient. The bottom line would be that the owners would be relieved if the

pharmacist were not required to be present during all hours that the pharmacy

is open for business.

A concept that continues to be brought up often in deliberations on this

topic is that of the “central fill” concept. This is similar to the old method

where one brought exposed photographic film to the pharmacy or supermar-

ket and it was picked up by a courier and taken to a central laboratory, where

the film was developed and printed and returned to the pharmacy or super-

market for the customer to retrieve it. Some have suggested that many unprof-

itable locations today could serve as depots for patients to bring in the

prescription, and then the prescription would be dispensed at a central fill

location and returned to the original pharmacy to be distributed to the patient

within 1 or 2 hours. The design would look like a hub with many spokes and

that centre hubwould be the central fill facility. Perhaps one central fill facility

could supply a dozen or more pharmacies located in one section or area of the

city. Although the concept is being implemented on a smaller scale, economic

and financial impact can be determined to implement such concepts on a

wider scale. This would make a very compelling argument to governments

and other payers for pharmaceutical services and products that the central fill
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concept has the potential to significantly reduce their expenditures for pre-

scription drugs.

Another persistent policy question is that of a third class of drugs.

Pharmacy has long sought control over such a category of products that

would be unavailable from other retail outlet types. The US Food and Drug

Administration (FDA) has repeatedly argued that prescription legend drugs

require a physician’s prescription and should be carefully distributed by phar-

macies, but over-the-counter drugs have proven safety records over many

years of use, along with quite comprehensive consumer-understandable label-

ing and the presence of an 800 telephone number for further questions or

information. Given this background, the FDA does not support a third cate-

gory of drugs. However, pharmacists hope that drugs newly moved to the

over-the-counter (OTC) category from their previous prescription-only status

might be part of that third category for a limited period of time, until their safe

and effective use in the OTC category can be established and until such time

that theywould bemoved into the full OTC category. This has been a debated

topic for more than a quarter of a century and it does not look like it is any

closer to resolution at the moment. It should be pointed out that many other

developed countries have three or four categories of pharmaceutical products

similar to the situation strived for by US pharmacists.

Money

Paying the pharmacist has always been a spirited topic. Pharmacy moved

away from a mark-up system of pricing in the 1950s and 1960s toward the

American Pharmacist Association’s (APhA’s) professional dispensing fee

method, which is the principal system of contemporary payment. Now some

parties are floating the idea of a pay-for-performance payment system. This is

tied to the flawed “pharmaceutical care” concept, where the pharmacist was

to be responsible for the patient’s therapeutic outcomes. But, as the physician

was already being paid for that service, he or she did not appear willing to

hand over the earnings opportunity to the pharmacist.

The sole surviving portion of the pharmaceutical care vision is medication

therapy management (MTM) where the patient makes an advance appoint-

ment with the pharmacist for a private, one-to-one consultation session. The

patient brings all medicine bottles and, during a 20- to 45-minute session, the

pharmacist ascertains whether all the medications that the patient takes

are actually required and, if they are required, that they are administered in

the optimal schedule to minimize interactions and adverse drug events

(ADEs).Medicare pays for suchMTM sessions because there is the possibility

that dangerous and costly ADEs might be avoided or prevented, and that the

pharmacist might be able to eliminate some of the patient’s medicines as being
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superfluous. Often, patients take 14 or more medications and some of these

are to treat side effects caused by the combination of the medications.

Summary and conclusions

The pharmaceutical industry is large, powerful, and wealthy. Whether that

description will hold true in the future, with continued globalization of the

industry and a partial market shift to Asia and to biotechnology products and

genomic therapies, will determine in large part how much the traditional

pharmaceutical industry will be able to control and greatly influence phar-

maceutical policy in the coming decades.

One may immediately see that the pharmacy profession has had no short-

age of internal battles and policy divisions. Many of these have been resolved,

often to the chagrin of pharmacists. Also, however, there are an equal or

larger number of unresolved issues of a policy nature requiring negotiation

or resolution. How these will be resolved if the profession remains split and

unaligned can be predicted and should be an unpleasant picture for pharma-

cists. The pharmacy profession could bemore successful in defending its turf if

it were to coordinate and work together. Today, there are separate organiza-

tions for health system pharmacists, community pharmacy owners, commu-

nity pharmacists, long-term care consultant pharmacists, managed care

pharmacists, pharmacy educators, chain store owners, wholesalers, mail

order pharmacies, pharmacy benefit managers, clinical pharmacists, various

religious groups of pharmacists, and African–American pharmacists, among

still others. Although there are some organizational vehicles for some of these

organizations to communicate, the reality is that their respectivememberships

expect their leaders to defend their particular interests.

The tools for policy analysis are available for the most part and a profes-

sion that demonstrates to its patients, customers, or clients that it is looking

out for their best interests and long-term welfare can expect to have the

powerful voice of the consumer constituency on its side. Would that not be

a welcome sight?

Review topics

1 Identify Medicare-related data sources to address cost and quality-of-

care issues.

2 Discuss quality-of-care issues relevant to pharmacy practice using the

Donabedian approach.

3 Identify any two practice or policy related question relevant to phar-

macy practice.
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Appendix 1
Selected peer-reviewed
pharmaceutical practice
and policy research journals

American Journal of Epidemiology

Journal URL: www.aje.oxfordjournals.org

Description: publishes empirical research findings, methodologi-

cal developments in the field of epidemiological research, and opinion

pieces.

American Journal of Health-System Pharmacy

Journal URL: www.ajhp.org

Description: provides current information on the clinical use of new

drugs and drug therapies based on clinical reviews, research reports, case

studies, and commentaries on a wide range of topics in health-system

settings.

American Journal of Public Health

Journal URL: www.ajph.org

Description: publishes original work in research, research methods, and

program evaluation in the field of public health.

Clinical Therapeutics

Journal URL: www.clinicaltherapeutics.com

Description: includes Pharmaceutical Economics and Health Policy sec-

tion to address issues in pharmacoeconomic, health outcomes, and contem-

porary issues related to drug therapy.
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Current Medical Research and Opinion

Journal URL: http://informahealthcare.com/loi/cmo

Description: covers broad range of topics from phase II to phase IV includ-

ing equivalence, safety and efficacy/effectiveness studies, and pharmacoeco-

nomic outcomes and quality of life studies.

Formulary

Journal URL: http://formularyjournal.modernmedicine.com

Description: publishes articles related to drug management for managed

care organizations and hospitals.

Health Affairs

Journal URL: http://content.healthaffairs.org

Description: explores health policy issues of current concern in both

domestic and international spheres.

Health Economics

Journal URL: www3.interscience.wiley.com/journal/5749/home

Description: publishes articles on all aspects of health economics: theo-

retical contributions, empirical studies and analyses of health policy from the

economic perspective.

Health Services Research (HSR)

Journal URL: www.hsr.org

Description: publishes articles reporting the findings of original investiga-

tions that expand understanding of the wide-ranging field of healthcare.

International Journal of Pharmacy Practice (the UK)

Journal URL: www.pharmpress.com/ijpp

Description: publishes original research and review articles on all aspects

of medicines management, policy, practice, and education.

Journal of Evaluation in Clinical Practice

Journal URL: www.wiley.com/bw/journal.asp?ref¼1356-1294

Description: focuses on evaluation and development of clinical practice

across medicine, nursing, and the allied health professions.
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Journal of Managed Care Pharmacy

Journal URL: www.amcp.org/amcp.ark?c¼jmcp&sc¼current

Description: provides the results of scientific investigation and evaluation

of clinical, health, service, and economic outcomes of pharmacy services and

pharmaceutical interventions, including formulary management.

Journal of Pharmaceutical Health Services Research

Journal URL: www.pharmpress.com/shop/journals.asp

Description: publishes all aspects of research within the field of health

services research that relate to pharmaceuticals.

Journal of Pharmacy & Pharmaceutical Sciences (Canada)

Journal URL: http://ejournals.library.ualberta.ca/index.php/JPPS/index

Description: contains research articles, research reports, technical

notes, scientific commentaries, news, views and review articles in the

physical, chemical, biological, biotechnical, clinical, and socioeco-

nomic–pharmacoeconomic regulatory aspects of the pharmaceutical

sciences.

Journal of Pharmacy Practice and Research (Australia)

Journal URL: www.shpa.org.au

Description: provides peer-reviewed coverage of various aspects of con-

temporary pharmacy practice and areas of interest and importance to hospital

pharmacists.

Journal of the American Pharmacists Association

Journal URL: www.pharmacist.com

Description: provides information on pharmaceutical care, drug therapy,

diseases and other health issues, trends in pharmacy practice and therapeutics,

informed opinion, and original research.

Medical Care

Journal URL: http://journals.lww.com/lww-medicalcare

Description: publishes articles related to the research, planning, organiza-

tion, financing, provision, and evaluation of health services.
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PharmacoEconomics

Journal URL: www.wiley.com/bw/journal.asp?ref¼1098-3015&site¼1

Description: publishes economic evaluations of drug therapy and phar-

macy services.

Pharmacoepidemiology and Drug Safety

Journal URL: www3.interscience.wiley.com/journal/5669/home

Description: provides an international forum for the communication and

evaluation of data, methods, and opinion in the discipline of pharmaco-

epidemiology.

Pharmacy Practice (Spain)

Journal URL: www.pharmacypractice.org/

Description: its scope includes clinical pharmacy, pharmaceutical care,

social pharmacy, pharmacy education, process and outcome research,

health promotion and education, health informatics, pharmacoepidemi-

ology, etc.

Pharmacy World and Science (the Netherlands)

Journal URL: www.springer.com/medicine/internal/journal/11096

Description: addresses clinical pharmacy and related practice-oriented

subjects in the pharmaceutical sciences.

Quality of Life Research

Journal URL: www.springer.com/medicine/journal/11136

Description: publishes original research, theoretical articles and method-

ological reports related to the field of quality of life, in all the health sciences.

Research in Social and Administrative Pharmacy

Journal URL: http://journals.elsevierhealth.com/periodicals/rsap

Description: publishes original scientific reports and comprehensive

review articles in the social and administrative pharmaceutical sciences.

Statistics in Medicine

Journal URL: www3.interscience.wiley.com/journal/2988/home

Description: focuses on medical statistics and other quantitative methods.
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The Annals of Pharmacotherapy

Journal URL: www.theannals.com

Description: publishes evidence-based articles on practice, research, and

education to advance pharmacotherapy throughout the world.

Value in Health

Journal URL: www.wiley.com/bw/journal.asp?ref¼1098-3015&site¼1

Description: reports evaluations of medical technologies including

pharmaceuticals, biologics, devices, procedures, and other healthcare

interventions.
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Appendix 2
Selected pharmaceutical
practice and policy research
funding sources

Agency for Healthcare Research and Quality (AHRQ)

Agency URL: www.ahrq.gov

Description: The AHRQ supports research to improve the quality, safety,

efficiency, and effectiveness of healthcare for all Americans. It funds applied

health services research in wide ranging areas including healthcare quality,

cost-effectiveness, comparative effectiveness, health information technol-

ogy, evidence-based prevention, patient safety, and emerging areas in health-

care practice, organization, delivery, and management.

American Association of Colleges of Pharmacy (AACP)

Association URL: www.aacp.org

Description: The AACP is the national organization representing phar-

macy education in the United States. It supports new investigator starter

grants in basic and applied areas of pharmaceutical sciences.

American Society of Health-System Pharmacists (ASHP)
Foundation

Foundation URL: www.ashpfoundation.org

Description: The ASHP Foundation represents pharmacists who practice

in hospitals, health maintenance organizations, long-term care, home care,

and other components of healthcare systems. The ASHP Foundation supports

research to optimize patient outcomes and the design and study of safe and

effective medication-use systems.
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Commonwealth Fund

Foundation URL: www.commonwealthfund.org

Description: The Commonwealth Fund is a private foundation that aims

to promote a high performing healthcare system that achieves better access,

improved quality, and greater efficiency. It supports research to improve

healthcare practice and policy, especially for society’s most vulnerable,

including low-income people, the uninsured, minority Americans, young

children, and the elderly.

Community Pharmacy Foundation

Foundation URL: www.communitypharmacyfoundation.org

Description: The foundation assists community pharmacy by providing

resources for research and development to encourage new capabilities and

continuous improvements in the delivery of patient care. It funds projects and

research related to medication therapy management, pharmacy administra-

tion and economics, patient safety and disease state management.

National Community Pharmacists Association (NCPA)
Foundation

Foundation URL: www.ncpafoundation.org

Description: The NCPA Foundation represents pharmacists, pharmacist

owners, managers, and employees. The NCPA Foundation supports the

growth and advancement of independent community pharmacy. It funds

research on critical issues related to independent pharmacy.

National Institutes of Health (NIH)

Agency URL: www.nih.gov

Description: The NIH is the nation’s medical agency consisting of 27

components called institutes and centers. It funds grants, cooperative agree-

ments, and contracts that support the advancement of fundamental knowl-

edge in basic medical sciences and applied health services research.

Pharmaceutical Research and Manufacturers of America
(PhRMA) Foundation

Foundation URL: www.phrmafoundation.org

Description: The PhRMA Foundation supports training, research, and

careers of young pharmaceutical scientists by awarding competitive grants

and fellowships. It supports starter grants in the areas of health outcomes,

pharmacoeconomics, and patient reported outcomes.
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Robert Wood Johnson Foundation (RWJF)

Foundation URL: www.rwjf.org

Description: The foundation supports research that improves the health

and healthcare of all Americans. It supports projects that have measurable

healthcare impact including service demonstrations, public education, policy

analysis, health services research, and evaluations.

Veterans Administration (VA)

Agency URL: www.hsrd.research.va.gov

Description: The VA’s Health Services Research & Development Service

(VA HSR&D) supports research with respect to organization, delivery, and

financing of healthcare, from the perspectives of patients, caregivers, pro-

viders, and managers to improve the quality and economy of care.
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Index

abstraction 48

accelerated failure time (AFT)

models 192

acceptable behavioral specimen 56

accessible population 109

accuracy, program evaluation 270

action phase 26, 37

action-oriented questions 43

active variables 31

administrative claims data 203

file structures 212

inpatient and facility claims 214

medical coding conventions 218

outpatient prescription claims 216

professional services and physician

claims 214

service, procedure and product

coding 220

sources 205

uses 204

see also Medicaid claims data;

Medicare claims data

administrative data 203, 277

commercial sources 229

definition 203

health data 203

administrative databases 229

Aetna, Inc. 233

Agency for Healthcare Research and

Quality (AHRQ) 128, 220, 221,

245, 246, 250, 295

a (type I error) 116, 119

American Hospital Association, hospital

discharge information 279

American Pharmacists Association

(APhA) 285

analysis of covariance (ANCOVA) 187

analysis of variance (ANOVA) 187, 197

Anderson Behavioural Model (ABM) 21,

22, 33

antecedent occurrence 21

attitude 25

attribute variables 31

attrition 78

balanced repeated replication

method 254

barriers 23

behavior change, stages of 26, 27

behavioral specimen 67

acceptable 56

assignment of values 57

b (type II error) 118, 119

between-subjects factors 187

bias 61, 96

classification 97

cluster 267

information 61

interviewer 61

in literature reviews 126

mitigation approaches 99

outcome reporting 126, 127

prevalence 96

publication 126, 127

recall 61

response 68

sampling 110

biophysiological data collection 153
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biostatistics 183

blinding 61, 74

Campbell Collaboration 127

canonical correlation 189

case–control studies 92, 120

case–crossover studies 93

case mix, program evaluation 267

case–time–control studies 94

categorical variables 32, 58, 181

causal modelling 191

causal (or cause-and-effect)

relationships 33, 72

criteria for establishing 72

causal studies 44

censored data 185

censoring 185, 192

Centers for Medicare and Medicaid

Services (CMS) 207, 245, 246, 251

acquiring claims data 209–211

data coding 218, 221

Centre for Evidence Based Medicine 138

chance errors 60

Charlson Comorbidity Index 220, 234

choice-based conjoint 190

claim details 213

claim header 212

clean period 219

Clinical Classification Software

(CCS) 220

clinical data collection 153

clinical databases

commercial 229, 234

therapeutic area-specific

(or disease-specific) 238

close-ended questions 163

cluster analysis 194

cluster sampling 112, 252, 253

CMS-1450/HCFA-1450 (UB-04) form

214, 215, 230

CMS-1500/HCFA-1500 form 214,

216, 230

Cochrane Collaboration 127, 128, 133

codebook 174

coding, data 174, 266

Cohen’s d 118

Cohen’s k coefficient 62

cohort studies 92, 120

commercial data 227, 279

administrative databases 229

clinical databases 234

defined 227

selection of database 239

source types 229

comorbidity indices 220

comparative effectiveness research

204, 282

compliance, measuring 56, 60, 66

computer-assisted personal interviewing

(CAPI) 150, 246, 247

concepts 18, 30

abstract 48

concrete 48

operational definition 49

operationalizing 51

research 48

conceptual definition 51

conceptualization phase 17

conceptualization process 17, 20

concurrent validity 66

confirmatory factor analysis (CFA)

193, 194

confounded treatment effects 97

confounding 97

adjusting for 100, 181

designs for mitigating 99

by indication for treatment 97, 101

measured vs unmeasured 98

time-dependent 98

conjoint analysis 189

construct validity 64, 67, 76

constructs 18, 30, 266

connecting variables with 33

measurement 67

operationalization 20

contemplation 26

content analysis 152

content validity 65, 67

continuous variables 32, 181

control variables 182

convenience sampling 113

convergent validity 66
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Coronary Artery Surgery Study (CASS)

registry 238

correlated data, modelling 196

correlational relationships 33

correlational studies 94

covariation 72

coverage error 172

Cox’s regression models 192

criterion validity 65–67

critical appraisal checklists 136

Critical Appraisal Skills Programme

(CASP) 138

Cronbach’s a 63

crossover designs, randomized 84, 85

cross-sectional studies 94, 256

cues to action 23, 24

current procedural terminology (CPT-4)

codes 220, 221

DARTNET 241

data

primary 8, 56

secondary see secondary data

sources 277

data analysis 8, 11

national survey data 252, 257

preparing survey data for 173

program evaluation 266

see also secondary data analysis

data cleaning 174, 266

data collection

procedures 8, 11

process 57, 68

program evaluation 265, 266

data collection methods 143, 145

mixed 154, 156

qualitative 143

quantitative 149

data extraction

national surveys 257

systematic reviews 134

data synthesis, systematic reviews 137

data use agreement (DUA) 210

decisional balance 28

deductive approach 149, 156

dependence techniques 183

dependent variables (DVs) 7, 30, 182

experimental designs 73

limited 185

descriptive statistics 179

descriptive studies 44

design effect, national survey data 253

designs, research 7, 11, 71, 72

national survey data 256

program evaluation 265

sampling considerations 119

statistical analysis and 180

see also experimental designs;

nonexperimental research

diagnostic-related groups (DRGs) 219

differential attrition 78

differential misclassification 97

direct observation methods 149

direction 153

discrete (categorical) variables 32,

58, 181

discriminant function analysis (DA) 188

discriminant validity 66

discussion section 12

disease variables see dependent variables

disguised observation 149

Donabedian approach, measuring

quality of care 67, 279

double-blinded studies 74

double-data entry method 174

dual eligibles 206

ecological fallacy 95

ecological studies 94

econometrics 183

effect size 118

effectiveness evidence 9

efficacy evidence 9

electronic medical records (EMRs)

203, 277

hospital databases 234

integrated delivery network

databases 237

physician databases 235

electronic surveys 168, 172

elimination of rival causes 72

EMBASE 132, 133
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embedded design 155

empiricism 7

enabling factors 23

epidemiologic designs 92

epidemiologic framework 91

epidemiology 91

Epi-Info statistical software

254, 255

equivalence, measures of 61, 62

ethical issues 42, 86

evidence-based practice 6, 281

exclusion criteria 74, 99, 133

experimental designs 71, 73, 180, 277

ethical issues 86

resource considerations 86

sample size 119

strengths and limitations 87, 103

types 81

validity considerations 76

experimental operational definition 50

experimental research 72

experiments

controlled 73

types of 75

explanatory design 155

explorative studies 7

exploratory design 155

exploratory factor analysis (EFA)

193, 194

exploratory research 265

exposures see independent variables

extensionalization 49

external validity 9, 76, 80

face validity 65, 67, 68

factor analysis 64, 193

factorial ANCOVA 188

factorial designs 84, 187

factorial MANOVA 188

feasibility

program evaluation 269

study 41

field experiments 75

field notes 148

field research 148

FINER mnemonic 41

finite population correction factor

(FPC) 117

fixed-effects approach 197

Fleiss’s k 62

Flesch Reading Ease formula 164

Flesch-Kincaid Grade Level formula 164

focus groups 146, 162

focused interviews 146, 162

FOG Index 164

follow-up explanations model 155

Food and Drug Administration

(FDA) 285

funding agencies 41, 295

Geisinger Health Systems 237

general linear models (GLMs) 184, 186

generalization 9, 80

generalized estimating equations

(GEEs) 197

generalized linear mixed models

(GLMMs) 197

generalized linear models (GzLMs)

184, 186

generic drug substitution 281, 283

goals-based evaluation 262

gold standards 66, 73, 75, 87

Group Health of Puget Sound,

Seattle 278

growth mixture analysis 197

Guttman scale 166

Hawthorne effect 81

HCFA-1450 (UB-04)/CMS-1450 form

214, 215, 230

HCFA-1500/CMS-1550 form 214,

216, 217, 230

Health Belief Model (HBM) 23, 24

Health Insurance Portability and

Accountability Act (HIPAA) 229

health maintenance organizations

(HMOs) 275

health services research 2

Healthcare Common Procedure Coding

System (HCPCS) codes 215,

220, 222

Henry FordHealth System 237, 238, 278
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heterogeneity 137

hierarchical data modelling 196

hierarchical regression 184

history, effects of 77

homogeneity 137

Hospital Compare 278

hospital databases, administrative

233, 279

hypotheses 10, 20, 45

a priori 46

abstraction 49

associative versus causal 47

criteria for good 46

definition 45

general model for stating 45

nondirectional versus directional 47

process of generating 45

research (alternate) 10, 48

simple versus complex 46

statistical (null) 48

testing 180

types 46

IMS Health 231, 279

inclusion criteria 74, 99, 133

independent variables (IVs) 7, 30, 182

experimental designs 73

indicators 48, 51

indirect observation 150

inductive approach 144

inferential reasoning 8

inferential statistics 180

Ingenix 241

institutional review boards (IRB) 42, 86,

229, 256

instrumental variables analysis 102

instrumentation effects 79

insurance claims

closed population databases 232

open databases 229

integrated delivery network

(IDNs) 237

integration 154

intelligence quotient (IQ) 58

intensity 153

interdependence techniques 183

interest (in a study) 42

internal consistency 63

internal control number (ICN) 213

internal validity 76, 77

International Classification of Disease,

9th revision, clinical modification

(ICD-9-CM) 218, 219

International Pharmaceutical Abstracts

(IPA) 132

International Society for

Pharmacoeconomics and Outcomes

Research (ISPOR) 241

interrater reliability 62

interrupted time series designs 95

interval measures 58, 182

interventions see independent variables

interviews, personal 144

semi-structured/focused 146

structured face-to-face 150

survey administration 169

telephone 151, 169

unstructured/in-depth 146

introduction section 12

item response theory (ITA) analysis 193

IVEware statistical software 254, 255

jackknife replication method 254

Jadad scale 136

Joint Commission (JCAHO) 279

journals 9, 289

judgment sampling 113

Kaiser PermananteHealth Plans 233, 278

Kaplan–Meier (KM) method 192

key informant sampling 144

K-means clustering 194

knowledge base, areas of 3, 5

Kuder–Richardson coefficient (KR20 or

KR21) 64

laboratory experiments 75

latent class analysis (LCA) 194

latent class growth analysis 197

latent growth models 197

latent trait analysis 193

latent transition analysis 197
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latent variables 32, 182, 195

level 1 HCPCS codes 220

level 2 HCPCS codes 221, 222

Likert scale 164

limited dataset (LDS) format 209

limited dependent variables 185

linear mixed models 197

linear regression 184

literature reviews 40, 125

program evaluation 263

systematic see systematic reviews

traditional/narrative 126

literature search 131

local HCPCS codes (level 3) 221

logistic regression 186, 188

longitudinal data 197, 256

longitudinal effects 266

mail service pharmacy 283

mail surveys 151, 171

maintenance 26

managed care databases 232

managed care organizations (MCOs)

275, 278, 279, 281

MANCOVA 188

manifest variables 182

manipulation

in controlled experiments 73

mathematical 58

margin of error 116

Markov modelling 76

matching 100

maturation effects 78

measured operational definition 50

measurement 55

assignment of values 57

errors 60, 172

issues 59

levels (Steven’s scales) 57

nature of 56

process 55, 67, 68

measures of equivalence 61

measures of stability 61

Medicaid

data sources 275, 279

recipients 205

services covered 207

Medicaid Analytic Extract (MAX)

files 209

Medicaid claims data 203, 204

acquiring 209, 211

file structures 212

sources 205

Medical Expenditure Panel Survey

(MEPS) 246, 250, 256-259

medical records 277

electronic see electronic medical

records

handwritten 277

medically needy recipients 205

Medicare

categorically needy recipients 205

databases 278, 279

dual eligibles 206

medication therapy management 285

Part D drug benefit 206, 208, 210,

275, 283, 287

recipients 208

services covered 208

Medicare Advantage 278

Medicare claims data 203, 204

acquiring 209, 211

file structures 212

sources 207

Medicare Current Beneficiary Survey

(MCBS) 246, 251, 256, 278

medication therapy management

(MTM) 285

Medigap data 278

MEDLINE 132, 133

Medstat MarketScan Commercial

Claims and Encounter database 231

meta-analysis 126, 137, 277

Meta-analysisOfObservations Studies in

Epidemiology (MOOSE)

guidance 138

methodology, research 7, 11

methods section 12

missing data 173, 257

mixed methods data collection 154, 156

modelling research 76

modifying factors 23, 24
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morbidity coding 218

mortality 78

Mplus program 195

multidimensional scaling (MDS) 195

multilevel analysis 196

multinomial (or polytomous) logistic

regression 186

multinomial probit regression 186

multiple regression 101, 184

multiple treatment interference 81

multistage sampling 109, 112, 252

multivariate analysis of variance

(MANOVA) 188, 189, 197

multivariate regression 184

National Ambulatory Medical Care

Survey (NAMCS) 246, 248, 252,

257–259

National Center for Health Care

Statistics (NCHS) 218, 245,

246, 250

acquiring survey data 256

survey design 252, 254, 256

National Council for Prescription Drug

Programs (NCPDP) 216, 230

national drug code (NDC) 217

National Health and Nutrition

Examination Survey (NHANES)

246, 247

National Health Interview Survey

(NHIS) 246, 258

National Hospital Ambulatory Medical

Care Survey (NHAMCS) 246, 249

National Institutes of Health (NIH)

245, 296

National Nursing Home Survey (NNHS)

246, 249

National Pharmaceutical Council 207

national surveys 245, 246

design and analysis 252

population-based 246

provider-based 246

research considerations 256

statistical software packages 254

strengths and weaknesses 258

natural experiments 76

NCPDP see National Council for

Prescription Drug Programs

need factors 23

negative binomial regression 186

nested case–control studies 93

Newcastle–Ottawa Scale (NOS) 136

nominal (categorical) variables 32,

58, 182

nondifferential misclassification 97

nonexperimental research 89, 181, 277

bias and confounding 96

role 90

sample size 119

strengths and limitations 102

systematic review 136, 138

types 92

nonexperimental studies 76

nonlinear 184, 267

nonprobability sampling 110, 113, 115

nonrandom errors 61

nonresponse error 173

novelty, of a study 42

Nursing Home Compare 278

observable variables 32

observation methods

nonparticipant 148

participant 148

structured 149

unstructured 147

observation unit 107, 109, 257

observational studies see

nonexperimental research

open-ended questions 163

operational definitions 49, 266

experimental 50

measured 50

operationalization 37

abstraction and extensionalization 48

issues to consider 50

procedures 51

process 48

steps 38

optional eligibles 205

ordered logit 186

ordinal measures 58, 182
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ostention 49

outcome evaluation 280

outcome variables see dependent

variables

outcomes-based evaluations 262

overdispersion 186

over-the-counter (OTC) medicines

280, 285

panels 266

parallel-form method 63

parameter 108

paraprofessionals 284

participant selection model 155

path analysis 190

PC-CARP statistical software 254, 255

Pearson’s correlation 62

peer review 9

perceived behavioral control 25

perceived benefits 23

perceptual map 196

pharmaceutical care concept 285

pharmaceutical industry 276, 286

pharmaceutical practice and policy

research

definition 4

future prospects 275

goals 5

importance 275

methods and metrics 276

policy issues 280

stages 9

pharmacies

chain store 281

mail service 283

pharmacists

methods of payment 285

practice limits 282

presence during opening hours 284

supervision of technicians 284

pharmacy administration 4

pharmacy benefit management

companies (PBMs) 275

pharmacy practice, unresolved issues

284, 286

pharmacy technicians 284

PICO mnemonic 131

pilot test 170

Poisson regression 186

polynomial regression 185

population

accessible 109

target 108, 109, 170

positivism 7

power of a study 118

pre-contemplation 26

predictive validity 66

predictor variables see independent

variables

predisposing factors 23

Preferred Reporting Items for Systematic

Reviews and Meta-Analyses

(PRISMA) statement 136, 138

preparation 26

pre–post study designs 95

prescription-only drugs 285

pretest 170

primary data 8, 56

primary sampling unit (PSU) 109, 112,

246, 252

principal components analysis (PCA)

193

PRISMA statement 136, 138

probit regression 186

problems, research 10, 38

characteristics of good 40

defined 38

program evaluation 263-264

selection and refinement 38

sources of 40

process measure 280

processes of change 28

program evaluation 261

approach to conducting 262

goals-based 262

misconceptions relating to 271

outcomes-based 263

problem formulation 263

process-based 262

purpose 261

standards 268

propensity score analysis 101
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propositions 18

propriety, program evaluation 270

prospective studies 277

psychometrics 183

qualitative research

data collection methods 143

hypotheses 45

operationalization 50

research questions 44

sampling techniques 144

quality assessment, published studies 136

quality of care

Donabedian approach 67, 279

measuring 67, 279

quantitative research

data collection methods 149

hypotheses 45

measurement process 55

operationalization 50

research questions 44

quantitative systematic review

see meta-analysis

questionnaires see surveys

questions, research 6, 10, 41

action-oriented 43

characteristics 41

conversion into hypotheses 45

national survey data 256

process of framing 42

simple and complex 43

stem 43

stoppers 43

systematic reviews 129, 131

topic of interest 43

types 43

questions, survey

closed 163

components 163

open-ended 163

order 166

writing 162

quota sampling 113

Rand Health Insurance Experiment 75

random coefficient models 196

random errors 60

random sampling 110, 114

randomization (random assignment) 73,

82, 114

randomized controlled (or clinical) trials

(RCTs) 73, 90, 99, 102

publication and outcome reporting

bias 127

systematic reviews 133, 136

randomized crossover designs 84, 85

randomized post-test-only control group

design 82

randomized pre-test–post-test control

group design 82, 83

randomized repeated measures

design 85

rank order scale 165

ratio measures 58, 182

reactive effects 80

reactivity 62

reasoning, inferential 8

regression analysis 100, 184

national survey data 257

ordered probit 186

ordinal logistic 186

parametric models 192

sample size 121

simple 184

regression mixture analysis 195

regression to the mean (statistical

regression) 79, 95

relational studies 44

relationships, scientific 32

relevance, study 42

reliability 8, 60

assessment 61, 67

data collection 68

repeated-measures ANOVA 187

replication methods 254

reports, research 11

peer review 9

program evaluation 268

writing 11

representative sample 108, 109

reproducibility 8, 60

research concepts 48
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Research Data Assistance Center

(ResDAC) 210

research designs see designs, research

research hypothesis 10, 48

research methodology 7, 11

research plan 10

research problems see problems, research

research questions seequestions, research

research reports see reports, research

resources 86, 120, 170

response categories 164, 168

response format 168

response rates 120, 151

response variables see dependent

variables

restricting study cohorts 99

results section 12

retrospective data see secondary data

retrospective studies 90, 277

review protocol 128

sample, representative 108, 109

sample size 108, 115

analytical aspects 121

comparison of population mean 117

comparison of population proportion

118

estimating population mean 116

estimating population proportion 117

national survey data 256

practical issues 120

sampling 107

nonprobability 110, 113, 115

probability 109, 110

qualitative techniques 144

simple random 110

study design aspects 119

terminology 107

weights 111, 112

sampling design 108, 109

national surveys 252

program evaluation 266

sampling error 116, 172

estimations, national surveys 253

sampling error rate 108

sampling plan 108

sampling unit 109

SAS statistical software 254, 257, 258

saturated 144

scientific inquiry 6

guiding principles 6

scientific research, definition 6

scrutiny, scientific 9

search, literature 131

secondary data 8, 56, 277

program evaluation 265

sources 277

secondary data analysis

administrative data 203

commercial data 227

national sample data 245

seemingly unrelated regression (SUR)

184

selection, interactionwith intervention 80

selection bias

experimental research 77

nonexperimental research 96, 99, 101

systematic reviews 125

self-administered surveys 168

self-efficacy 24, 27, 28

self-report data, collection methods 150

self-report measures 57, 60

semantic differential scale 165

sequential regression 184

severity, perceived 23

significance, scientific 6

simulation studies 76

single-blinded studies 74

single-phase design 154

snowball sampling 114

Solomon four-group design 83

Spearman–Brown prophecy formula 63

Spearman’s rank correlation 62

split-half method 62

SPSS statistical software 254, 255
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