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Abstract

This chapter introduces in this third edition of 
Clinical Research Informatics the overview of 
important constructs and methods within the 
subdomain of clinical research informatics 
now. The chapter sets the tone and scope for 
the text, highlights important topics and 
themes, and describes the content and organi-
zation of chapters.
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�Overview

Welcome to the third edition of Clinical Research 
Informatics. It has been 10 years since co-editors 
Rachel Richesson and James Andrews published 
the first edition of this book, and while informat-
ics foundations in clinical research are roughly 
the same, the tremendous change in technology 
brings us more data to use, advanced methods in 
data analysis, and increased public awareness 
and appreciation of the growing roles of technol-
ogy in medicine and research. We have also seen 
increased public awareness of the importance of 
biomedical research and growing appreciation of 
the challenges and limitations of our current 
national research infrastructure. As we have done 
in past editions, we begin with definitions.

Clinical research is the branch of medical sci-
ence that investigates the safety and effectiveness 
of medications, devices, diagnostic products, and 
treatment regimens intended for human use in the 
prevention, diagnosis, treatment, or management 
of a disease. The documentation, representation, 
and exchange of information in clinical research 
are inherent to the very notion of research as a 
controlled and reproducible set of methods for 
scientific inquiry. Contemporary clinical research 
actually represents new application of statistics 
to medicine with the acceptance of randomized 
controlled clinical trials as the gold standard [1] 
only recognized in this last 70  years. Clinical 
research has been characterized as a discipline 
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resting on three pillars of principle and practice 
related to control, mensuration, and analysis [2], 
though these can be more modernly interpreted 
as a triad of expertise in medicine, statistics, and 
logistics [3].

Clinical research informatics (CRI) is the 
application of informatics principles and tech-
nologies to support the spectrum of activities and 
business processes that represent clinical 
research. Informatics, broadly defined as the 
intersection of information and computer science 
with a health-related discipline, has a foundation 
that has drawn from many well-established, 
theory-based disciplines, including computer sci-
ence, library and information science, cognitive 
science, psychology, and sociology. The funda-
mental theorem of informatics [4] states that 
humans plus information technology should 
function and perform better together than humans 
alone, and so informatics is a source for support-
ive technologies and tools that enhance—but not 
replace—unreservedly human processes.

The US National Institutes of Health (NIH) 
offers a comprehensive and widely accepted defi-
nition for clinical research that includes a spec-
trum of populations, objectives, methods, and 
activities. Specifically, this broad definition states 
that “clinical research is… patient-oriented 
research conducted with human subjects (or on 
material of human origin that can be linked to an 
individual)” [5]. Under this definition, clinical 
research includes investigation of the mecha-
nisms of human disease, therapeutic interven-
tions, clinical trials, development of new 
technologies, epidemiology, behavioral studies, 
and outcomes and health services research.

The challenges in clinical research—and, 
thus, the opportunities for informatics support—
arise from many different objectives and require-
ments, including the need for optimal protocol 
design, regulatory compliance, improved patient 
recruitment and engagement, efficient protocol 
management, and data collection and acquisition; 
data storage, transfer, processing, and analysis; 
and, impeccable patient safety throughout. 
Regardless of clinical domain or study design, 
high-quality data collection and standard, for-

malized data representation are critical to the 
fundamental notion of research reproducibility.

The need for clinical research informatics is 
stronger and more visible that ever before as we 
are emerging from a global pandemic caused by 
a novel and lethal virus. As the New England 
Journal of Medicine reported, in December 2019, 
a cluster of patients with pneumonia of unknown 
cause was linked to a seafood wholesale market 
in Wuhan, China. A previously unknown beta-
coronavirus was discovered through the use of 
unbiased sequencing in samples from patients 
with pneumonia [6]. Since that time, the virus 
identified as COVID-19 has claimed millions of 
lives, and the pandemic opened greater aware-
ness of research, as there was a global push to 
develop and evaluate diagnostic tests, vaccines, 
and ultimately treatments. The gravity of the pan-
demic not only made progress faster than usual 
(the expeditious testing of the vaccine efficacy 
was unprecedented [7]) but also cast a bright 
light on the many challenges of clinical research 
and significant limitations of our infrastructure. 
The experience has demonstrated the essential 
role of clinical research informatics to support 
faster research in real-world settings as focus on 
pandemic vaccines and treatments was intense. 
In parallel, the FDA, in recognition that the cur-
rent clinical research infrastructure and approach 
are not sufficient to address and inform the grow-
ing number of clinical questions and emerging 
conditions/therapeutics (and also recognizing the 
need for real-world evidence (RWE) to inform 
real-world practice), has called for the develop-
ment of new methods for using real-world data 
(RWD) [8].

Clinical research investigations of other con-
ditions were also impacted by the COVID-19 
pandemic. Many clinical trials had to be modified 
and delayed according to COVID-19 protocols 
(following institutional guidelines and the 
Federal Drug Administration’s “Conduct of 
Clinical Trials of Medical Products During the 
COVID-19 Public Health Emergency” [9], but 
critical work did continue and has informed new 
methods adapting trials and analysis to cope with 
disruption and competing resources [10].
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�Contexts and Attempts to Define 
Clinical Research Informatics

Original research is needed to create an evidence 
base for information and communications tech-
nologies that meaningfully address the business 
needs of research and also streamline, change, 
and improve the business of research itself. CRI 
has now become established: several books—
including this one—are now available, CRI-
focused working groups in the American Medical 
Informatics Association (AMIA) and HL7 are 
quite active, and CRI is now a regular section in 
the International Medical Informatics Association 
(IMIA) Yearbook each year. Standards and best 
practices for research have started to emerge, as 
are standards for education and training in the 
field [11].

The comprehensive and definitive definition 
for CRI is presented by Embi and Payne (2009) 
who characterize CRI as “the sub-domain of bio-
medical informatics concerned with the develop-
ment, application, and evaluation of theories, 
methods, and systems to optimize the design and 
conduct of clinical research and the analysis, 
interpretation, and dissemination of the informa-
tion generated” [12]. A more descriptive defini-
tion is offered by AMIA, where CRI includes 
evaluation and modeling of clinical and transla-
tional research workflow; social and behavioral 
studies involving clinical research; designing 
optimal human–computer interaction models for 
clinical research applications; improving and 
evaluating information capture and data; flow in 
clinical research; optimizing research site selec-
tion, investigator, and subject recruitment; 
knowledge engineering and standards develop-
ment as applied to clinical research; facilitating 
and improving research reporting to regulatory 
agencies; and enhancing clinical and research 
data mining, integration, and analysis. (See 
AMIA CRI Working Group: https://amia.org/
community/working-groups/clinical-research-
informatics.) The definition and illustrative activ-
ities of CRI both emerged from in-person and 
virtual meetings and interviews with self-
identified CRI practitioners within the AMIA 
organization. Since CRI was formally defined in 

2009, the number of self-identified CRI practitio-
ners continues to grow in academic medical cen-
ters, pharmaceutical companies, and health IT 
and innovation start-ups. The growing demand to 
use EHR data to improve the efficiency, general-
izability, and relevance of clincal research is driv-
ing new models of patient engagement—both in 
research and with their health data—resulting in 
tremendous growth in mobile applications, fur-
ther broadening the landscape of CRI innovation 
and practice.

The scope and number of clinical and research 
questions to be addressed by CRI have obviously 
evolved over time and since our first two editions 
of this book. A single professional or educational 
home for CRI, and as such a source to develop a 
single consensus and more precise definition, is 
still lacking at present and likely unachievable 
given the multidisciplinary and multinational and 
multicultural scope of CRI activities. However, 
the AMIA CRI Working Group remains a crucial 
and dominate forum for CRI, providing a more 
detailed articulation of the role of the chief 
research information officer (CRIO) [13]. What 
is important to note is that this is all reflective of 
the bottom-up development of our field. For the 
annual survey of CRI for the IMIA Yearbook in 
2020, Anthony Solomonides wrote that many 
topics of interest today may also have been fea-
tured 10 years ago, but some topics did not figure 
at all in 2009. Among those new topics noted are 
artificial intelligence (AI), especially in the form 
of machine/deep learning, our understanding of 
causal inference, and the shifting trend in the use 
of “real-world evidence” (RWE) often gathered 
by networks using one or other of the several 
“common data models” [14].

The first references to what is now known as 
clinical research informatics go back to the 1960s 
and predict the inevitable use of computers to 
support data collection and analysis in research 
[15]. Christopher Chute (Chap. 2) goes into more 
detail on historical changes in research in terms 
of volume and types of data in the physical sci-
ences. The use of clinical databases for research 
inquiry was first established in the late 1960s, 
and by the next decade, there were at least a 
handful of clinical information systems being 
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used for research. This history is well described 
by Morris F. Collen in a 1990 historical review 
[16]. In short course, it was clear that structured 
data entry and data standards would be a critical 
component of any computerized support or anal-
ysis system in research [17]. M. Scott Blois was 
the first to describe the complexities and dimen-
sions of representing medical data in his seminal 
book [18]. Blois first recognized that systems 
could and should support more than queries 
about a single patient’s data but rather should be 
searchable to retrieve many patient records to 
support research and quality monitoring. The first 
applications focused on retrieval of clinical infor-
mation to identify and understand patient sub-
populations [19]. Others saw the potential for 
tapping these clinical databases in observational 
research and knowledge discovery; by the 1970s, 
cancer and tumor registries were well estab-
lished, and cardiovascular disease registries 
emerged. For the first few decades, computers in 
clinical research were indeed centered around 
maintaining a database focused on collecting and 
querying clinical data. The advent of patient eli-
gibility screening and trial recruitment systems in 
the 1990s represents the introduction of comput-
ers to support clinical research processes [20–
22]. The regulated nature of human trials, 
especially since the formal inquiry and establish-
ment of standards for the field in the 1970s, cre-
ated a critical need for documentation of methods 
and processes, as well as analyses and findings, 
and we saw systems emerge in the late 1980s that 
began to address the conduct of studies. The 
capabilities of these systems have improved, and 
their use has proliferated. Now, clinical research 
management systems of various types support 
the collection of data and the coordination of 
research tasks. The primary functionality of com-
mercial applications today is essentially con-
cerned with the delivery of valid and accurate 
data in conformity with the Good Clinical 
Practice (GCP) guidelines [23], and in most 
cases, these systems are still not well integrated 
with patient care systems.

The enormity of data generated from new 
diagnostic and measurement technologies, the 
increasing ability to collect data rapidly from 

patients or external data sources, and the scope 
and scale of today’s research enterprises have led 
to a bewildering array and amount of data and 
information. Information technology has contrib-
uted to the information management problems by 
generating more data and information, but the 
techniques and principles derived from informat-
ics promise to purposively utilize IT to address 
the issues of data collection, information man-
agement, process and protocol management, 
communication, and knowledge discovery, as 
well as show promise to improve research effi-
ciencies, increase our knowledge of therapeutic 
evaluation, and impact human health and the 
global economy. Still, in time, these tools will 
need to be evaluated via more formal means and 
evolve or be replaced by the next generation of 
tools and methods. As original informatics 
research and proper system evaluations—includ-
ing randomized trials of various systems with 
outcome measures related to research efficiency, 
quality, and patient safety—are conducted, pub-
lished, and scrutinized, evidence-based research 
systems, practices, and tools can be deployed and 
subsequently increase our ability to generate the 
knowledge and clinical evidence needed to 
address pressing and emergent public health 
problems.

�Perspective, Objectives, and Scope

This book comes during a very challenging time 
for CRI and biomedical informatics. Since the 
first and second editions of this text, we have seen 
new legislation (twenty-first Century Cures Act) 
and new programs including the NIH’s All of Us 
Research Program that show promise to leverage 
CRI to impact human health in unprecedented 
ways. We also have the National COVID Cohort 
Collaborative (N3C), a consortium with collabo-
rators who contribute and use COVID-19 clinical 
data to answer critical research questions to 
address the pandemic (National Center for 
Advancing Translational Sciences https://ncats.
nih.gov/n3c/about/program-faq). There is a 
growing interest around RWE for treatments and 
implementing—and generating—evidence in 
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Learning Health Systems (such as that defined by 
Agency for Healthcare Research and Quality): 
Learning Health Systems | Agency for Healthcare 
Research and Quality https://www.ahrq.gov/pro-
fessionals/systems/learning-health-systems/
index.html. And the rapid development and adop-
tion of the HL7 FHIR standard brings unprece-
dented potential and opportunity for sharing and 
use of clinical data in research.

This collection of chapters is meant to repre-
sent the current knowledge in the field with an 
eye toward the future, and we have several new 
chapters including Biorepositories, Best Practices 
for Research Data Management, and Apps in 
Clinical Research. In this book, we offer founda-
tional coverage of key areas, concepts, constructs, 
and approaches of medical informatics as applied 
to clinical research activities, in both current set-
tings and in light of emerging policies, so as to 
serve as but one contribution to the discourse 
going on within the field now. We do not presume 
to capture the entirety of the field (can any single 
text truly articulate the full spectrum of a disci-
pline?), but rather an array of both foundational 
and emerging areas that will impact clinical 
research and, so, CRI. Our aim is not to provide 
an introductory book on informatics, as is best 
done by Shortliffe, Cimino, and Chiang, in their 
foundational biomedical informatics text [24] or 
Hersh [25]. Rather, this text is targeted toward 
those who possess a basic understanding of the 
health informatics field and who would like to 
apply informatics principles to clinical research 
problems and processes. Many of these theories 
and principles presented in this text are, naturally, 
common across biomedical informatics and not 
unique to CRI; however, the authors have put 
these firmly in the context of how these apply to 
clinical research.

The excitement of such a dynamic area is 
fueled by the significant challenges the field must 
face. At this stage, there is still no consistent or 
formal reference model (e.g., curriculum models 
supporting graduate programs or professional 
certification) that represents the core knowledge 
and guides inquiry. Several informatics graduate 
programs across the country offer courses in clin-
ical research informatics (Oregon Health and 

Science University, Columbia University, Duke 
University to name a few) and anecdotal reports 
from educators who have told us that this is the 
text they use. In fact, the impetus for creating 
Clinical Research Informatics came, in part, 
from requests from instructors for a text that 
offers students and others a range of knowledge 
and best practices from some of the top CRI 
scholars and practitioners. As the discipline of 
CRI grows, this book continues to stand out as 
the primary, authoritative text on the field. In this 
text, we attempt to cover the range of knowledge 
topics and practices for relevant to CRI as well as 
to identify several broad themes that undoubtedly 
will influence the future evolution of CRI.

In compiling works for this book, we were 
well aware that our selection of topics and place-
ment of authors, while not arbitrary, was inevita-
bly subjective. Others in CRI might or might not 
agree with our conceptualization of the disci-
pline. Our goal is not to restrict CRI to the frame-
work presented here; rather, that this book will 
stir a discourse as this subdiscipline continues to 
evolve. In a very loose sense, this text represents 
a bottom-up approach to organizing this field. 
There is not one exclusive professional venue for 
clinical research informatics; therefore, no one 
single place to scan for relevant topics. Numerous 
audiences, researchers, and stakeholders have 
emerged from the clinical research side (profes-
sional practice organizations, academic medical 
centers, the FDA and NIH sponsors, research 
societies like the Society for Clinical Trials, and 
various clinical research professional and accred-
iting organizations such as the Association of 
Clinical Research Professionals) and also from 
the informatics side (AMIA). Every year since 
2011, Dr. Peter Embi conducts a systematic 
review of innovation and science of CRI and 
presents it to AMIA [26].

The authors for each of the chapters were 
selected for their demonstrated expertise in the 
field. We asked authors to attempt to address 
multiple perspectives, to paint major issues, and, 
when possible, to include international perspec-
tives. Each of the outstanding authors succeeded, 
in our opinion, in presenting an overview of prin-
ciples, objectives, methods, challenges, and 
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issues that currently define the topic area and that 
are expected to persist over the next decade. The 
individual voice of each author distinguishes one 
chapter from the other. Although some topics can 
be quite discreet, others overlap significantly at 
certain levels, and therefore, some topcis are 
included across multiple chapters.

�Organization of the Book

This new edition has evolved over the previous 
editions and has been significantly reorganized. 
New sections have been created (increased from 
three to five) to offer a more logical organization 
expansion of related topics and chapters.

We organize the chapters under unifying 
themes at a high level using five broad sections: 
(1) the foundations of clinical research informat-
ics; (2) enabling frameworks, processes and 
tools; (3) managing different types of data across 
clinical and translational research; (4) knowledge 
representation and data-driven discovery in CRI, 
a section that represents the future of clinical 
research, health, and clinical research informat-
ics; and (5) evolving models and new opportuni-
ties for the transformation of clinical research. A 
new feature of this edition is the addition of 
“Learning Objectives” at the beginning of each 
chapter that highlight key concepts to help guide 
readers.

Part I: Foundations of Clinical Research 
Informatics

Chapter 2: From Notations to Data: The 
Digital Transformation of Clinical Research

Chapter 3: Methodological Foundations of 
Clinical Research

Chapter 4: The Clinical Research Environment
Chapter 5: Next Generation Biorepository 

Informatics: Supporting Genomics, Imaging, and 
Innovations in Spatial Biology

Chapter 6: Study Protocol Representation
Chapter 7: Clinical Research Information 

Systems
Chapter 8: Public Policy Issues in Clinical 

Research Informatics
The first section addresses the historical con-

text, settings, wide-ranging objectives, and basic 

definitions and topics for clinical research infor-
matics. In this section, we sought to introduce the 
context of clinical research and the relevant 
pieces of informatics that together constitute the 
space for applications, processes, problems, 
issues, etc. that collectively comprise CRI activi-
ties. We start with a historical perspective from 
Christopher Chute, whose years of experience in 
this domain and informatics, generally, allow for 
an overview of the evolution from notation to 
digitization. His chapter brings in historical per-
spectives to the evolution and changing para-
digms of scientific research in general and 
specifically on the ongoing development of clini-
cal research informatics. Also, the business 
aspects of clinical research are described and jux-
taposed with the evolution of other scientific dis-
ciplines, as new technological advances greatly 
expanded the availability of data in those areas. 
Chute also illustrates the changing sociopolitical 
and funding atmospheres and highlights the 
dynamic issues that will impact the definition and 
scope of CRI moving forward. Extending the 
workflow and information needs is an overview 
of study designs in the chapter on methodologi-
cal foundations of clinical research presented by 
Antonella Bacchieri and Giovanni Della Cioppa. 
They provide a broad survey of various research 
study designs (which was described in much 
more detail in a separate Springer text [27] 
authored by them) and highlight the data capture 
and informatics implications of each. Philip 
Payne follows the method chapter with a chapter 
focused on the complex nature of clinical research 
workflows included in the clinical research envi-
ronment—including a discussion on stakeholder 
roles and business activities that make up the 
field. This is a foundational chapter as it describes 
the people and tasks that information and com-
munication technologies (informatics) are 
intended to support.

At the crux of clinical research informatics is 
a variety of information management systems, 
which are characterized and described by Prakash 
Nadkarni. His chapter also gives a broad over-
view of system selection and evaluation issues. In 
addition, this chapter provides brief descriptions 
of each group of activities, system requirements 
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for each area, and the type and status of systems 
for each.

We are very pleased to have Michael Becich 
and colleagues, Chenyu Li, Rumana Rashid, 
Eugene Sadhua, and Sandro Santagatac, contrib-
ute a new chapter on biorepositories. As Dr. 
Becich et  al. maintain, the importance of bio-
specimens and their derivatives, particularly 
genomic sequencing and expression data coupled 
with deep clinical annotation from electronic 
health records, is fueling a new era of deep bio-
logic interrogation of both the cell biology of 
human tissues and their diseased counterparts. 
The importance of computerized representation 
of both data and processes—including the for-
malization of roles and tasks—is underscored by 
Joyce Niland, Julie Hom, and Susan Hmwe in 
their chapter on Study Protocol Representation. 
The essence of any clinical study is the study pro-
tocol, an abstract concept that comprises a study’s 
investigational plan and also a textual narrative 
documentation of a research study.

The section ends with an up-to-date look by 
Jeff Smith on the important policy issues con-
cerning CRI. Smith provides deep detail on the 
history and implications of the twenty-first 
Century Cures Act, and he emphasizes that capi-
talizing on the numerous and extraordinary 
opportunities to improve development and deliv-
ery of new interventions will depend heavily on 
the application of CRI theory and methods.

Part II: Enabling Frameworks and 
Processes and Tools

Chapter 9: Data Sharing and Reuse of Health 
Data for Research

Chapter 10: Data Quality in Clinical Research
Chapter 11: Research Data Governance, 

Roles, and Infrastructure
Chapter 12: Informatics Approaches to 

Patient Recruitment
Chapter 13: Patient Registries for Clinical 

Research
Several chapters in this section cover the pro-

cess of handling data in CRI and how to appropri-
ately manage and use this data.

The use of clinical data for research is a tre-
mendous challenge with perhaps the greatest 
potential for impact in all areas of clinical 

research. Standards specifications for the use of 
clinical data to populate research forms have 
evolved to support a number of very promising 
demonstrations of the “collect once, use many” 
paradigm. In her chapter on clinical data sharing 
and reuse of health data for research, Rebecca 
Kush covers various scenarios for data sharing, 
including who needs to share data and why. More 
importantly, she describes the history and future 
strategy of cooperation between major standards 
development organizations in health care and 
clinical research.

The quality of the data ultimately determines 
the usefulness of the study and applicability of 
the results. In “Data Quality in Clinical 
Research,” Meredith Zozus, Michael Kahn, and 
Nicole Weiskopf address the idea that central to 
clinical research are data collection, quality, and 
management. They focus on various types of data 
collected (e.g., clinical observations, diagnoses) 
and the methods and tools for collecting these. 
Special attention is given to the development as 
use of case report forms (CRFs), historically the 
primary mechanism for data collection in clinical 
research but also the growing use of EHR data in 
clinical research and data bias. The chapter pro-
vides a theoretical framework for data quality in 
clinical research and also will serve as practical 
guidance. Moreover, Zozus et  al. draw on the 
themes of workflows presented by Payne in the 
chapter on clinical research environment and 
advocate explicit processes dedicated to quality 
for all types of data collection and acquisition.

In the chapter on data governance, Anthony 
Solomonides provides many ways to look at how 
clinical research data is governed and the neces-
sary steps to ensure data is managed and pro-
tected for research. In addition to providing key 
activities for proper data governance, he also 
explains various motivations and reasons sup-
porting “why” effective data governance is 
important and ardently pursued. Dr. Solomonides 
describes organizational structures and processes 
that can be used to ensure data quality and patient 
and institutional protections. His chapter includes 
a case study.

Chunhua Weng and Peter Embi address infor-
mation approaches to patient recruitment by dis-
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cussing practical and theoretical issues related to 
patient recruitment for clinical trials, focusing on 
possible informatics applications to enhance 
recruitment. Their chapter highlights evolving 
methods for computer-based recruitment and eli-
gibility determination, sociotechnical challenges 
in using new technologies and electronic data 
sources, and standardization efforts for knowl-
edge representation.

Finally, and also related to patients, is a chap-
ter on patient registries, provided by Rachel 
Richesson, Leon Rozenblit, Kendra Vehik, and 
Jimmy Tcheng. They highlight the growing 
importance of patient registries as curated data 
resources that can be enriched with multiple data 
types to support research, discovery, and health-
care quality improvement, thereby providing data 
infrastructure for learning health systems. Their 
discussion includes the scientific and technical 
issues for registries and reviews challenges and 
approaches for standardizing the data collected.

Part III: Managing Different Types of Data 
Across Clinical and Translational Research

Chapter 14: Best Practices for Research Data 
Management

Chapter 15: Patient-Reported Outcome Data
Chapter 16: Molecular, Genetic and other-

omics Data
Chapter 17: Clinical Trials Registries, Results 

Databases, and Research Data Repositories
The premise of clinical research informatics is 

that the collection of data, and techniques for 
aggregating and sharing data with existing 
knowledge, can support discovery of new knowl-
edge leading to scientific breakthroughs. The 
chapters that comprise this section are focused on 
state-of-the-art approaches to organizing or rep-
resenting knowledge for retrieval purposes or use 
of advanced technologies to discover new knowl-
edge and information where structured represen-
tation is not present or possible. A new chapter 
for this edition is on research data management 
by Anita Walden, Maryam Garza, and Luke 
Rasmussen. This chapter provides general guid-
ance around the traditional and several forward-
thinking aspects of clinical data management 
(CDM). It offers a foundational understanding of 
CDM and the scope of its activities. The chapter 

also describes the significance and relevance of 
CDM to researchers and data managers and sum-
marizes best practices and resources for training 
and certification.

An important source of data, data reported by 
patients, is described thoroughly by Robert 
Morgan, Kavita Sail, and Laura Witte in the next 
chapter on “Patient-Reported Outcomes.” The 
chapter describes the important role patient out-
comes play in clinical research and the funda-
mentals of measurement theory and 
well-established techniques for valid and reliable 
collection of data regarding patient experiences.

This section also has a chapter on molecular, 
genetic, and other omic data that includes the 
increasing availability of genetic data that is 
becoming vital to clinical research and personal-
ized medicine. The discussion provided by 
Stephane Meystre, Ramkiran Gouripeddi, and 
Alexander Alekseyenko primarily focuses on the 
relationship and interactions of voluminous 
molecular data with clinical research informatics, 
particularly in the context of the new (post) 
genomic era. The translational challenges in bio-
logical and genetic research, genotype–pheno-
type relations, and their impact on clinical trials 
are addressed in this chapter as well.

The full transparency of clinical research is a 
powerful strategy to diminish publication bias, 
increase accountability, avoid unnecessary dupli-
cation of research, advance research more effi-
ciently, provide more reliable evidence 
(information) for diagnostic and therapeutic pre-
scriptions, and regain public trust. Trial registra-
tion and results disclosure are considered powerful 
tools for achieving higher levels of transparency 
and accountability for clinical trials. New empha-
sis on knowledge sharing and growing demands 
for transparency in clinical research is contribut-
ing to a major paradigm shift in health research 
that is well underway. This section’s final chapter 
by Karmela Krleža-Jerić, Mersiha Mahmić-
Kaknjo, and Khaled El Emam discusses the use of 
trial registries and results databases in clinical 
research and decision-making. International stan-
dards of trial registration and their impact are dis-
cussed, as are the contribution of informatics 
experts to these efforts.
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Part IV: Managing Different Types of Data 
Across Clinical and Translational Research

Chapter 18: Knowledge Representation and 
Ontologies

Chapter 19: Developing and Promoting Data 
Standards for Clinical Research

Chapter 20: Non-Hypothesis Driven 
Research: Data Mining and Knowledge 
Discovery

Chapter 21: Clinical Natural Language 
Processing in Secondary use of EHRs for 
Research

There is a natural appeal to ideas for transform-
ing and exchanging heterogeneous data, which 
can be advanced using ontologies (or formal con-
ceptual semantic representations of a domain). 
Kin Wah Fung and Olivier Bodenreider give us an 
overview of basic principles and challenges, all 
tied to examples of use of ontology in the clinical 
research space. This chapter covers the challenges 
related to knowledge representation in clinical 
research and how trends and issues in ontology 
design, use, and testing can support interoperabil-
ity. Essential definitions are covered, as well as 
applications and other resources for development 
such as the semantic web. Additionally, major rel-
evant efforts toward knowledge representation are 
reviewed. Specific ontologies relevant to clinical 
research are discussed, including the ontology for 
clinical trials and the ontology of biomedical 
investigation. Organizations, such as the National 
Center for Biomedical Ontology, that coordinate 
development, access, and organization of ontolo-
gies are discussed.

Rachel Richesson, Cecil Lynch, and W.  Ed 
Hammond cover the topic of standards—a cen-
tral topic and persistent challenge for informatics 
efforts. Their focus is on the standards develop-
ment process and relevant standards developing 
organizations, including the Clinical Data 
Interchange Standards Consortium (CDISC) and 
Health Level Seven (HL7). They address the col-
laboration and harmonization between research 
data standards and clinical care data standards 
and discuss new standards initiatives, such as the 
HL7 Vulcan FHIR Accelerator initiative.

A chapter on nonhypothesis-driven research, 
authored by Mollie Cummins, Senthil 

Nachimuthu, Samir Abdelrahman, Julio Facelli, 
Ramkiran Gouripeddi, offers an overview of 
state-of-the-art data mining and knowledge dis-
covery methods and tools as they apply to clinical 
research data. The vast amount of data that is 
warehoused across various clinical research 
enterprises, and the increasing desire to explore 
these to identify unforeseen patterns, require very 
advanced techniques. Examples of how 
nonhypothesis-driven research supported by 
advanced data mining, knowledge discovery 
algorithms, and statistical methods help elucidate 
the need for these tools to support clinical and 
translational research.

Much of the information in EHR systems is in 
the form of unstructured or free-text data, and as 
found in clinical notes and narratives, the ability 
to access these data has the potential or transform 
clinical research. As a final chapter in this sec-
tion, authors Sunyang Fu, Andrew Wen, and 
Hongfang Liu discuss how new methods and 
tools are describe and how clinical natural lan-
guage processing (NLP) has been adopted to 
computationally facilitate clinical research. Their 
chapter describes the foundation of clinical NLP 
and explains different NLP techniques that can 
be employed in the context of extracting and 
transforming narrative information in EHR to 
support clinical research.

Part V: Evolving Models and New 
Opportunities for the Transformation of 
Clinical Research

Chapter 22: Back to the Future: The Evolution 
of Pharmacovigilance in the Age of Digital 
Healthcare

Chapter 23: Evolving Opportunities and 
Challenges for Patients in Clinical Research

Chapter 24: Apps in Clinical Research
Chapter 25: Future Directions in Clinical 

Research Informatics
In this final section of the text, we also include 

topics that will continue to impact CRI into the 
future and that build upon the contexts, data 
sources, and information and knowledge man-
agement issues discussed in previous sections. 
Many of the topics included here are truly multi-
disciplinary and stand to potentially impact all 
clinical research studies.
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Pharmacovigilance is an important and evolv-
ing discipline that is highly relevant to the future 
evolution of CRI application domains, particu-
larly given the relevance of pharmacovigilance to 
patient safety and potential to impact population 
health. Informatics methods and applications are 
needed to ensure drug safety for patients and the 
ability to access, analyze, and interpret distrib-
uted clinical data across the globe to identify 
adverse drug events. Michael Ibara and Rachel 
Richesson provide a historical account of its evo-
lution, as well as the increasing need for infor-
matics methods and applications that can be 
employed to ensure greater patient safety. Various 
issues are explored in this context, including drug 
and device safety monitoring and changing para-
digms and emerging infrastructures for detecting 
adverse drug events.

Two chapters in this final section tackle differ-
ent perspectives on patients or consumers. Given 
the rapid advances in technology and parallel 
continued emphasis on patient empowerment and 
participation in decision making, Jim Andrews, 
Christina Eldredge, Janelle Applequist, and 
David Johnson consider the changing role of con-
sumers in health care generally and in clinical 
research particularly. Traditional treatments of 
information behaviors and health communication 
are discussed, building to more current 
approaches and emerging models. Central to 
understanding the implications for clinical 
research are the evolving roles of consumers who 
are more engaged in their own decision-making 
and care and who help drive research agendas. 
The tools and processes that support patient 
decision-making, engagement, and leadership in 
research are also briefly described here.

A new chapter, “Apps in Clinical Research,” is 
also included in this edition. In this chapter, Brian 
Douthit describes how the introduction of “apps” 
(software applications that can be installed and 
run on computers, tablets, or smartphones) are 
changing the landscape of clinical research by 
opening new avenues for administrating and 
evaluating interventions. The almost ubiquitous 
use of smartphones and apps has transformed 
many industries, and a similar transformation of 
health care and clinical research appears inevita-

ble. In this chapter, Dr. Douthit outlines the major 
events leading to today’s app infrastructure, cur-
rent uses of apps in clinical research, design con-
siderations, and future directions. The book 
concludes with a brief chapter by Peter Embi 
summarizing the challenges CRI researchers and 
practitioners will continue to face as the field 
evolves and new challenges arise. This conclud-
ing chapter helps in envisioning the future of the 
domain of clinical research informatics. In addi-
tion to outlining likely new settings and trends in 
research conduct and funding, the author cogi-
tates on the future of the informatics infrastruc-
ture and the professional workforce training and 
education needs. A focus of this chapter is the 
description of how clinical research (and support-
ing informatics) fits into a bigger vision of a 
learning health system and of the relationship 
between clinical research, evidence-based medi-
cine, evidence-generating medicine, and quality 
of care.

�Conclusion

The overall goal of this book is to contribute to 
the ongoing discourse among researchers and 
practitioners in CRI as they continue to rise to the 
challenges of a dynamic and evolving clinical 
research environment. CRI is an exciting and 
broad domain, leaving ample room for future 
additions or other texts exploring these topics 
more deeply or comprehensively. Most certainly, 
the development of CRI as a subdiscipline of 
informatics and a professional practice area will 
drive a growing pool of scientific literature based 
on original CRI research, and high-impact tools 
and systems will be developed. It is also certain 
that CRI groups will continue to support and cre-
ate communities of discourse that will address 
much needed practice standards in CRI, data 
standards in clinical research, policy issues, edu-
cational standards, and instructional resources.

The scholars that have contributed to this 
book are among the most active and engaged in 
the CRI domain, and we feel they have provided 
an excellent starting point for deeper explora-
tions into this emerging discipline. While we 
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have by no means exhausted the range of topics 
in this new edition of CRI, we hope that readers 
will see several themes stand out throughout this 
text. The authors illustrate well that the CRI 
domain can keep up with the pace of innovation 
even in hard times (like pandemics). It is likely 
that moving forward, the use of informatics and 
computing will continue to evolve to address 
emergent research needs and technical capabili-
tie and accelerate the generation of new knowl-
edge and insight to guide the course of human 
and global evolution in ways we cannot even 
predict.
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