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Chapter 9
Clinical and Translational Research 
Informatics Education and Training

Peter J. Embi and Philip R. O. Payne

 Role of Informatics in Clinical and Translational Science

The modern biomedical research domain has experienced a fundamental shift 
towards integrative clinical and translational research. This shift has been mani-
fested in a number of ways, including the launch of the NIH Roadmap initiative 
[1–3] that has resulted in the creation of the Clinical and Translational Science 
Award (CTSA) program [3], as well as the rapid growth of high-throughput bio- 
molecular technologies and corresponding bio-marker-to-phenotype mapping 
efforts [4]. A commonly reported thread in a broad variety of reports and commen-
taries concerned with this evolution focuses on the challenges and requirements 
related to the collection, management, integration, analysis, and dissemination of 
large-scale, heterogeneous biomedical data sets [5–8]. However, well-established 
and broadly adopted theoretical and practical frameworks intended to address these 
needs are still lacking in the biomedical informatics knowledge base [7, 9–11]. 
Instead, the development and execution of integrative clinical or translational 
research is significantly limited by the propagation of “silos” of both data and 
expertise.

A critical need in overcoming such barriers to the efficient, timely, and impactful 
conduct of clinical and translational research is the development of a biomedical 
and informatics workforce educated and trained to make contributions both by 
leveraging informatics capabilities to accelerate biomedical research and to advance 
basic and applied science in the field of biomedical informatics itself.
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As the conduct of clinical and translational research is an information-intensive 
task, much work at the intersection of biomedical informatics and biomedical 
research is needed and has, in fact, been ongoing. Indeed, in recent years, the appli-
cation of biomedical informatics principles, approaches and tools to the conduct 
and support of clinical and translational research has evolved. The result is the 
emergence of two complementary biomedical informatics sub-disciplines that have 
arisen in response to the unique challenges and opportunities facing research, 
namely Translational Bioinformatics (TBI) and Clinical Research Informatics 
(CRI). While definitions vary, we will define these two sub-disciplines as follows:

• Translational Bioinformatics (TBI) is the sub-discipline of biomedical infor-
matics concerned with the development of storage, analytic, and interpretive 
methods to optimize the transformation of increasingly voluminous biomedical 
data into what has been called P4 medicine (predictive, preventive, personalized 
and participatory) [4, 12, 13]

• Clinical Research Informatics (CRI) is the sub-discipline of biomedical infor-
matics concerned with the development, 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 information generated [5].

Given that these domains of TBI and CRI are both complementary and critical to 
the conduct of clinical and translational research these two sub-disciplines can col-
lectively be referred to as Clinical and Translational Research Informatics 
(CTRI), and this overarching sub-domain of biomedical informatics is what we will 
focus on in this chapter.

As depicted in Fig. 9.1, the combined sub-domain of CTRI overlaps with, and 
complements, the related, but distinct, informatics sub-domains concerned with 
aspects of basic and early translational science (e.g. bioinformatics), clinical prac-
tice (e.g. clinical informatics), and public and population health (e.g. public health 
informatics). This range of domains has been referred to as the translational 
research spectrum with multiple points of translation as shown in Fig. 9.1. As such, 
it is evident that CTRI spans the T1 and T2 ends of the translational research 
spectrum.

 Challenges and Opportunities of CTRI

 Management of Heterogeneous Data Sets

The ability to collect and manage heterogeneous data sets with increasing levels of 
dimensionality is a significant challenge. The dissemination and adoption of 
advanced information management platforms that will allow researchers and their 
staff to focus on fundamental scientific problems rather than practical informatics 
needs are critical to reducing the burden of managing large multi-dimensional data 
sets [7, 10, 14, 15]. Central to the ability to realize this opportunity is the imperative 

P. J. Embi and P. R. O. Payne



115

that the semantics of such data be well understood and made actionable relative to 
such operations [16–18].

 Appropriate Methods and Tools

The need for knowledge-anchored methods and tools intended to enable the discov-
ery, query, and integration of local distributed data, information, and knowledge 
resources is critical. This challenge is particularly pressing in multi-disciplinary 
team-science programs. The challenge is compounded by the fact that knowledge 
needed to discover, query, and integrate heterogeneous data, and information is 
often spread over a variety of sources [16]. The utilization of knowledge sources by 
scientific end-users is significantly hampered due to a lack of easy-to-use tools for 
knowledge resource discovery and information retrieval. Development of such tools 
is an opportunity for informatics.
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Fig. 9.1 Illustration of types of research across which CTRI is focused, and the relationships 
between CTRI and the other sub-domains of translational bioinformatics, clinical informatics, and 
public health informatics. These relationships also parallel the focus areas and methodologies 
associated with the clinical and translational science paradigm, including the commonly referred 
to T1 and T2 blocks in translational capacity (where the T1 block is concerned with impediments 
to the translation of basic science discoveries into clinical studies, and the T2 block with the trans-
lation of clinical research findings into community practice) (Reprinted with permission from 
BMJ, which holds the copyright, from Embi and Payne [5])
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 Workflow Facilitation

The provision of systematic and extensible platforms capable of expediting work-
flows for knowledge integration and analysis is critical to discovery science para-
digms. The challenge in facilitating workflow is exacerbated by the lack of 
availability of systematic data and knowledge “pipelining” tools that are capable of 
supporting the definition and reuse of computational workflows incorporating mul-
tiple source data sets, contextual knowledge sources, intermediate data analysis 
steps and products, and output types [19, 20].

 Workforce Needs

As illustrated by the challenges and opportunities facing the CTRI sub-domain, 
there exists “…a major need to educate informaticians, clinical research investiga-
tors/staff, and senior leadership concerning the theory and practice of CTRI. Such 
education was thought to be necessary to ensure appropriate expectation manage-
ment; adoption/utilization of CTRI related methods or tools; and the allocation of 
appropriate resources to accomplish organizational aims” [5].

Such programs enable the creation of a critical pipeline of experts and thought 
leaders needed to drive CTRI as a discipline, expanding the current state of clinical 
and translational research informatics education in general.

Indeed, for the reasons stated above and due to significant progress in recent 
years, CTRI has emerged as a distinct discipline in its own right. Initiatives such as 
the CTSA program noted above have helped to galvanize the CTRI community and 
drive important work in CTRI with the goal of advancing clinical and translational 
science.

Amidst these ongoing efforts and the progress that has recently been made in 
CTRI both nationally and internationally, it is recognized that the numbers of IT, 
informatics, and research professionals trained in CTRI is quite small and inade-
quate to support the advancements needed if we are to reap the benefits promised by 
this field.

In order to develop an adequately trained workforce with expertise in the criti-
cally important and emerging domain of CTRI, a range of new programs have been 
under development in recent years. Such programs enable the creation of a critical 
pipeline of experts and thought leaders needed to drive CTRI as a discipline, expand-
ing the current state of clinical and translational research informatics education in 
general. Those involved recognize that there are multiple levels of education and 
training needed to expand the research informatics workforce, including a variety of 
related but distinct programs that will serve audiences needing different levels of 
training/educational intensity based upon their career goals and job-requirements. 
These range from short tutorials, to intensive courses, to certificate programs, to 
formal training culminating in Masters or PhD level education in CTRI.
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The different levels of education for learners at varying levels of intensity based 
upon their stage of training, their role in the research and informatics/IT enterprise, 
and their career goals guide such program development. A description of the vary-
ing types of learners and the related types of training that would likely be relevant/
of interest to such groups of learners is depicted in Table 9.1. As the chart depicts 
using different size marks, learners in each category on the left may opt for more or 
less intensive training, but we have indicated with the large “X” those offerings we 
think most appropriate to each type.

To date, such programs are few and far between. However, there are some being 
delivered at the time of this writing, such as: (1) in-person and online “short courses” 
in CRI; (2) CRI online training programs; (3) Certificate programs in “Clinical and 
Translational Research Informatics” via online, distance-learning. A discussion of 
the curricular content areas will follow, but first we will lay out the different types 
of education and training opportunities that tend to dominate the current CTRI 
landscape.

 Tutorials and Short Courses

In order to provide a basic understanding of clinical and translational research infor-
matics to a wide audience including students, clinicians, research personnel and 
even institutional leaders who may not require or be interested in more intensive and 
lengthy programs of study, some research informatics “short-courses” or tutorials 
have been developed. Such courses typically consist of a truncated subset of infor-
mation from a more intensive weeks-long research informatics course, such as the 
one described below and are delivered both online and in-person.

One such example is a 3-hour tutorial offered at national informatics profes-
sional meetings. The goal of such a program is to familiarize the groups listed with 
the basic concepts, goals, and utility of biomedical informatics approaches as they 

Table 9.1 Educational program applicability by learner stage/role

Tutorial

Multi- 
week 
course

Certificate 
program

Master’s 
degree  
(or PhD)

Student/resident, clinicians, faculty, 
leadership

X x

Investigators, research staff, or 
informatician liaisons

x X x

Informatician, investigator, or research 
staff who will use or support research 
informatics

x X x

Informatician with research informatics 
career focus

x X

X most applicable, x possibly applicable
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relate to advancing both the generation of evidence (i.e. through research as well as 
through common data collection, subject recruitment, and other activities) and the 
translation of research knowledge into practice.

Driven by the recognition of the importance of education and training focused on 
research informatics to ensure optimal use of information resources and capabilities 
across the research enterprise, some have also developed and deployed formal edu-
cational programs specifically focused in the CTRI space. One such example was a 
clinical and translational research informatics online training program developed by 
Embi and colleagues in collaboration with the American Medical Informatics 
Association’s (AMIA) 10 × 10 initiative [11]. This 10 × 10 program, which was 
conducted from 2011–2016, provided students with an intensive survey of the field 
of CTRI delivered mostly via distance-learning, with a concluding face-to-face ses-
sion that took place at an AMIA national meeting. Using state-of-the-art asynchro-
nous distance education resources and techniques, the program incorporated 
multiple modes of learning and participant interaction including weekly voice-over- 
PowerPoint lectures, threaded discussion forums, online knowledge assessments, 
and a class project that is presented during a concluding face-to-face session. The 
audience included: (a) investigators interested in learning more about CTRI’s rele-
vance to clinical/translational research, (b) informaticians who are interested in 
strengthening their knowledge of CTRI as a subdomain of biomedical informatics, 
and (c) other students interested in the domain, such as those from the biotechnol-
ogy or pharmaceutical industry, government, etc. A typical course schedule/curricu-
lum for the 10 × 10 program is depicted in Table 9.2.

 Certificate Programs

Beyond tutorials and short courses, there exists another level of training programs 
in CTRI that lead to granting of formal university-based certificates and that are 
often delivered via online/distance-learning offerings. The programs typically draw 
upon and leverage courses from CTRI tracks of Masters or PhD level curricula, 
though some are stand-alone. Typical certificate programs include a five-course 
series consisting of core courses and tracks with the ability for partial customization 
to suit learners (Fig. 9.2). Courses include such titles as: Introduction to Biomedical 
Informatics; Clinical and Translational Research Informatics; Decision Analysis 
and Cost Effectiveness Analysis; and Quality Improvement and Patient Safety; 
Introduction to Bioinformatics; Computational Genomics; Data Modeling and 
Database Design; IS/IT Architecture; JAVA Programming for the Enterprise; and 
Introduction to Research Methods and Biostatistics.

Sometimes, those who start off with the short-course option, will transition to the 
certificate to gain further knowledge. Typically, enrollees work with their advisor to 
determine whether they should pursue a T1 or T2 focused program of coursework, 
or “Track,” based upon their interests, background, and career goals. That is, those 
who are interested in either a T1 (research informatics as applied toward the T1 end 

P. J. Embi and P. R. O. Payne



119

Table 9.2 Curriculum for clinical research informatics 10 × 10 course

Week
Competencies (at the conclusion of this session students will 
be able to:)

 1.  Course overview and 
general biomedical 
informatics principles

Discuss the goals of the course
Discuss basic principles of biomedical and health informatics 
including health system architectures, evaluation, etc.
Discuss definitions of biomedical informatics and of the 
clinical research informatics subdomain of biomedical 
informatics
Discuss the major challenges and opportunities facing the CRI 
domain.

 2.  Overview of clinical 
research

Discuss the definitions and types of clinical research and the 
related areas of translational research
Discuss basic principles of clinical research including the 
research process, aspects of study design, data collection and 
analysis, etc.

 3.  Informatics applications in 
clinical research, part 1

Discuss the application of research-specific informatics 
approaches and tools in clinical research
Discuss the uses of general informatics systems as applied to 
clinical research
Discuss informatics methods and tools applied to research 
hypothesis development

 4.  Informatics applications to 
clinical and translational 
research, part 2

Discuss informatics methods and tools applied to protocol 
development
Discuss informatics methods and tools applied to patient 
recruitment
Discuss informatics methods and tools applied to adverse 
event surveillance and pharamcovigiliance
Discuss informatics methods and tools applied to 
dissemination and utilization of research findings

 5.  Research data collection, 
management and analysis

Discuss current best practices and principles for data 
collection, management and reporting
Discuss methods and tools applied to research data collection
Discuss methods and tools applied to data analysis and 
reporting

 6. Enterprise systems in CRI Discuss principles and practice of research database and data 
warehouse development
Discuss the key elements and features of clinical trial 
management and electronic data capture systems

 7.  Data and knowledge 
standards in CRI

Discuss the importance of standards, terminologies and 
models in biomedical informatics
Discuss ontology and model initiatives in CRI

 8.  Regulatory and ethical 
issues in CRI

Discuss key issues in privacy, confidentiality and research 
oversight relevant to CRI practice
Discuss key ethical considerations in research informatics
Discuss key principles and tools for trial registration and 
results dissemination

(continued)
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of the translational spectrum) or T2 (research informatics as applied toward the 
clinical/population health end of the translational spectrum) emphasis, follow a cus-
tomized “track” focused more so on bioinformatics or clinical informatics respec-
tively, as appropriate. Figure  9.2 demonstrates example curricula for each track 
students might pursue.

 Masters, PhD and Fellowship Programs in CTRI

For those who will focus on CTRI as their primary area of emphasis in a biomedical 
informatics career, formal training at the masters, doctoral, or fellowship level is 
appropriate. Training programs have been developed with just such a focus, and 
provide exploration of exemplary data, information, and knowledge management 
challenges and opportunities that exist as the intersection of biomedical informatics 

Table 9.2 (continued)

Week
Competencies (at the conclusion of this session students will 
be able to:)

 9.  Translational research 
informatics, and CRI-BMI 
overlaps

Discuss the applications of informatics principles of 
translational science (both T1 and T2)
Discuss the overlap of clinical research informatics and related 
domains of clinical informatics, translational bioinformatics, 
and public health informatics

10.  Review major CRI 
initiatives and future 
directions

Discuss major national and international initiatives driving the 
CRI Agenda
Discuss key CRI directions for the future

Core courses

T1 track selectives T2 track selectives

1. Introduction to biomedical

informatics

2. Clinical and translational

research informatics

3. Data modeling and database

design

4. Introduction to

bioinformatics

4. Decision and cost-

effectiveness analysis

Fig. 9.2 Example curricula for certificate program enrollees, branched into T1 and T2 exam-
ple tracks
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and both clinical and translational science. Such programs tend to offer a foundation 
in biomedical informatics, with an emphasis on issues unique to the CTRI 
subspecialty.

 Lessons Learned

When viewed in a holistic manner, the preceding CTRI-focused training landscape 
and its historical evolution serve to elucidate three important lessons learned, as 
enumerated below.

 Tailoring the Focus of the Curriculum for Different 
Learner Roles

One key lesson learned by the CTRI community has been that there are a variety of 
types of individuals who require training and expertise with regards to the domain. 
For example, some individuals seek training in order to support or enable their abil-
ity to serve as CTRI practitioners, wherein they might be responsible for the devel-
opment, management, and support of various technology platforms and interventions 
targeting the clinical and translational science domain. Other individuals may seek 
training in order to inform their pursuit of innovative and novel scientific studies 
concerned with biomedical informatics theories and methods that may serve to 
address the clinical and translational research information needs. Finally, individu-
als in leadership or decision making roles (e.g., policy makers, etc.) may seek train-
ing in CTRI in order to inform their analysis and understanding of critical policy, 
financial, and socio-technical issues with relevance to clinical and translational 
research that they may need to address.

Each of these types of individuals requires a different type of training, which can 
be generally differentiated based upon: (1) its breadth (coverage of domain) vs. 
depth (level of detail); (2) its degree of theoretical vs. application-level orientation; 
and (3) its focus on different aspects of the research cycle and translational spec-
trum. For example, clinical and translational researchers who are not primarily 
CTRI practitioners may need training that has significant depth and application- 
level orientation with a moderate level of breadth in CTRI, focusing on the particu-
lar research areas they will be responsible for in their professional research setting. 
On the other hand, informaticians who want to specialize as CTRI investigators or 
researchers may need both a broad and theoretical grounding in the field with a high 
degree of depth into CTRI areas so as to ensure that they possesses a rigorous, stra-
tegic, and methodological understanding of the domain. Finally, policy or decision 
makers may need a great deal of breadth of understanding of the field, with an equal 
treatment of theory and applications-level foci, and a low level of depth. All of the 
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aforementioned scenarios illustrate and continue to argue for highly tailored 
approaches to the design and delivery of CTRI training based on audience type and 
composition.

 Differentiation of Acculturation vs. Training to Determine Type 
of Instruction

A related lesson that emerged from the ongoing development of CTRI training pro-
grams is that it is important to differentiate among the various CTRI roles and how 
these roles influence the needs of such individuals for either acculturation or train-
ing in the field. This differentiation will influence the type of course that is offered. 
In such a context, acculturation can be thought of as the process of gaining a “sur-
vey” level of understanding of the salient issues surrounding a domain, without 
gaining the theoretical and/or applied skills necessary to pursue practice or research 
in that area.

In contrast, training is more concerned with the preparation of individuals to 
actually pursue practice or research in an area. In the CTRI domain, given the diver-
sity of potential stakeholders, there is a corresponding need for both types of educa-
tion. For example, principal investigators of clinical or translational research 
programs may need to be acculturated to understand basic concepts and trends in 
CTRI so that they can efficiently interact with CTRI professionals, but do not neces-
sarily need to gain a deeper level of understanding of underlying theories and meth-
ods. In contrast, individuals in the practitioner or investigator roles, as described in 
the preceding lesson learned, will need a far greater level of understanding regard-
ing the field, necessitating in-depth training. To generalize, acculturation is a type of 
training need that can likely be achieved via seminars, workshops, and brief tutori-
als, while training likely requires formal degrees, coursework, or certificate pro-
grams, to name a few of many options.

 Need for Alignment with Cross-Cutting and/or Foundational 
Biomedical Informatics Theories and Methods

Finally, as the maturation of CTRI training and education has progressed, it has 
become increasingly apparent that such efforts need to more carefully and system-
atically align competencies and curricula with cross-cutting and/or foundational 
biomedical informatics theories and methods. It is only though such alignment and 
harmonization that the emergent CTRI community and its members can benefit 
from historical and empirically evidenced trends in the broader biomedical infor-
matics community (thus realizing the primary advantage of history, namely the abil-
ity to learn from it). For example, CTRI investigators and practitioners who seek to 
explore how EHR platforms can be leveraged to support/enable clinical trial 
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recruitment can and should learn from, and apply, the lessons learned as well as 
basic theories and methods associated with the clinical informatics community’s 
pursuit of advanced clinical decision support and guideline delivery systems. As 
such, curricula and education/training programs targeting such CTRI focused indi-
viduals need to “interweave” such cross-cutting or foundational knowledge into 
evolving and CTRI-specific competencies and coursework.

 Conclusion

The field of CTRI is advancing rapidly, and there is a great and growing need to 
educate and train a range of personnel in the theories, methods, resources and regu-
latory and ethical issues unique to the CTRI domain. As an emergent and rapidly 
evolving sub-discipline of biomedical informatics, CTRI can extend core theories, 
methods, and historical lessons from the parent field. Because the CTRI workforce 
is growing at an accelerated rate, both education and training programs need to 
continue to develop and be evaluated in a similarly rapid manner. The ongoing 
efforts such as those illustrated above are beginning to address these educational 
and training needs to address this important area.

Key Take-Away Points
• CTRI researchers and educators should capitalize on the theories, methods and 

activities in the broader biomedical informatics domain.
• Multiple training and education scenarios exist to satisfy the need of the CTRI 

workforce, including formal coursework and degrees, as well as more topical 
workshops, distance education, and certificate programs.

• The delivery of CTRI education and training can and should be tailored to meet 
the variable needs, stakeholders, and roles incumbent to the clinical and transla-
tional science community, which by necessity also requires the differentiation of 
training versus acculturation to the field.
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