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Chapter 21
Informatics Education in Healthcare: 
Lessons Learned

Eta S. Berner

Informatics education programs have been evolving over an approximately 40-year 
span of time. Existing programs have changed over the years as new and different 
driving forces have influenced them. While some of the programs began with a few 
visionaries with expertise and interest in computer applications in healthcare, the 
current drivers for informatics education and manpower development are clearly the 
increased sophistication of technology, including electronic health records, distance 
learning technologies, and telemedicine applications as well as policies mandating 
their integration into healthcare delivery.

The audience for informatics education has grown in a similar manner. From an 
initial focus on the development of informatics researchers who would apply their 
informatics and computer science knowledge and skills to the healthcare domain, 
we have seen programs being developed for healthcare administrators, practitioners 
and scientists who recognize that they need informatics expertise to function within 
their own domain.

Despite the differences among the programs in terms of focus, students, and 
purpose, there are also many commonalities, but these may be more difficult to 
recognize as one reads each individual chapter in this book. For that reason, this 
chapter synthesizes the lessons that have been described throughout the book using 
the following organizational framework:

•	 Evolution of Informatics Education Programs
•	 Relationship of Educational Programs to Workforce Needs and Opportunities
•	 Informatics Competencies and Sources of Curriculum Materials
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•	 Online Instructional Strategies
•	 Evaluation and Accreditation of Informatics Education Programs in Healthcare

These topics mirror the stages of individual program development including 
development and evolution of the overall program, identification of competencies 
and development of the curriculum, instructional strategies, and program evaluation 
methods. They also reflect the evolution of the professionalism of the field of 
informatics.

�Evolution of Informatics Education Programs

�Informatics Education Programs in Europe and the U.S.

John Mantas identified phases that were encountered in the evolution of many of the 
European informatics programs. As Mantas described it, these phases include the 
initiation phase, when individual programs, led by a visionary leader, began and, 
because there were no models or examples, development of curricula was more or 
less a trial and error endeavor. As some of these early programs developed, eventu-
ally there became more of a consensus on curricular guidelines and programs began 
to expand. As curricula became consolidated, in the last several years the need for 
evaluation of programs across sites and accreditation of individual programs was 
seen (John Mantas, PhD, personal communication, 2013).

In the U.S., since most of the early programs were funded with NIH funding 
from the National Library of Medicine (NLM), the curricular content of many of 
the U.S. programs was largely responsive to what the NIH saw as key manpower 
needs, generally for sustaining the healthcare research enterprise. At first the NLM 
training programs, since they were funded by the National Library of Medicine, 
were more heavily focused on librarian training, but as the field evolved to include 
more automated means of managing healthcare information in practice, they 
shifted more into the domain of clinical informatics research and development, 
where they remained until fairly recently when, with increasing growth of genom-
ics research, the NLM programs also began to incorporate bioinformatics content, 
public health informatics and the use of clinical applications in practice. With the 
need to manage and utilize the growing amount of electronic health information in 
both research and clinical practice, the most recent evolution has been for the NLM 
training programs to incorporate data science into the curriculum, as described in 
Chap. 2.

It was after the programs had been operational for quite a while that more for-
malized program evaluation criteria for the overall NLM program were developed, 
as well as better guidelines for individual programs that apply for NLM funding. 
These criteria include making sure that the content draws from the variety of disci-
plines and domains that are either the underpinnings of the field or are application 
areas of informatics in healthcare. The curriculum should include key informatics 
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concepts, methods and state-of-the art technology assessments and a variety of 
approaches should be employed to evaluate the program’s success in meeting its 
goals [1].

The US Office of the National Coordinator for Health Information Technology 
(ONC) workforce program described in Chap. 20 had some of the same visionary 
beginnings, but it was addressing a more applied need. With the rapid increase in the 
use of health information technology anticipated with the passing of the HITECH 
Act [2], it was envisioned that new workforce roles would be needed and, to prepare 
individuals for those roles, new training programs would be needed as well. The 
ONC workforce program was designed to meet the needs for new types of individu-
als who could support the growing health information technology developments.

In many ways, all of these programs were future-oriented. The NLM training 
programs began when nobody, with the exception of the early developers, was using 
clinical computing in healthcare. The ONC workforce programs began with envi-
sioning new roles for a healthcare system that would become increasingly elec-
tronic, but was not there yet. Over the same time period that the NLM training 
programs evolved to include broader domains than just clinical informatics, elec-
tronic health records and clinical decision support systems, which was a focus of the 
early programs, began to be applied in healthcare. Now that these electronic sys-
tems are commonplace, the future developments will involve using the data from 
these systems, and hence, NIH and NLM are now focusing on incorporating train-
ing in data science (Chaps. 2 and 10) as well as translating bioinformatics applica-
tions into clinical practice (Chap. 5).

Unlike the programs that envisioned new roles and new applications, the pro-
grams for managers of healthcare information systems (Chap. 4) informatics pro-
grams for healthcare administrators (Chap. 8), and certification programs for clinical 
informatics practitioners (Chap. 16) developed after individuals without formal 
informatics training had been in practice for a number of years. For instance, Chief 
Information Officers and healthcare administrators usually did not have formal 
training in informatics. More recently, with the increase in clinical computing, the 
role of Chief Medical Information Officer, or CMIO, has become prominent, but 
many of the individuals filling these roles did not have formal informatics training.

The perceived need for more formal training on the part of the individuals already 
in these roles, as well as informatics educators recognizing the need for more formal 
educational programs, has spurred the development of many of the newer, more 
applied programs. These programs include entire degree programs like the health 
informatics masters programs (Chap. 4), nursing informatics masters programs 
(Chaps. 3 and 12), health information systems courses within health administration 
programs (Chap. 8), and informatics continuing education programs, such as the 
AMIA 10 × 10 program described in Chap. 18 and mentioned in many of the other 
chapters. Not only have graduate education programs broadened, but at the other 
end of the spectrum there are undergraduate programs developing (Chap. 6).

In addition to the new educational programs, there has been a parallel recognition 
of the need to certify the competencies of individuals in these applied roles, and, as 
the educational programs have gotten established, more of them are becoming 
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accredited as described in Chap. 17. The clinical informatics subspecialty certifica-
tion and training programs described in Chap. 16 and similar programs for nursing 
informatics described in Chap. 3 are examples of these programs. Finally, to accom-
modate the growing number of health informatics practitioners, a new certification 
program in advanced health informatics was started in 2019 (Chaps. 3 and 16).

What is common to all of the formal programs that evolved after individuals 
without formal training had been in practice is that they all emphasize the need to 
look to competencies exemplified by the best of the those practitioners, as well as 
the more theoretical informatics concepts, to develop training curricula and certifi-
cation content. These types of programs will also continue to evolve, as they should, 
as the workforce needs change. At this stage of the field of informatics, where the 
applications and principles are now beginning to be used in clinical practice, new 
program developers should be keenly aware of the market needs and should develop 
programs focusing on the competencies needed to thrive in that market.

�Informatics Education Programs in Low Resource Areas

As described in several of the chapters in Part IV, the development of informatics 
programs in many of the developing countries evolved differently from either the 
early U.S. or European countries or the more applied programs where there were 
already practitioners in the field. First of all, in many of these low resource settings, 
telemedicine programs were initiated to address the regional healthcare needs for 
better access, better care, and the limitations of long distances and limited transpor-
tation that were prevalent in these countries. This telemedicine infrastructure 
required a workforce who could manage it, but in addition, the infrastructure could 
also be used not only for health education, but for health informatics education 
as well.

Thus, in part because these programs were started later than those in the more 
developed countries, many of the informatics programs in these countries began as 
online programs, unlike in the U.S., where online education occurred at a later stage 
of program evolution. Second, again because the European and U.S. programs were 
already established and many were already providing online education, many of the 
programs in the developing countries began in partnership with the more estab-
lished programs. In some cases, such as with the AMIA 10 × 10 programs (Chap. 
18), students from developing countries took the same program as those in the U.S., 
either in English or translated into the native language. In other cases, there was a 
partnership to develop a program that made use of materials originally developed in 
the U.S. or Europe, but which was tailored for the unique needs of the country. More 
recently, as discussed in Chaps. 13–15, many of these programs evolved to more 
independent programs and there is increased sharing of expertise and curricula 
within regions, rather than only between the more developed and developing 
countries.
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While there are certainly benefits in developing new programs by partnering with 
more mature programs there are also challenges. Both those who are disseminating 
the materials and those who are receiving them, identify the need to address not just 
language differences, but broader cultural, organizational, and infrastructure differ-
ences as well. Examples of the programs that have been developed as well as the 
challenges and how to address them are discussed in the chapters in Part IV. There 
may now be enough programs within the developing countries to be a resource for 
new programs. Individuals interested in starting programs in low-resource areas 
should consider a broad range of partners, including those from the established 
programs in the U.S. and Europe, as well as those from within their region. However, 
even within a given region, there are differences between countries on how recep-
tive the healthcare systems are to establishing roles for those with informatics 
training.

�Relationship of Educational Programs to Workforce Needs 
and Opportunities

There is a complex relationship between informatics educators, potential students 
and the leaders of the healthcare delivery systems. As discussed above, the NLM 
and the ONC anticipated future workforce needs for informatics-knowledgeable 
individuals and funded the development of education programs to prepare those 
individuals. The NLM training program began long before EHRs were common-
place and the ONC programs began with the HITECH Act, again prior to the 
increase in the use of EHRs. As the field matured, with the development of the 
Informatics subspecialty certification exam, clinical informatics fellowship pro-
grams were started (Chap. 16). Yet in the six years since the first subspecialty exam-
ination was administered in 2013, there are less than 50 clinical informatics 
fellowship programs and most have only one or two fellows. Part of the reason for 
this small number is that, like other fellowship programs, funding comes from the 
healthcare delivery system in which they work and receive training and health sys-
tem leaders may not realize the value these fellows can bring [3]. If the health sys-
tems do not recognize the value of informatics fellowship training, residents who 
are trying to decide on a sub-specialty may not consider clinical informatics either. 
As Lehmann and colleagues discuss in Chap. 16, even the small number of current 
programs cannot fill all of their applicant slots. There is a circularity to this problem 
in that if there are very few programs, they may not be as visible as other subspe-
cialty training programs, and hence find it more difficult to get fully established. 
The increased visibility of informatics and the increasing recognition of the need for 
clinical informatics expertise may change this situation in the future.

This mismatch between the visionaries who see the need for individuals with 
informatics training and the lack of explicit positions in the workforce that require 
individuals with informatics knowledge is not unique to the clinical informatics 
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fellowship programs in the U.S. One of the things that is striking about the programs 
developed in other parts of the world discussed in Part IV, is the variation among 
countries, even within the same general region of the world, in terms of whether 
there are jobs for the graduates. In countries where there are not positions that 
explicitly require informatics training, it is much more difficult to establish pro-
grams and to attract students.

Zozus and colleagues provide advice on starting a bioinformatics program, but 
the advice is appropriate for starting any type of program, including informatics 
(Chap. 5). The advice emphasizes the need to do an assessment of the market needs, 
of potential employers, potential students, and competing programs. When the field 
of informatics was in its infancy and the main programs were the few NLM training 
programs which received federal funding, the issues of market assessment was 
much less urgent. As the field is maturing, but where the healthcare market may not 
yet have caught up, such assessment is essential if the educational programs are 
going to thrive.

�Competencies and Curricula for Informatics Education 
in Healthcare

Almost half of the chapters in this book address the content of the ideal curriculum 
for informatics education. Although there is overlap in the proposed competencies 
and accompanying course materials, none of the chapters proposes an identical cur-
riculum, or even identical broad competencies. In most cases this is because the 
roles for which the individuals are being prepared are different. For instance, in the 
curricular content described in Chaps. 4 and 8, for healthcare IT managers and 
healthcare administrators, there are several courses (in the masters’ program) or 
topics (in the health administration curriculum) related to management, finance, 
strategic planning and organizational behavior. Both curricula emphasize topics that 
are a key focus for leaders and managers in an operational environment.

These topics, perhaps with the exception of addressing the HIPAA regulations 
[4], are absent from both the NLM training programs and the AMIA 10 × 10 pro-
grams that were derived from them, such as the OHSU program described in Chap. 
18. That is because the NLM training programs were clearly designed to produce 
informatics researchers and developers, not managers.

Conversely, while the more applied programs have more management content, 
some of the foundational informatics topics are usually not included in the applied 
curricula. Such topics as information retrieval, imaging informatics, in-depth com-
puter science, ontologies, and in-depth coverage of standards that are included in 
the research and development-focused programs are usually not addressed in detail 
in the more applied programs. The programs for clinical users of systems such as 
those for nurses described in Chap. 3 and physicians described in Chap. 7 have still 
another set of competencies.
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The content of the clinical informatics subspecialty examination described in 
Chap. 16 has similarities to those for all three types of users and is essentially a 
combination of competencies in basic informatics, IT management, and clinical 
information management. These general types of competencies are supported by an 
analysis of practice, as well as the opinions of informatics leaders. The practice 
analysis for the clinical informatics subspecialty delineated five domains of practice 
[5]. Because the clinical informatics subspecialty examination currently comprises 
these domains, as is noted in Chap. 16, many of the informatics textbooks, which 
are mainly geared for one or another of the different audiences, may not adequately 
cover the full range of competencies.

This challenge of integrating different disciplines has been both an ongoing chal-
lenge and an accomplishment for the field of informatics. Despite the difference in 
the curricula for different roles there are, as noted in Chap. 17, key foundational 
domains for the competencies that are needed, not just for one specific role, but for 
all informaticians. The foundational domains described in Chap. 17 relate to health 
sciences, computer and information sciences and social sciences and the intersec-
tions among these domains. As described in Chap. 9 and also addressed in Chap. 7, 
program developers need to identify the intended role of the users, whether their 
needs are for more foundational or applied learning, the breadth and depth of cur-
ricular content needed and the appropriate level of detail. Depending on the intent 
of the curriculum, for example, competencies in computer and information sciences 
can mean anything from a very basic comfort with, and understanding of, comput-
ers and information technology, to being proficient in developing decision support 
and other clinical, bioinformatics or clinical and translational research informatics 
applications. Healthcare administration students may be at one end of the contin-
uum and students in NLM training programs at the other end.

Using the foundational domains and key competencies as a basic framework, 
developers of new programs need to carefully consider what role their students will 
assume upon graduation and develop the curricula accordingly. While identifying 
these roles may be only a small challenge for faculty, it is often difficult for students 
to navigate selecting among the different programs, since students are not always 
aware of the possible roles and in many cases, students from some of the basic 
research and development programs wind up in applied roles anyway. To avoid a 
mismatch of student and faculty expectations, program developers should identify 
their focus as clearly as possible and recruit students whose interests and skills 
match the curricular focus.

In some cases, curricular decisions might be made by a consensus process simi-
lar to the one that was used to develop the original criteria for the clinical informat-
ics certification exam and training program requirements as described in Chap. 16. 
Even better might be to include a data driven analysis of the competencies of those 
who are currently fulfilling the roles for whom the program is geared, as was now 
done for the current certification exam. This is also what was done to develop the 
initial curriculum described in Chap. 4 [5]. Such analysis of current workforce roles 
and functions is recognized as a best practice for developing competencies and 
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competency examinations, although it should also be supplemented by input from 
experts [6]. The difficulty occurs, however, when existing roles are in transition. For 
instance, the competency examination program that was part of the ONC workforce 
program described in Chap. 20, found it challenging to identify competencies by 
asking individuals currently in somewhat relevant positions about their job respon-
sibilities because the ONC roles were ones that were anticipated to be needed in the 
future and may not have been part of current job descriptions.

In addition to the competency domains from the practice analysis for clinical 
informatics (Chap. 16), Chap. 7 includes references to detailed competencies for 
several informatics roles—those for basic researchers, applied managers, as well as 
clinician users. Chap. 9 provides examples of competencies in the domain of clini-
cal research informatics, while Chap. 3 describes new competencies for roles in 
nursing informatics. Chap. 17 describes domains of competencies used as part of 
health informatics program accreditation standards. While early informatics educa-
tion programs often had an implicit understanding of the competencies they were 
aiming for, as program accreditation efforts become more established, more explicit 
competency definitions are now required.

Once the roles and competencies are determined, curricular content, learning 
activities and assessments to address the competencies need to be identified. Often 
new programs do not have the full complement of faculty who can teach the com-
plete range of topics that will be needed. This may be especially acute in programs 
where a single course is needed in a curriculum which does not otherwise address 
informatics. An approach discussed in Chaps. 3 and 7 is to have clinical faculty, for 
instance, take informatics continuing education programs, such as the AMIA 
10 × 10 programs (Chap. 18) or a certificate program in informatics. One approach 
that can work for individual courses or sometimes entire programs, as discussed in 
Chaps. 11 and 13, is for newly starting programs to partner with existing programs 
and utilize courses, materials or faculty from these programs. Still another approach 
is to enlist faculty from other relevant departments for some of the courses. For 
instance, basic computer science might be able to be taught by computer science 
faculty rather than only relying on the faculty in the informatics program.

More recently there have been three major efforts to make curricular materials 
broadly available. As described in Chap. 20, the materials originally developed for 
the ONC Workforce Program are freely available for educators and have been used 
by educators worldwide. Chap. 20 also describes the open-source materials avail-
able in the NIH BD2K program. Similarly, the HIMSTA modules described in 
Chap. 8 are available for educators in healthcare management educational pro-
grams who need to address the required information management competencies. 
These resources, developed by expert informatics educators, are a tremendous 
boon even to experienced informatics instructors, but are especially useful for new 
programs that might not be fully staffed. The other advantage of these materials, in 
addition to being free to educators, is that they can be used “as is” with narrated 
lectures available for online education. They also can be modified to fit the needs of 
particular courses. The disadvantage is that the generic materials may not always 
meet the needs of the particular program, so educators should be prepared to adapt 
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them. Hersh, in Chap. 20, discusses other challenges in using open-source educa-
tional materials. One of the main challenges is knowledge maintenance, as all of 
these materials were developed with grant funding with no mandate to keep them 
up-to-date.

�Online Instructional Strategies

The informatics programs described in this book have deployed a variety of instruc-
tional strategies. Most of the NLM training programs described in Chap. 2 are 
focused on doctoral or post-doctoral students (physicians coming for additional 
training in informatics). Because of the needs for supervised research of small 
cohorts of students, often in operational healthcare settings, most of these programs 
have remained as traditional face-to-face educational programs. On the other hand, 
as mentioned earlier, in part because of the infrastructure issues, many of the pro-
grams in low-resource settings began, and have remained, as primarily online pro-
grams (Chaps. 11–15) as have the 10 × 10 programs (Chap. 18). The ONC workforce 
programs at the community colleges described in Chap. 20 were a mixture of online, 
face-to-face, and hybrid programs, with significant online components. Finally, 
other programs began as face-to-face programs, but eventually transitioned to online 
programs, as did the program described in Chap. 4.

There are many motivations for decisions to use, or intentionally not use, online 
instructional strategies. In the countries described in Chaps. 13–15, the motivation 
was dictated by the unique circumstances of the region—few programs, many 
potential students spread over wide distances, and a telemedicine infrastructure 
already established. For other programs such as the one described in Chap. 4, 
expanding the applicant pool was a major motivator for the transition to online 
instruction. These reasons are similar to the rationales for MOOCs (Massive Open 
Online Courses)—the online format permits broad access relatively inexpen-
sively—and may be particularly appropriate for relatively short term programs like 
the AMIA 10 × 10 courses, where it would not be feasible for the students who take 
those courses to be on-site.

In considering online instruction, it is important also to consider the pedagogical, 
as well as the access, rationale. In looking at the informatics competencies one 
should ask, “In which mode can students best acquire the necessary knowledge and 
skills?” For instance, some of the competencies that clinical informaticians must 
have cannot be taught online. On the other hand, educators unfamiliar with online 
instruction may incorrectly assume that online instruction is valuable only for 
didactic instruction. They may not realize that demonstrations can be effectively 
conducted online, as can discussions among students. And with modern videocon-
ferencing technologies, synchronous class sessions among dispersed students may 
not be very different from face-to-face lectures. In fact, studies have shown that 
interaction among students may be even better in situations where they can com-
municate online than it is in face-to-face classrooms [7].
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Sometimes avoidance of online teaching on the grounds that face-to-face instruc-
tion is “better” may just mean that the instructor is more comfortable in a face-to-
face situation. Instructor comfort with an online, often asynchronous, mode of 
teaching is important to consider. As Chap. 19 illustrates, strategies that work in a 
face-to-face setting may have to be rethought when teaching online. If the instructor 
is uncomfortable with the medium, the students are likely to be dissatisfied as well.

Hybrid or blended learning environments may offer a way around the limitations 
of online instruction. In deciding to move the UAB masters’ program online (Chap. 
4), several face-to-face sessions were deliberately retained. These sessions permit 
site visits to healthcare settings, and offer the students and instructors an opportu-
nity for more informal interaction. This type of interaction is missing in online 
instruction, as Chap. 19 discussed. The AMIA 10 × 10 program discussed in Chap. 
18 has most sessions online in an asynchronous mode, but it also includes an in-
person session at the AMIA Fall Symposium.

It is likely that the number of informatics programs that are delivered online will 
continue to grow. The suggestions in Chap. 19 include strategies to help instructors 
become comfortable in this mode of teaching and methods to reduce what has been 
called “transactional distance [8],” so that both students and faculty can make opti-
mal use of the online resources.

�Program Evaluation and Accreditation

As informatics education programs in the various disciplines mature there has been 
more consensus on the curricula that are needed and a clearer idea of the standards 
to be used for both internal evaluation and external accreditation. Several disci-
plines already have accrediting bodies in place that specify the evaluation criteria 
for informatics education. The informatics education programs may be subspecialty 
programs or may be incorporated as part of the overall requirements for education 
in the discipline. For instance, as described in Chap. 3, the American Nurses 
Association has defined the scope and practice for nursing informatics [9] and 
nurses are certified by the American Nurses Credentialing Center [10]. Similarly, 
the Commission on Accreditation of Healthcare Management Education [11] has 
had a long history of accrediting healthcare management programs, although the 
criteria related specifically to informatics and information systems have changed 
over the years (Chap. 8). With the development of the subspecialty in clinical infor-
matics, as mentioned in Chap. 16, the accreditation of fellowship programs in clini-
cal informatics is conducted by the accrediting body for other medical subspecialties, 
the Accreditation Council for Graduate Medical Education (ACGME) [12].

Although the funders of the informatics training programs, such as the NLM, 
are not accrediting bodies per se, they do serve as an external evaluation body. 
When an existing program applies for renewal funding, the grant reviewers evalu-
ate the structure of the program, its previous accomplishments, and its future plans. 
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The NLM has developed criteria for evaluating their overall informatics training 
program funding initiative, as well as individual program proposals and program 
accomplishments.

Currently, few of the informatics training and education programs have under-
gone formal accreditation, although the number is growing. As of May 2020, in the 
U.S. the Commission on Accreditation for Health Informatics and Information 
Management Education (CAHIIM) [13] had accredited 19 masters’ level health 
informatics programs.

At this stage of the development of the field of informatics education, when 
many programs are not accredited, there are advantages and disadvantages for a 
program to seek accreditation. One advantage is that accreditation means an outside 
organization has given a stamp of approval to the quality of the program, which can 
provide reassurance that the program is following best practices. It can also provide 
a competitive advantage in attracting students and may also be required for certifica-
tion as well as employment. A potential disadvantage is that any accreditation pro-
cess introduces more uniformity into curricula across institutions, which may 
constrain some sites that have been following a very unique curriculum. In addition, 
it subjects sites to the priorities of the accrediting agency which may not be entirely 
congruent with an institution’s internal priorities. Most of the NLM training pro-
grams have already faced that issue when the priorities of the funding agency 
evolved.

Since the clinical informatics subspecialty training process has gotten underway, 
we have seen more accredited training programs, even those that are not focused on 
producing clinical informatics physician subspecialists. Being accredited is likely to 
become the standard by which all programs are judged and those that are not accred-
ited, regardless of how creative and individualized they are, will be at a disadvan-
tage in terms of attracting students and being recognized as high quality by their 
peers. Informatics education program leaders need to stay abreast of developments 
in the field in regard to accreditation initiatives such as those described in Part V of 
this book. Educators also need to be aware of how their programs will be judged, 
and should design, implement and evaluate their programs accordingly.

�Conclusion

Many forces are driving the field of informatics education, which is likely to con-
tinue evolving over time. The chapters in this book have illustrated the variety of 
informatics educational programs, strategies, audiences and challenges. This chap-
ter synthesized the lessons learned across the other chapters related to informatics 
program development strategies, matching workforce needs, development of com-
petencies and curricula, instruction, and evaluation. As the field of informatics 
reaches new levels of maturity and greater integration into the healthcare environ-
ment, these lessons will be valuable to new and existing informatics educators.

21  Informatics Education in Healthcare: Lessons Learned
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