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Preface 

The book in front of you arose from a collaboration among nursing informatics experts 

from research, education and practice settings, from eighteen countries, and from vary-

ing levels of expertise – those beginning to forge new frontiers in connected health and 

those who helped form the discipline. Having participated in several NI post confer-

ences before, each time it is a great pleasure to work in this condensed format of pre-

paring viewpoints, discussing them in person, organizing them into chapters, and then 

producing the wealth of information into a fine book. 

We would like to thank all the participants who attended the NI 2016 Post Confer-

ence, as well as all the authors and co-authors who participated but did not attend, for 

their significant contributions to this NI 2016 Post Conference Proceedings. We appre-

ciate each and every one of you for your time and talent in adding to the wealth of in-

formation in this book. 

In addition, Patrick Weber must be acknowledged and thanked as organizer of NI 

2016, the NI 2016 Post conference, and for his assistance in editing all of the chapters 

to make them consistent and meet the publisher’s requirements. 

We are hopeful that this book will help forecast and define the informatics compe-

tencies for nurses in practice, and as such, help outline the requirements for informatics 

training in nursing programs around the world. We are further hopeful that this content 

will help shape the nursing practice that will exist in the future of connected health, 

when we believe that practice and technology will be inextricably intertwined. As you 

read about the concept of Connected Health in this book, consider the wise words from 

Virginia Henderson to “preserve the essence of nursing in a technological age.” 

Please be inspired by this book and let it help you achieve the best care possible 

using health informatics solutions. 

Judy Murphy, William Goossen, Patrick Weber 
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Introduction: 
Forecasting Informatics Competencies for 

Nurses in the Future of Connected Health 
Judy MURPHYa, 1 and William GOOSSENb 

aIBM, Washington DC, USA 
bResults 4 Care BV, Amersfoort, the Netherlands 

Abstract. This introduction to the book discusses how the topic of competencies 
for nurses in a world of connected health needs to be addressed at the curriculum 
level to achieve the specific competencies for various roles, including practicing 
nurse, nurse teacher, nurse leader, and nursing informatics specialists. It looks 
back at milestone publications from the international Nursing Informatics post 
conferences that still serve a purpose for inspiring developments today and looks 
forward to the way nurses can use connected health to improve the health and 
health care for their patients. Specific emerging topics in health information 
technology are addressed as well, such as semantics, genetics, big data, eHealth 
and social media.  

Keywords. Informatics, Competencies, Technology, Education, eHealth, 
Connected Health, Nursing 

1. Background 

When asked to be Co-Chairs of the NI 2016 Post Conference and Editors of the Post 
Conference Proceedings, we of course where honored and enthusiastic at the same time. 
Besides creating a milestone publication through the work of the eminent participants, 
it would also pull together various efforts and content on this very important topic into 
one publication. It is the desire that this work will not only inspire current and future 
nurse informaticists and educators with concepts that build on the work of our 
important leaders from the past, but also that it will inspire changes to the current 
education of nurses, and most importantly, set a vision for where we need to go with 
nursing education in the next ten plus years. 

The ultimate Post Conference goal was to publish a set of informatics competency 
recommendations for nurses educated in the next decade that cover the informatics 
skills required for improved, innovative and even transformative health and healthcare 
delivery. This includes both information management and the use of information and 
communication technology (ICT) such as Electronic Health Record (EHR) systems, 
medical devices, telemedicine, patient portals, eHealth and mobile applications, and the 
many more that will emerge. As the work was being completed, the need to focus on 
positioning these competencies to support care models of the future became more 

                                                           
1 Corresponding author, Judy Murphy, RN, FACMI, FHIMSS, FAAN, Chief Nursing Officer, IBM, 

Washington DC.  Email: murphyja@us.ibm.com. 
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evident, particularly those that promote patient-centered care and concentrate on 
connecting health and healthcare across the continuum. The result was the creation of a 
working organizational model that included three concentric circles, shown in Figure 1, 
with Patient/Family in the Center, surrounded by Connected Health, and further 
encompassed by the Informatics Competencies for Nurses to Support Connected 
Health. The Post Conference participants agreed that informatics competencies for 
nurses are a critical component for enabling the connectedness needed for the health 
and healthcare of the future. This concept of Connected Health is referenced in several 
chapters in this book and is described in depth in Chapter 18. 
 

 
Figure 1. Informatics Competencies for Nurses to Support Connected Health 

 
Nursing informatics has a long history of focus on information management on 

behalf of the profession, for example Werley and Lang's identification of the nursing 
minimum data set [1] and Clark and Lang's work for the international classification of 
nursing practice [2]. Also, nurses have a long history of describing their computer use; 
see for example work by Saba and McCormick [3], Ball and Hannah [4], and Scholes, 
Tallberg and Pluyter-Wentink [5] among others from the late seventies and early 
eighties. However, based on the technical advancements of the past and through the 
ongoing and consistent changes in healthcare today, we are now challenged to look to 
the future and help determine what nurses and patients/consumers will need going 
forward. 

2. IMIA-NI Post Conference History 

The International Medical Informatics Association - Nursing Informatics (IMIA-NI) 
Conferences, as a scientific endeavor, have a tradition of inviting leaders in the field to 
a working post conference. The focus of IMIA-NI is to foster collaboration among 
nurses and others who are interested in Nursing Informatics to facilitate development in 
the field [6]. IMIA-NI serves as the working group for nursing informatics from the 
International Medical Informatics Association (IMIA). IMIA is an independent 
organization established 1974 and under Swiss law in 1992 [7]. IMIA is the world body 
for health and biomedical informatics, and works as an 'association of associations', 
where national health informatics, or research institutes are the members. IMIA has 
strong links to the International Federation for Information Processing (IFIP - 
www.ifip.org) from which it evolved from a special interest group into an independent 
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organization and is now an affiliate organization. IMIA also has relationships with the 
World Health Organization (WHO - www.who.int), the International Federation of 
Health Information Management (IFHIMA), and is a Liaison-A category organization 
in cooperation with ISO technical committee TC 215 health informatics. 

The IMIA-NI post conferences have each dealt with a specific topic that had 
gained interest in the NI community, and that required leadership to achieve the next 
level of application in the field. Examples of post conference publications include the 
Peterson and Gerdin-Jelger’s “Preparing nurses for using information systems 

recommended informatics competencies” from 1988 [8], Henry, Holzemer, Tallberg & 
Grobe from 1994 “Use of health information systems to collect and measure patient 
outcomes” [9], and the Ehnfors, Grobe and Tallberg book on “combining clinical 

practice guidelines and patient preferences using health informatics” from 1997 [10]. 
Later, IMIA-NI Post Conferences also published their invited papers for scientific 
journal theme issues. This was successful for the NI 2003 post conference on patient 
safety issues and how health informatics can assist in preventing them. Some of these 
papers, published in the International Journal of Medical Informatics, are still quoted 
today, because they built upon the best science in health care and adapted it to the 
nursing profession and applications by nurse informaticists. However, that approach 
was less successful for other journals, as the rigorous peer review criteria sometimes 
conflicted with expressing a vision for the NI profession that was not yet evidence 
based. Hence, despite that some of the excellent contributions were indeed published, 
some others did not pass and are not published. But whatever their format, the post 
conference writings can be a good inspiration, and usually last for many years as the 
concepts expressed and methods applied are timeless and can be used and referenced 
today, and into the future! 

3. 2016 IMIA-NI Post Conference 

The topic of Forecasting Informatics Competencies for Nurses in the Future of 
Connected Health was decided by the IMIA-NI Special Interest Group. As described, 
this post conference activity is a tradition for the IMIA-NI conferences and is part of 
the bids that members vote on in the years prior to the event. For the NI 2016 post 
conference the tradition of asking the invited participants to prepare materials was 
followed again. In fact, participants were asked to write a full chapter before the post 
conference took place, using the same template that was used for the submissions to the 
NI 2016 regular conference in Geneva [11]. This approach was based on three goals: 1) 
to have all the chapters distributed to participants before the post conference so that 
each had time to review and prepare, 2) to have informed discussion of the topics 
during the post conference, and 3) to finalize the publication within 60-90 days after 
the post conference. A reverse order planning schedule was used to stay focused on this 
outcome. 

The goal of the NI 2016 post conference book on informatics competencies for a 
connected world is to assist nursing instructors/professors with knowledge and 
examples so that they can expand their capability to integrate eHealth/nursing 
informatics/health informatics topics into the curricula of basic nursing education. 
After almost 25 years it is still problematic how few schools of nursing offer education 
on how the values of patient focused care can be mixed with careful application of 
health informatics tools and good professional information management. 
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It may be helpful for all nursing teachers to consider the very wise words on 
nursing from Virginia Henderson [12]: … the task of leaders and teachers is … 

“preserving the essence of nursing in a technological age.” Henderson argues in this 

paper that technology is inevitable, it requires deep understanding of the technology 
itself and it requires leadership and faith to adequately use it in a caring environment. 
She does not define which technology is precisely meant, and that of course is good, as 
history has shown many expansions of new technologies, systems, applications, 
methods for data management; the addition of contextual big data to free text and 
structured data; as well as the growth of cognitive computing and augmented 
intelligence. In fact, perhaps current technology is only the beginning of our move to 
connected health in a connected world. 

The following topic areas are based on the contributions of the post conference 
participants, invited experts and leaders, both those new to this work and those with 
extensive history in the field. All participants worked diligently over the three days of 
the post conference and delivered input, feedback and content that fit well into the 
subsequent chapters and overall theme. Every participant authored or co-authored at 
least one chapter of the NI 2016 post conference book. There were also some chapter 
co-authors that did not attend the post conference, but were brought in to augment 
expertise when needed. 

4. Organization of the Book 

This book handles five core topics in different sections. Section A follows up on both 
the 1987 work by Ronald and Skiba on Nursing Informatics competencies [13], as well 
as their chapter in the IMIA-NI guidelines [14] from 1988 to develop nursing 
informatics education. Hence, the current book starts with Professional Nursing Roles 
and Nursing Informatics Competencies in this section. It covers the nursing informatics 
competency work done in the past and moves into the current state, including 
recommendations for what we need today. The current IMIA guidelines for curricula 
form the overall landscape for the health informatics profession at large, which 
function as a point of reference for nursing. Section A ends with looking ahead to plan 
how nurses and teachers should use informatics competencies to contribute to health 
and healthcare in a connected world. Recommendations to ensure faculty is competent 
to integrate the informatics and information management content in curricula for basic 
nursing education is included, along with specific competencies required for the nurse 
educators to deliver the new curricula (for basic nursing education) in this connected 
world. Based on this section, all chapters include recommendations for specific 
competencies for nurses to master the technology to help patients benefit from its use. 
But the competencies are not the end part. This work focuses on a growth path that 
shows the goal for nurses caring for patients in a connected world to achieve desired 
health outcomes and how these goals can be achieved. 

Section B presents an overview of competency-based learning including various 
national and international initiatives. The authors come from the membership of the 
IMIA-NI Education Working Group, or have recently started their career in this field. 
They describe a global view along with each of their own country’s status on the 

development and use of informatics and information management competencies in the 
education of student nurses. This section concludes with international survey results 
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describing competency recommendations for advancing nursing informatics in the next 
decade. 

Section C moves on from descriptions of various national and international work 
on nursing competencies to explore current and future trends in health and nursing 
informatics. Some of these trends are, in fact quite arbitrarily, based on the experience 
of the participants. One example of new competencies includes semantic content of 
health informatics technology, which traditionally focused on nursing terminologies, 
but moves more to data modeling and health informatics architectures. It discusses how 
facts about patients and nursing care; in particular, inferences for nursing care, patient 
outcomes and care delivered, can be recorded and reused. Genetics becomes content of 
Health IT, hence there is a need to define the integration of the genetic, genomics and 
other ‘omics’ competencies into the healthcare informatics domain, especially the 

Electronic Health Record (EHR). Currently, there are also international and 
interprofessional activities and organizations that have established or are identifying 
competencies in genetics and genomics. Another topic that was explored included 
competencies related to data mining, natural language processing and other advanced 
data analytics techniques. An overview of the rapid and diverse number of 
developments in Health IT in recent years are described in this section and the move 
towards more integrated and connected health is described, anticipating on further 
growth in this area. The evolution of HIT is described as it has increased in complexity, 
diversity, connectivity, and more recently, the move towards multiple modalities. The 
section ends with the use of social media in today’s life, which also offers new working 
ways in nursing care. All people, also patients, are increasingly expanding interactions 
from face-to-face meetings to online ways of communication, networking, searching, 
creating and sharing information. Nursing Informatics competencies do include taking 
care of patients/citizens via tweeting care, Facebook care, blogging care, vlogging care, 
infotainment care, gamification-care, infographic care, for instance. When social media 
is used effectively and purposefully in health care, it can give all of us a greater choice 
in how we live, how we take care of our health and how we learn and build our 
professional competences. Nurses need continuous education and proper tools to take 
the most of the benefits of social media. 

Section D presents the expectations for leadership in the field. It discusses topics 
related to competencies of nurse leaders related to leadership, transforming models of 
care, and workforce preparation. In addition, this section discusses the evolving NI 
specialist role and how the NI specialist contributes to nursing education, practice and 
research. Increasingly, there is a demand for integrating Health Information 
Technology Safety into Nursing Informatics Competencies at various levels to include 
those focused on technology-induced errors and Health IT safety. The section wraps up 
with content related to continuing education and certification in nursing informatics. 

Because one book cannot address all relevant materials, particularly when 
something of high value has just been published, the post conference attendees decided 
to include an annotated bibliography. The annotated bibliography includes historical 
key sources, up to date sources on the subject, and some information on content that, 
with hindsight, the post-conference team felt relevant to the connected world content of 
this book. 

J. Murphy and W. Goossen / Introduction 5



5. Conclusion 

Though we would have loved to provide readers with a single set of recommended 
competencies that would cover all programs, we discovered early on that no one set 
would be able to meet all needs. As such, we present here ideas and examples of the 
types of competencies that may be included, in order to plant ideas and generate 
discussion regarding competency inclusion in different programs. We sincerely hope 
you enjoy this book and find it useful as you consider incorporating informatics 
competencies into your programs for entry-to-practice nurses, for currently practicing 
nurses, as well as for nurse leaders. It is our belief that the transformation of health and 
healthcare lies in the innovative and judicious use of health IT by nurses as we care for 
our patients and families. 
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Nursing Informatics Education: From 

Automation to Connected Care 
Diane J SKIBA1  

University of Colorado College of Nursing 

Abstract. The use of health information technologies has evolved over the last 50 
years. These technologies have moved from the automation of data and data 
processing to connected care tools that are part of a health care ecosystem that 
provides the best care at the point of care. To correspondence with the evolution of 
technologies and their disruptions within the health care delivery system, there is a 
need to re-examine the necessary competencies of health care professionals. 

Keywords. Connected Care, Competencies, health information technologies 

1. Introduction 

The education of health care professionals has a long rich history that has evolved since 
the 1970s. To describe the history, it is important to understand the driving forces 
pushing the development and implementation of computerized systems across the 
decades. The evolution also highlights some of the major developments such as the 
shift from mainframe computer hardware to mobile devices and the increasing reliance 
on the Internet and web based applications. 

2. Early Years 1960s & 1970s: Data Processing & Automation Era 

In the early days, the mainframe computer was the computer of choice with the mini-
computer being introduced in the 1970s. The focus was on automation of common 
tasks related to administrative and financial systems [1]. There were relatively few 
examples of computer applications for clinical care. In nursing, one of the first was 
Chow’s article [2] on physiologic monitoring in 1961. She described how physiological 
monitoring can be used in nursing and that “some devices are being designed to be 

labor saving for nurses or to add to the preciseness of nursing procedures.” [2 (62)] She 
also suggested that “Perhaps, being electronically monitored, the patient will need a 

different type of nursing care.” [2 (60)] In the same issue, an editorial introduced the 
“electronic nurse” [3] and noted “there are powerful pressures on hospitals to look to 

automation to achieve greater efficiency.” [3 (55)] This editorial recommended sorting 
out the roles of nursing within this new era of electronic monitoring. The majority of 
the articles written in the 1960s focused on physiological monitoring and the 
automation of hospitals. Rosenberg and Carriker [4] wrote one of the first articles about 
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the automation of nursing notes. Throughout the 1970s, there was an emergence of 
articles that examined hospital information systems, nurse scheduling, computer 
applications in public health and psychiatric nursing. Thus, the initial emphasis on data 
processing and automation and growing number of applications in the clinical arena 
served as a catalyst to develop educational opportunities for health care professionals. 

Anderson, Gremy & Pages [5] first wrote about informatics education for health 
care professionals in 1974. Their monograph was published under the auspices of the 
Technical Committee 4 of the International Federation for Information Processing 
(IFIP - www.ifip.org). This group was the predecessor of the International Medical 
Informatics Association (IMIA), an independent organization established under Swiss 
law in 1989. Anderson, Gremy & Page referred to the state of computers in health care 
as a large number of “diverse experiments in system development and computing 

techniques.” [5 (1)] These experiments did not always produce the expected results and 
lack of knowledge about medical computing was one of the main reasons for this 
failure. Thus, it was important to develop a set of recommendations for educational 
programs. 

In order to address the education of health care professionals about informatics, the 
group conducted a survey to assess the need for computing in health services across the 
globe. The survey addressed three difference audiences: physicians, paramedical 
personnel (nurses, laboratory and other technicians) and hospital or medical community 
administrative personnel. Although they use the term informatics, data and information 
processing was the predominate theme. The questions examined necessary computer 
skills (i.e. operate a teletypewriter, visual display unit and writing small computer 
programs), knowledge of logic and hardware aspects of computer design and 
techniques, and methods of using a computer for functions such as medical record, lab 
data, medical diagnosis, library information retrieval, intensive care monitoring, 
mathematical models of biomedicine and system analysis. They also asked about 
standardization of medical terminology, medical & nursing procedures.  

Based upon their results, the group recommended three levels of education to meet 
the needs for medical computing. Here is a brief description of the three levels of 
education. The first level focused on “a general level of computer education which is 

necessary to provide general knowledge of computers and data processing for all uses 
in the health service.” [5 (8)] The second level focused on health care professionals that 
will work with experts in data processing. The third level focused on extensive training 
for those health care professionals that will spend the majority of their time in 
computing and data processing. Here are the objectives for the various levels: 
 

Level 1: “how to use basic knowledge about a computer system, organize 

information about a medical problem, describe the system theory behind 
the application and investigate special medical applications” [5 (29)] 
most specific to that professional. Content should include: data 
processing terminology, computer hardware & software, information 
management (file structures, file handling procedures, function of 
computer languages, system analysis, algorithmic thinking, flowcharting), 
and applications and the relevance of information processing to health 
care. 

Level 2: “will be able to discuss, plan and cooperate with computer scientists 

developing medical systems, analyze and design a medical system, allow 
for hardware and software constraints in the design of a system and be 
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able to be active members of a team in designing and implementing 
systems in their area of health activity.” [5 (30)] Content should include: 
basic information sciences (information and coding theory, logic basic 
concepts, functions and relationship between hardware components, 
information flow, basic software functions, programming including 
proficiency in writing a program, data structure & file organization, 
system analysis and design, and how to choose a computer system); 
Medical/Health Applications (broken into three groups: non-numerical 
methods (medical records), numerical methods (statistical procedures) 
and real-time applications (monitoring). 

Level 3:  specialized knowledge in computer sciences (such as a Master’s degree) 

that allows one to design interactive systems for medical diagnosis, 
medical record systems and using information processing statistical 
procedures and other mathematical analytical methods. [5 (31)] 

 
In nursing, there were relatively few examples of educational opportunities for 

nurses to learn about computers in health care. Dr. Judith Ronald [6] was one of the 
first to offer a course to teach baccalaureate nurses about computers. Her course 
covered: “1) the importance of technology in contemporary society, 2) basic concepts 

of computerized data processing, 3) present and potential applications of computers in 
health, 4) the nurse as a participant in a computerized information system and 
5) social/ethical aspects of health data automation.” [7 (772)]  

3. 1980-1990s: Personal Computer Era 

In this decade, we saw the emergence of personal computers (PCs) and software 
programs that were now addressing more clinical aspects of care. PCs provided more 
functional devices at nursing stations, doctor offices and on the units than the previous 
visual display screens. Software programs were emerging for order entry, admission 
discharge and transfer (ADT) systems, laboratory systems and early documentation 
systems. Minimum nursing data sets and nursing terminologies began to emerge. 

In the 1980s, “Nursing informatics gained momentum.” [8 (201)] The first track in 
nursing was introduced in the Symposium on Computer Applications in Medicine 
Conference in 1981. The IMIA Nursing working group held its first international 
meeting in 1982. Professional organizations such as the National League for Nursing 
and American Nurses Association formed informatics committees. Continuing 
education workshops and university level courses were being offered. In 1987, Ronald 
& Skiba [9] published Guidelines for Basic Computer Education in in Nursing. In the 
monograph, they introduced a framework that included cognitive and interactive 
learning across a continuum from informed user, proficient user to a developer. This 
informed user was for all beginning nurses. The proficient user was aimed at 
professional nurses in practice and the developer was aimed at those nurses with 
advanced degrees in the field. The monograph provided a curriculum development 
model, content outline and learning activities as well as other resources to facilitate the 
development of courses. Towards the end of the decade, the first two graduate 
programs in nursing informatics were established at the University of Utah and 
University of Maryland.  
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On the international level in 1988, the IMIA Working Group 8 (Nursing 
Informatics) Task Force on Education created “broad competency statements about 

nursing informatics for the practicing nurse, the nurse administrator, the nurse educator, 
the nurse teacher and the nurse researcher. [10 (4)] At the end of the meeting, 
recommendations were made for three levels of competencies (user, modifier and 
innovator) for the practicing nurse, nurse administrator, educator/teacher and researcher. 
Nursing informatics was defined “as the application of information science to nursing 

and patient care.” [10 (117)] A nurse informatics specialist was defined “as a nurse 

who has special preparation and experience and uses information science principles for 
the development of computer applications for nursing and patient care.” [10 (117)] For 
each type of nurse, fundamental knowledge was identified. Below are the broad 
competencies defined for each nursing role and for each level (user, modifier, 
innovator) 

 
Broad Competency Areas across Nursing Role 

Practicing Nurse Nurse Administrator Nurse Teacher Nurse Researcher 
� Documenting 

nursing practice 
� Accessing 

information 
� Using a system’s 

data & 
information 

� Coordinating 
information flow 

� Directing the 
organization of info for 
(financial, patient care, 
resource personnel, risk 
management, quality 
control, safety & 
infection control) 

� Accessing information 
� Using a system’s data & 

information 
� Communicating & 

networking inside & 
outside the 
organization 

� Assuring ethical 
standards & data 
protection 

� Teaching about 
applications for 
providing & 
administering care 
and conducting 
research about care. 

� Teaching with 
computer-based 
instructional 
materials 

� Deciding from the 
variety of 
alternatives what 
instructional 
materials should be 
available and how it 
should be provided 
to learners 

� Performing student 
assessment & 
evaluation  

� Using search strategies 
for electronically 
retrieving bibliographic 
citations and primary 
source data 

� Accessing, 
communicating and 
storing data 

� Managing & 
manipulating data 

� Processing text and 
graphic information 

 
In 1989, Graves and Corcoran published their seminal work to define “nursing 

informatics as a combination of computer science, information science and nursing 
science designed to assist in the management and processing of nursing data, 
information and knowledge to support the practice of nursing and the delivery of 
nursing care.” [11 (227)] The foundation for defining the discipline of nursing 
informatics was beginning to take shape. There was a shift from talking about 
computers in nursing to the use of the term nursing informatics.  

4. 1990s: The Internet Era 

In the 1990s, the computer based patient record was a hot topic fueled by a study 
conducted by the National Academy of Sciences to improve patients records to meet 
the need of better information management and harness advances in technology.[12] 
Computers were not only smaller but faster and telecommunications provided new 
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methods for information exchange and telemedicine. Personal digital assistants (PDAs) 
and the Internet were changing how health care professionals communicated, accessed 
and shared information and knowledge. Email and electronic bulletin board systems 
began to proliferate. As the decade came to a close, the World Wide Web (WWW) 
provided access to a wealth of information and knowledge. The Internet was no longer 
just accessible to computer scientists but to citizens. The WWW democratized 
knowledge access and facilitated patients and families engagement in health care. 

In nursing informatics, there was a growing emphasis on the development and 
testing of nursing classification and terminology systems. The American Nurses 
Association published the first Scope of Nursing Informatics Practice and Standards of 
Nursing Informatics Practice in 1994. [13] In the following year, the American Nurses 
Credentialing Center offered a certification exam for informatics nurses at the 
generalist level.  

There was continued growth in the nursing informatics education. Continuing 
education opportunities, such as the Weekend Immersion in Nursing Informatics 
programs and professional conferences (AMIA, HIMSS) provided informatics 
education to many nurses. To prepare educators to learn more about informatics, the 
HBO Nurse Scholars program was initiated and successfully educated many faculty 
across the United States, Canada and the United Kingdom. [14, 15] The European 
SummerSchool in Nursing Informatics [16] and the Nightingale Project [17] shaped 
nursing informatics education across Europe. Defining the scope and standards as well 
as having a certification exam facilitated the development of academic informatics 
programs. Graduate programs in nursing informatics increased and in the late 1990s, 
two programs (University of Colorado and Duke University) began to offer their 
graduate programs online. [18] 

During the 1999 AMIA Spring conference, a session was held to examine health 
care professionals views of informatics education. [19] The results indicated there were 
core competencies needed for all health care professionals in terms of basic computer 
knowledge and skills, principles of interface design, principles of privacy, 
confidentiality & security, ethical use of information & decision-making, knowledge of 
terminologies, user-driven clinical systems, structured data for evidence based practice, 
methods for evaluating information, how to critically and efficiently process 
information and understanding the impact of technology. In addition, there needed to 
be an interdisciplinary focus and emphasis on teamwork. Many of the competencies 
echoed those proposed by Association of American Medical Colleges [20], American 
Association of Colleges of Nursing [21] and the IMIA Recommendations on Education 
in Health and Medical informatics. [22] 

5. 2000s: The EHRs Era 

Throughout this decade, there was a convergence of driving forces that served as a 
major catalyst to move this agenda forward and insure that all health care professionals 
have the necessary “21st century knowledge and skills for practice in a complex, 
emerging technologically sophisticated, consumer-centric, global environment.” 
[23 (58)] Here were some of the driving forces: 

� Institute of Medicine’s (IOM) Reports [24, 25, 26] stressed the importance of 
health information tools to provide safe and quality care. These reports had 
impact on patient safety measures around the globe.  
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� Health Professional Education: A Bridge to Quality [27] recommended the 
following goal: “All health professional should be educated to deliver patient-
centered care as members of an interdisciplinary team, emphasizing evidence-
based practice, quality improvement approaches and informatics.” [27 (x)] 
Informatics tools are considered essential for communication, management of 
information and knowledge, mitigation of error, support for decision-making 
and health care interventions. 

� Creation of the Office of the National Coordinator of Health Information 
Technology and its federal mandates served as a catalyst for the adoption of 
electronic health records (EHRs). 

� The Technology Informatics Guiding Educational Reform (Tiger) Initiative, 
where many countries have engaged in.  

� Robert Wood Johnson Foundation funded Quality and Safety Education for 
Nurses (QSEN) initiative. The Quality and Safety Education for Nurses 
(QSEN) project emphasizes the integration of knowledge, skills and attitudes 
related to the IOM five core competencies for all pre-licensure programs. [28] 
Pilot schools are integrating these competencies in their nursing programs and 
are sharing their work on the QSEN web site (http://www.qsen.org) [29] 

� Web-based applications, mobile devices and EHRs were part of the global 
technology landscape. 

Nursing informatics graduate programs continue to evolve and increase in number 
over this decade. These programs evolved based on two revisions of the ANA’s Scope 

and Standards of Nursing Informatics [30, 31] and the work of Staggers, Gassert and 
Curran [32,33] In addition, the definition of nursing informatics was evolving as 
witnessed by ANA’s two new definitions, the IMIA Nursing Informatics Working 
Group definition and the Health Resources & Services Administration (HRSA). 

During this decade, the urgency for all health care professionals to have knowledge 
and skills in informatics blossomed. Although the idea that all healthcare professionals 
needed knowledge and skills in this area started back in 1974, it was only now being 
adopted. The driving forces previously mentioned of this decade served as a catalyst for 
this movement. In particular, the Health Professional Education: A Bridge to Quality 
[27] and the TIGER Initiative: Collaborating to Integrate Evidence and Informatics into 
Nursing Practice and Education: An Executive Summary. [34] Professional 
organizations, particularly related to nursing education began to promote informatics 
competencies for all levels of nursing education. In 2008, The National League for 
Nursing released Position Statement on Preparing the next generation of nurses to 
practice in a technology-rich environment: An Informatics Agenda. [35] The American 
Association of Colleges of Nursing released their baccalaureate, masters and doctorate 
of nursing practice essentials documents that outlined the need for all nurses to have 
information management knowledge and skills. [36,37,38] Nursing began to 
distinguish the differences between computer and information literacy from 
information management knowledge and skills. This became particularly apparent 
when the National League of Nursing surveyed nursing faculty and administrators and 
there was considerable confusion as to their view of nursing informatics. [39] Similar 
developments were also occurring in United Kingdom, Canada, Australia, New 
Zealand and Finland. [40] 
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6. 2010 to Present: Post EHRs Era 

With the establishment of the Health Information Technology for Economic and 
Clinical Health (HITEC) Act of 2009, hospitals, clinics and physician practices in the 
United States increased their adoption of electronic health records systems (EHRs). 
[41] For nursing, health information technologies will fundamental change in how 
“RNs plan, deliver, document, and review clinical care.” [42 (104)] Nurses at all levels 
will be “expected to use a variety of technological tools and complex information 

management systems that require skills in analysis and synthesis to improve the quality 
and effectiveness of care.” [42 (7)] In addition, health care professionals need 
competencies that will allow them to practice as a collaborative interprofessional team 
as defined by the Interprofessional Education Collaborative Practice (IPEC). [43] 
These competencies included values/ethics, roles and responsibilities, Interprofessional 
communication, and teamwork.  

The Post EHR era is being fueled by three major trends. [44] These trends are the 
connected age; transformation of the health care delivery system and the engaged 
patient. “The connected age is all about everything and everyone being connected.” 
[44] When the connected age is combined with the Internet of Things (connected 
device and physical objects), it is a very powerful platform for health care and 
education. [45] In health care, there have been several definitions of connected health 
[46,47] that include not only digital tools but will connect people (providers to 
providers, providers to patients and patients to patients) to share ideas and resources as 
well as to create new communities. The second trend shifts the care from acute to 
outpatient setting and moves from fee for service models to value-based care. There is 
also a continuing emphasis on quality of care, population health, transitional care and a 
continuous learning health system. [48,49] As a part of this trend, there is an increasing 
reliance on big data and data analytics, precision medicine & genomics, and 
information governance. The last trend focuses on patient, family, caregivers and 
consumer engagement [50,51] in their health care. With the growing number of digital 
tools available to patients, patient centric care is beginning to become a reality. In the 
United States, two other driving forces are also intersecting with these trends: 
interoperability (Connecting Health and Care for the Nation A Shared Nationwide 
Interoperability Roadmap) [52] and the Federal Health IT Strategic Plan. [53] 

In terms of informatics education, there were several important events that 
occurred during this time period. First, AMIA Board White Paper [54] developed a 
definition of biomedical informatics and delineated core competencies for graduate 
education in the discipline. This work was build upon previous AMIA work as well as 
competency endeavors by such professional organizations as the Association of 
Computing Machinery, International Medical Informatics Association, American 
Nursing Association, Australian Health Informatics Educational Framework, Canadian 
Health Informatics Association, TIGER and Commission on Accreditation of Health 
Informatics and Information Management. Second, accreditation standards were being 
developed and implemented by organizations such as the Canadian College of Health 
Information Management (CCHIM) and Accreditation for Health Informatics and 
Health Information Management Education (CAHIIM). [55] In addition, IMIA 
implemented a pilot program related to accreditation of medical informatics 
educational program (http://www.imia-medinfo.org/new2/node/449). Third, The 
American Board of Medical Subspecialties established clinical informatics as a medical 
subspecialty. The core content covered in clinical informatics includes: fundamentals, 
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clinical decision-making and care process improvement, health information systems, 
leadership & change management. [56] The most recent endeavor is an examination of 
“two prominent disciplines have emerged from the mix of e-health workers employed 
in health organizations—health informatics and health information management.” 

[55 (164)] This essay defined the convergent evolution of these two disciplines and 
how they may work together in the future. 

As a result of these driving forces and trends, the University of Colorado has 
begun to rethink the necessary knowledge and skills needed by our advanced practice 
nurses. To this end, we designed a Connected Care Framework [44] to begin our 
development of competencies and coursework. This framework builds on the core 
competencies [43] for interprofessional collaborative practice as well as the concepts of 
connected health, patient engagement, clinical transformations (Accountable care, 
Triple Aim, Precision medicine) and new digital tools. These new concepts were 
framed within the context of the continuously learning health care system and 
interoperability principles. A diagram of the Connected Care Framework is shown 
below (Figure 1).  
 

 
Figure 1. Connected Care Framework. 

7. Summary  

The delineation of the next generation of informatics competencies for practicing 
nurses need to examine the following challenges. First, as technology becomes more 
ubiquitous, is there a need to focus on computer literacy knowledge and skills? Should 
we be thinking of digital literacy [57] knowledge and skills? Second, is information 
literacy still important? Does this need to change to health information literacy [58] in 
the connected care arena? Or perhaps it should be digital health literacy as noted by the 
European Commission [59]. Third, what are the new communication knowledge and 
skills practicing nurses need in the connected care era? Do they understand how to use 
digital tools to communicate with an interprofessional team? Do they understand how 
to interact with patients, families and caregivers via virtual visits, patient portals, social 
media, and even personal robotic assistants? Do they know how to maintain a sense of 
presence and caring in virtual patient visits and through various digital media? Fourth, 
with the growing deluge of data, are data processing and information management still 
necessary knowledge and skills? Or do we need to also examine knowledge 
management and data analytics competencies? What about data visualization 
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competencies? What about the growing amount of personal generated health data from 
patients, how will that be integrated into care? If we are to create a learning health 
system, how will we ensure semantic operability so nurses can create evidence based 
practice by analyzing clinical data? And last but certainly, not least, it is important to 
re-examine what we expect nurse to know about privacy, confidentiality, and security 
issues in a connected care ecosystem. What are the new legal, ethical, social and public 
policy questions once we move beyond the post-EHRs era and into the connected care 
age? 

In summary, the time is now to re-examine the informatics competencies of both 
practicing nurses as well as informatics specialists. The transformation of health care 
across the globe demands this re-examination of basic informatics knowledge, skills 
and attitudes for both practicing nurses, advanced practice nurses, nurse leaders and 
those specializing in nursing informatics. There is a need to build on the existing 
foundation and delineate new competencies needed given the changing health care 
landscape.  
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Abstract. The updated version of the IMIA educational recommendations has 
given an adequate guidelines platform for developing educational programs in 
Biomedical and Health Informatics at all levels of education, vocational training, 
and distance learning. This chapter will provide a brief introduction of the 
recommendations pinpointing aspects for developing and assessing educational 
programs. We will provide a review of the existing feedback we have acquired 
during the IMIA site visits of accrediting educational programs at a worldwide 
level and discuss implementations issues. A brief overview of existing academic 
programs in Europe, North America and in other regions, especially for programs 
related to Nursing and to Nursing Informatics is provided. Finally, we will draw 
conclusions as how the IMIA recommendations may be required to be fitted into 
the specific needs of the Nursing Informatics and the needs of the Nursing 
professionals when they apply the recommendations to their academic and/or 
hospital/professional environments. 
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1. Introduction 

Increasingly information systems are installed in hospitals, General Practitioners (GP) 
practices and other healthcare organizations. More and more activities such as 
registration of data in electronic health records, order entry, interpretation of images, 
different types of decision making and searching for medical knowledge are supported 
by information systems. Since patients are transferred between healthcare organizations 
communication between information systems is also becoming more important. 
Communication between these systems is only possible when semantic interoperability 
can be achieved, which requires standardization of the communicated messages.  

Because of the ageing of populations the demand for cure and care will increase to 
such an extent that future healthcare workers cannot cope with the workload any more. 
So, it should be investigated how Information and Communication Technologies (ICT) 
solutions can reduce the workload of healthcare workers. An example is to monitor at 
home the health status of elderly people. Nurses and physicians usually can evaluate at 
a distance the condition of patients. This approach has led to less hospital admissions 
and reduces travel time of healthcare practitioners.  
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Because of the above noted trends, there is an increasing need for informaticians to 
develop and design information systems but also to investigate new possibilities for the 
use of ICT in healthcare. At the same time, health informaticians should further 
develop the scientific foundation of the field. 

The more information systems are installed in healthcare organizations, the more 
the users of these systems need to be knowledgeable about the benefits, but also the 
limitations of the use of these systems. In addition, relevant users must be able to 
express, in terms that are understood by software developers, which inefficiencies they 
experience in medical practice or where effective solutions for certain types of 
problems are needed. At least part of the end-users should be able to talk with software 
developers, understand solutions offered by them and judge the potential of these ICT 
solutions so that they can discuss the suggestions with their colleagues. This requires 
education and training. All end-users for example should be given the necessary 
education in health informatics at the level needed for carrying out their job (those 
nurses and physicians who in addition will be in contact with system designers will 
need more education in order to understand them and be able to judge offered 
solutions).  

Usually, information systems are implemented and maintained by technically 
orientated personnel with a computer science background. They usually have limited 
insight in the problems of medical practice. It is well known that the communication 
between these ICT specialists and the medical staff is often not optimal. A solution 
may be to educate persons who are able to function as intermediaries between ICT 
specialists on the one side and physicians and nurses on the other. These may be health 
informaticians but also medical doctors or nurses who via additional education 
obtained the necessary informatics background (specialized healthcare practitioners). 
The specialized doctors and nurses may talk on the one side with the end-users and on 
the other side with health informaticians, who may in turn talk with the technically 
orientated informaticians. In this case there are two types of intermediaries. In other 
situations either health informaticians or (less frequently: since health informaticians 
with a medical or nursing background usually are less knowledgeable in the field) 
specialized healthcare practitioners may be the sole intermediaries. The International 
Medical Informatics Association (IMIA) Recommendations, to be discussed later, 
define the knowledge and skills that each of the above introduced groups should master. 

Because of the growing need for health informaticians, educational programs in 
health informatics (both bachelor and master programs, but there are more master 
programs) increasingly focus on the professional practice rather than on research. 
These programs prepare graduates for careers oriented toward the use of best practices 
with respect to the design and development of information systems, their configuration 
and deployment in clinical and other settings, their integration into workflows, and the 
evaluation of their impact. Health informatics Master programs may have different 
focal points and deliver graduates with different kinds of expertise. These programs not 
only accept students with a bachelor in health informatics but also students with a 
background in medicine, nursing, biology, computer science, mathematics, physics, etc. 

Especially in the bachelor phase, educational programs in health informatics 
introduce students extensively to medical and nursing subjects, so that health 
informaticians have, next to informatics knowledge and skills, also the necessary 
knowledge to support the medical staff in defining the requirements for new 
applications. Nowadays, also post-graduate master programs exist that have as goal to 
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specialize medical doctors and nurses in health informatics, sometimes using distance 
learning. In the United States (US) medical informatics is a medical subspecialty. 

Knowledge about the use, benefits and limitations of information systems should 
be part of undergraduate nursing or medicine curricula. 

The Recommendations on Education in Biomedical and Health Informatics of 
IMIA define the knowledge and skills necessary for creating different types of health 
informaticians [1]. Educational programs as described above use these 
recommendations when defining the contents of their health informatics curricula. In 
doing so, they also take the needs of the labor market into account in order to endow 
their students with employable skill sets.  

When searching for an attractive program in health informatics, students take the 
international status of the higher education institution into account, because 
increasingly graduates may go to work in another country than their own. Educational 
institutions compete for students and therefore invite international experts to evaluate 
their programs so that they can advertise the results if the judgment is positive. Such an 
evaluation can become a costly business since usually not only the travel and 
accommodation costs for the experts have to be paid but also the experts have to be 
remunerated. IMIA has the potential to serve as accreditation agency [2, 3, 4]. The 
accreditation process can be less costly when experts from member countries of IMIA 
agree to carry out the peer review for free (expecting only remuneration of travelling 
expenses and accommodation). 

The IMIA Recommendations on Education in Biomedical and Health Informatics 
are very important for a number of reasons. As mentioned above, the 
Recommendations are important for educational institutions when they plan to design a 
curriculum in Health informatics. The Recommendations allow them to design 
different types of program depending on the type of graduates they want to deliver. The 
recommendations are also necessary for enabling an international exchange of students 
and teachers and for establishing international programs and may encourage and 
support the sharing of courseware. 

But also for accreditation the Recommendations are important. Since the health 
informatics curricula have various focuses, can be vocational or academic, a framework 
is necessary to judge whether the curriculum provides enough knowledge and skills for 
the type of graduates the program is delivering. The Recommendations are, therefore 
extensively used both for designing programs and for accrediting purposes. 

In this book contribution among others the Recommendations and the 
Accreditation process are presented. We, as authors, have already published a lot about 
these topics. Therefore, we make use of earlier articles [1-6] to give our current readers 
a good overview of these topics. 

2. Introduction to the IMIA Recommendations 

Education in the field of health informatics is not available in all countries. In some 
countries health informatics curricula, both vocational and academic and for various 
types of healthcare professionals, are adequately available, in other countries this is 
hardly the case. It is now well recognised that the availability of specialists in health 
informatics and end-users who have knowledge of the benefits and limitations of the 
use of information systems has a positive influence on the quality and effectiveness of 
healthcare. A framework describing the possible subjects that should be part of health 
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informatics curricula and at which depth therefore will be of help in checking the 
quality of existing curricula and a guide for designing new curricula is therefore not a 
luxury. The IMIA recommendations for education [1] were designed just for this 
purpose. Existing educational programs have different focuses, depending on the type 
of institution that is delivering the education and the type of healthcare system existing 
in the country. Nevertheless, there is still quite a lot of overlap in the subjects that are 
taught. Due to this overlap, the development of a framework for recommendations 
becomes possible. 

Around 2006 it was clear that the original version of the Recommendations had 
become outdated and should be revised and updated.  In 2010, the revised version of 
the Recommendations [6] was published. 

As shown above we can distinguish end-users from specialized nurses and doctors 
and health informatics specialists. The IMIA Recommendations specify major learning 
outcomes for the group of end-users and for the group of specialists: 

� Learning outcomes for all health care professionals in their role as IT users: 
these learning outcomes should be included in all undergraduate curricula, 
leading to a health care professional qualification.  

� Learning outcomes for health informatics specialists: these learning outcomes 
need to be included in all curricula that have the aim to deliver specialists in 
health informatics, leading to a qualification as specialist in health informatics, 
be it the group of health practitioners with additional knowledge and skills in 
health informatics or the group of specialists who follow a master course in 
health informatics. 

Obviously, curricula for specialisation of a health care professional (post-graduate 
programs) or as a health informatics specialist (graduate programs), will show a 
varying depth and breadth of their learning outcomes. 

The learning outcomes define the levels of knowledge and skills needed at the end 
of the study. The desired outcomes determine the contents of the educational 
components either in courses/course tracks in health informatics as part of non health 
informatics undergraduate programs or in the contents of dedicated programs in health 
informatics.  

In the IMIA Recommendations the knowledge and skills levels are specified for 
four domain areas: 

1. Biomedical and Health Informatics. 
2. Medicine, Health and Biosciences, Health System Organisation. 
3. Informatics/Computer Science, Mathematics, Biometry. 
4. Optional modules from related fields. 

Moreover for each of the recommendations it is stated at what level they should be 
taught (from introductory to advanced) both for the group of end-users and for the 
group of specialists. The latter group is more variable and therefore for each variety a 
different curriculum has to be specified. 
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3. Experiences with accreditation  

In 2011, the IMIA General Assembly accepted a proposal to test a suggested 
accreditation procedure in a trial phase in which five institutions, spread over the IMIA 
regions, would volunteer to participate. It should be noted that the IMIA accreditation 
is an addition to national accreditation and does not replace it.  

The accreditation procedure in the meantime has been tested and IMIA now offers 
to accredit educational programs in health informatics. The national accreditation 
procedures show a lot of commonalities. A quality assurance agency publishes which 
topics will be assessed and which criteria will be used. The institution prepares a self-
assessment report covering the topics specified by the quality assurance agency. 
Usually a peer review team validates the contents of the report during a site visit and 
assesses the quality of the program. The peer reviewers usually are experts in the field 
that is covered by the program.. The IMIA accreditation procedure is similar. 

The self-assessment report provides the information needed by the peer review 
team to evaluate the assessment criteria. According to the IMIA accreditation 
procedure the self-assessment report should answer the following six main questions:  

1. What are the goals of the program for which the institute asks accreditation? 
2. How are the goals implemented in a curriculum? 
3. What is the size and quality of the staff? 
4. Which facilities for teaching are available? 
5. How does the institute guarantee the quality of the program? 
6. Are the goals routinely reached?  

The peer review usually comprises a site visit that may take from one to four days, 
during which the site-visit the peer review team (called site visit committee in the 
IMIA accreditation documentation) consults with the various stakeholders. The 
stakeholders for an educational program may range from the rector and dean to staff 
and student and alumni representatives, to employers of the graduates of the reviewed 
programme or institution. The site-visit committee may during the site visit ask for 
more information when needed.  

After the site-visit the committee prepares a report containing an evaluation of the 
program and the final judgment. The IMIA Accreditation Committee sends the report 
to the institution or program with the question to correct factual errors if they are 
present in the report. Then the Accreditation Committee will make the final decision 
concerning accreditation or not.  

During the trial period, IMIA accumulated substantial experience regarding the 
advantages of the process and ways of improving it. The different levels and 
orientations of the programs, the variety of cultures encountered, and the differences in 
implementation and infrastructural possibilities provided enough material to generalize 
and refine the accreditation procedure to facilitate its routine use in the future.  

An assessment of the IMIA Accreditation process is reported elsewhere [2]. In [3] 
the experiences with the accreditation procedure were reported by the first educational 
program accredited by IMIA. Here we only mention an example of a change in the 
documentation that was necessary for theses written in the national language. The peer 
review team selects a number of theses that should be in their possession before the site 
visit. Theses usually prepared in the national language could not be understood by the 
reviewers. It was too time consuming or costly to translate the selected theses into 
English. Therefore, theses summaries in English were requested. However, the thesis 
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summaries did not provide a sufficient impression of the quality and content of the 
theses. Therefore, a translation of the Table of Contents was also requested and during 
the site visit an additional day was devoted to the discussion of the theses with the 
supervisors.  

The common characteristics of all visits were the willingness of the volunteering 
institutions to accept the costs and time for accreditation, the overwhelming preparation 
and enthusiasm to participate shown at all levels of their hierarchy, and the acceptance 
of the final judgment of the committee, which included a number of recommendations 
for improvement. 

An Accreditation Review Committee consisting of three independent IMIA Board 
members chaired by Reinhold Haux at that time, evaluated the accreditation reports [5] 
that were written during the trial period. The Committee came to the conclusion that: 

� the site-visit committees have carefully studied the respective programs; 
� they have documented their reviews and recommendations extensively and 

well-written in their reports; 
� the IMIA Accreditation Review Committee fully supports all the 

recommendations; 
� in case of reaccreditation, the actions for improvement, as expressed in the 

accreditation report, have to be put in practice. Otherwise, reaccreditation is 
probably not possible. 

4. Educational programs in HI for nurses  

There is a number of Biomedical and Health Informatics educational programs at 
academic institutions across the world. Detailed list of programs for Europe can be 
found at the EFMI website available at the WG EDU link [8]. The American Medical 
Informatics Association has a long tradition in establishing a database of educational 
programs available at US institutions [9]. Unfortunately, the tradition of IMIA to 
develop and hold a database of educational programs across the world is not available 
any more in the last ten years; therefore, there is a very important missing link of 
information available to those interested to have a global view in education in our field. 
However, from the available information and search, one may deduce that there is an 
increased number of programs especially in the field of Health Informatics and more 
lately in the field of Biomedical Engineering and Bioinformatics. Most of the programs 
are at the Master’s level, which is quite reasonable, as you may specialise or convert 
professionals with different backgrounds to the Health Informatics discipline. 

In most countries there is no Nursing Informatics specialisation or certification. So 
for a Nursing graduate the informatics skills and knowledge may be acquired at their 
undergraduate studies. From a brief review into the European nursing curricula it is not 
directly evident that nursing curricula include nursing informatics or health informatics 
courses/modules. One may find computer skills classes taught from outside the 
department faculty. Those classes are given to almost every other student at the 
University or Institution. Therefore, searching in European Institutions nursing 
curricula very few programs include nursing/health informatics courses. Also at those 
departments of nursing, where nursing/health informatics courses exist, there are even 
fewer mandatory courses in nursing/health informatics.  
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Since very few nurses are pursuing postgraduate studies due to the need either to 
work immediately, lack of nurses at the healthcare environment not allowing them to 
take a leave of absence for further studies, and/or sometimes lack of financial resources, 
emphasis should be given to the undergraduate curriculum to include a nursing 
informatics module/course as obligatory.  

5. Recommendations for Nursing science and Nursing practitioners 

So the movement of the 1990’s and later, which in many ways was rather successful as 

Council of Europe provided mandate for health informatics courses implementation to 
be suggested as obligatory to all Medical, Nursing and other Health Sciences schools 
curricula, European Commission funded nursing specific actions such as Nightingale 
[10] and Telenursing/ Telenurse [11], seems now that it is fading out. One reason may 
be that the curriculum developers think that nowadays all students are already adequate 
users of computers so there is no need in a clinical school to introduce any more 
computer courses. This reason is not correct since Nursing/Health Informatics is a 
scientific discipline part of the Health Sciences curriculum and a computer skills 
requirement in the curriculum. This important difference has not yet penetrated into the 
traditional thinking of our fellow colleagues in a number of nursing departments or 
other health related departments including medicine. 

6. Refocusing the Recommendations for Nursing 

Studying the Recommendations and trying to view them from a specific professional 
viewpoint is the usual practice, whenever one wants to acquire a particular perspective. 

Nursing is a clinical profession with particular needs and requirements regarding 
the Biomedical Medical Health Informatics (BMHI) field. It is well known that in both 
IMIA and AMIA, Nursing plays a very important and strategic role requiring special 
attention and the specialization of Nursing Informatics has a long history of 
accomplishments and specialized meetings and Conferences and attract special 
attention. The same goes with the educational requirements.  

Therefore, we truly believe that a special attention should be paid to the IMIA 
recommendations when looked from a Nursing perspective. We have refocused 
specific skills in Table 1 where we underline the additional items that should be 
included to the already required skills. 
 
Table 1. Modified table of Knowledge and Skills focused on Nursing  

 Knowledge/Skills – Domain Level  

  Nurse as 
User 

NI 
specialis

t 
1 Biomedical and Health Informatics Core Knowledge and Skills   

1.1 Evolution of informatics as a discipline and as a profession + + 

1.2 
Need for systematic information processing in health care, benefits 
and constraints of information technology in health care 
 

++ ++ 
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 Knowledge/Skills – Domain Level  

  Nurse as 
User 

NI 
specialis

t 

1.3 Efficient and responsible use of information processing tools, to 
support health care professionals’ practice and their decision making ++ ++ 

1.4 
Use of personal application software for documentation, personal 
communication including Internet access, for publication and basic 
statistics 

++ ++ 

1.5 
Information literacy: library classification and systematic health 
related terminologies and their coding, literature retrieval methods, 
research methods and research paradigms 

++ ++ 

1.6 
Characteristics, functionalities and examples of information systems 
in health care (e.g. clinical information systems, primary care 
information systems, nursing information systems, etc.) 

+ +++ 

1.7 

Architectures of information systems in health care; approaches and 
standards for communication and cooper- ation and for interfacing and 
integration of component, architectural paradigms (e.g. service-oriented 
architectures) 

 ++ 

1.8 

Management of information systems in health care (health 
information management, strategic and tactic information management, 
NI management, IT governance, IT service management, legal and 
regulatory issues) 

+ +++ 

1.9 

Characteristics, functionalities and examples of information 
systems to support patients and the public (e.g. patient-oriented 
information system architectures and  applications, personal health 
records, sensor-enhanced information systems) 

+ ++ 

1.10 
Methods and approaches to regional networking and shared care 
(eHealth, health telematics applications and inter-organizational 
information exchange 

+ ++ 

1.11 

Appropriate documentation and health data management principles 
including ability to use health and medical coding systems, 
construction of health and medical coding systems, nursing coding 
schemes 

+ +++ 

1.12 

Structure, design and analysis principles of the health record including 
notions of data quality, minimum data sets, architecture and general 
applications of the electronic patient record/electronic health record, 
including nursing records 

+ +++ 

1.13 Socio-organizational and socio-technical issues, including 
workflow/process  modelling and reorganization + ++ 

1.14 
Principles of data representation and data analysis using primary 
and secondary data sources, principles of data mining, data warehouses, 
knowledge 

+ ++ 

1.15 Biomedical modelling and simulation  + 

1.16 
Ethical and security issues including accountability of health care 
providers and managers and BMHI specialists and the confidentiality, 
privacy and security of patient data 

+ ++ 

1.17 Nomenclatures, vocabularies, terminologies, ontologies and 
taxonomies in BMHI + ++ 

1.18 
Informatics methods and tools to support education (incl. flexible and 
distance learning), use of relevant educational technologies, incl. Internet 
and World Wide Web 

+ + 

1.19 

Evaluation and assessment of information systems, including study 
design, selection and triangulation of (quantitative and qualitative) 
methods, outcome and impact evaluation, economic evaluation, 
unintended consequences, systematic reviews and meta-analysis, 
evidence-based health informatics 
 

 ++ 
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 Knowledge/Skills – Domain Level  

  Nurse as 
User 

NI 
specialis

t 

2 Medicine, Nursing, Health and Biosciences, Health Systems 
Organization   

2.1 
Fundamentals of human functioning and biosciences (anatomy, 
physiology, microbiology, genomics, and clinical disciplines such as 
internal medicine, surgery, nursing, etc.) 

+ + 

2.2 
Fundamentals of what constitutes health, from physiological, 
sociological, psychological, nutritional, emotional, environmental, 
cultural, spiritual perspectives and its assessment 

+ + 

2.3 Principles of clinical/medical decision making, nursing assessment, 
and diagnostic and therapeutic strategies + ++ 

2.4 Organisation of health institutions and of the overall health system, 
interorganizational aspects, shared care + +++ 

2.5 Policy and regulatory frameworks for information handling in health 
care  + 

2.6 Principles of evidence-based practice (evidence-based 
medicine,  evidence-based  nursing + + 

2.7 
Health administration, health economics, health quality 
management and resource management, patient safety initiatives, public 
health services and outcome measurement 

+ ++ 

3 Informatics/Computer Science, Mathematics, Biometry   

3.1 
Basic informatics terminology like data, information, knowledge, 
hardware, software, computer, networks, information systems, 
information 

+ +++ 

3.2 Ability to use personal computers, text processing and spread sheet 
software, easy-to-use database management systems ++ +++ 

3.3 Ability to communicate electronically, including electronic data 
exchange, with other health care professionals, internet/intranet use ++ +++ 

3.4 

Methods of practical informatics/computer science, especially on 
programming languages, software engineering, data structures, database 
management systems, information and system modelling tools, 
information systems theory and practice 

 +++ 

3.5 Methods of theoretical informatics/computer science, e.g. complexity 
theory  ++ 

3.6 
Methods of technical informatics/computer science, e.g. network 
architectures and topologies, telecommunications, wireless technology, 
virtual reality, multimedia 

 ++ 

3.7 
Methods of interfacing and integration of information system 
components in health care, interfacing standards, dealing with multiple 
patient identifiers 

 ++ 

3.8 
Handling of the information system life cycle: analysis, requirement 
specification, implementation and/or selection of information systems, 
risk 

+ +++ 

3.9 
Methods of project management and change management (i.e. 
project planning, resource management, team management, conflict 
management, 

+ +++ 

3.10 Mathematics: algebra, analysis, logic, numerical mathematics,  ++ 

3.11 Biometry, epidemiology, and health research methods, including 
study  ++ 

3.12 
Methods for decision support and their application to patient 
management, acquisition, representation and engineering of medical 
knowledge; construction 

+ +++ 

3.13 

Basic concepts and applications of ubiquitous computing (e.g. 
pervasive, sensor-based and ambient technologies in health care, health 
enabling technologies, 
 

 + 

J. Mantas and A. Hasman / IMIA Educational Recommendations and Nursing Informatics28



 Knowledge/Skills – Domain Level  

  Nurse as 
User 

NI 
specialis

t 

3.14 Usability engineering, human-computer interaction, usability 
evaluation, cognitive aspects of information processing  ++ 

 
Nursing ontologies and classifications systems such as North American Nursing 

Diagnosis Association (NANDA), Nursing Intervention Classification (NIC), Nursing 
Outcome Classification (NOC), Omaha, and International Classification for Nursing 
Practice ICNP, and generic health care terminologies such as SNOMED CT should be 
included into any NI curriculum. Furthermore, nursing management skills is mandatory 
including change management, whereas patient safety nursing roles and patient 
advocacy are obligatory to be taught and discussed. Specific nursing information 
systems should also be added as required by both clinical environments and nursing 
management. The scientific nursing should be emphasized in relation to the nursing 
informatics field where osmosis may benefit both academic and clinical work. The 
need for professional nursing assessment and scientific evidenced based nursing may 
both gain support from the upcoming Informatics applications. 

The additional items may be there at the revised Educational Recommendations 
but the authors feel that emphasis should be given in such a way that the obscured 
definitions become more obvious in the refocused for NI Educational 
Recommendations as mentioned in Table 1. 

7. Conclusions and Discussion 

We understand that education is a very powerful instrument for change in the society, 
the scientific domain and in the professional world. For many years Nursing has 
struggled to attain a scientific status across the world. This may be true for many years 
at certain countries such as US or Canada. However, for most countries including in 
Europe only in the last thirty years (almost one generation), Nursing has become and it 
has been accepted as a scientific field taught at University level. 

In most of the Nursing schools modules or courses in IT skills exist, however, it is 
not evident from the search we have done that all programs in Nursing at undergraduate 
level teach Nursing Informatics. In addition, very few specific postgraduate programs 
exist in Nursing Informatics. Most programs at postgraduate level are called Health 
Informatics where graduate Nurses are accepted along with other interest 
medical/health sciences graduates. In those programs, specific modules/courses in 
Nursing Informatics are very rare. 

It is therefore, a requirement to revisit the Educational recommendations and 
emphasize as clearly as possible the required skills and knowledge in BMHI as 
required from the Nursing scientific and professional viewpoint. In the modified table 
we have tried to provide a first effort to refocus the skills with nursing perspective. 
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Abstract. This chapter considers the development of nurse education over the past 
50 years and ventures a view towards 2020. A link will be made to the 
introduction of informatics to nursing curricula. It is clear when looking over the 
recent history of nurse education that it has moved from a medical model and 
content driven apprentice mode to that of a reflective agile professional mode 
where autonomous practice allows for collaboration in care and connectivity 
between health professionals. Parallel to these pedagogical changes are the 
introduction of informatics across healthcare, starting with computer skills and 
moving through information management to decision support. The chapter will 
conclude with some thoughts around the next possible steps forward for nursing 
informatics education. 

Keywords. Nursing education; Learning Theories; Connectivism  

1. Introduction 

Nursing education has changed over time, from an apprenticeship model approach, to 
one where nursing education is valued for creating critical thinking, problem solving 
autonomous practitioners [1]. Nursing competencies have been introduced into nursing 
education internationally in an attempt to produce nurses who can demonstrate 
performance against the expected role of a Registered Nurse (RN). Berwick [2] 
describes this saying “During professional preparation, nurses-in-training should 
experience, reflect upon, and develop the knowledge, skills, and attitudes that create 
competence in patient-centred care, teamwork and collaboration, evidence-based 
practice, quality improvement, safety, and informatics”.  

This chapter considers the historical development of nursing education, then links 
the changes in nursing education to the development of nursing informatics education.  
Learning theories are described, following the evolving approach taken by nursing and 
nursing informatics education over time. This chapter concludes with identifying some 
of the challenges facing nursing informatics education towards 2020, and the question 
of whether post connectivism can support the development of the agile health 
practitioner needed in an ever-increasing digital world.  
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2. Changes in the education of nurses 

Early nursing education followed an apprenticeship model based in hospitals [1].  
Senior nurses and doctors provided the training, along with on-the-job experience 
supervised by qualified and more senior student nurses. Servicing the needs of 
hospitals, not the educational needs of the students, was the emphasis in the 
apprenticeship model of nursing education.   

From the early 1970s nursing education started to move to the education sector.  
The focus shifted to student learning and understanding of nursing. Education that 
supported the development of nurses’ decision-making power was introduced, 
accompanying a change from task oriented practice, from ‘doing’ to ‘knowing’ [3]. The 
literature describes a paradigm shift that occurred in nursing education coined as a 
‘curriculum revolution’ [4]. Key themes of the ‘revolution’ included social 

responsibility, the centrality of caring in nursing, an interpretive stance, reflection and 
critical thinking [4-6]. It is now well recognized that nursing education needs to 
provide for lifelong learning including critical thinking ability, communication skills, 
and information literacy [7-9]. Resulting in part from the information explosion and 
increased access to information through the Internet, there is less emphasis on what 
students need to learn as a finite body of knowledge and more on the process of 
learning [10].   

The use of nursing competencies started to appear in literature in the 1970s, being 
touted as being a way to provide a standard approach to education [11, 12]. Rather than 
set a core curriculum the preference grew to describe competencies that nurses would 
develop, which was considered to provide education providers sufficient guidance and 
also the opportunity to be creative in how their curricula were designed [11]. The 
Quality and Safety Education for Nurses (QSEN) project [13] describes competencies 
as including knowledge, skills, and attitudes, highlighting achievement of 
competencies as indicators of nurses who can provide safe and effective care. The 
effectiveness of competencies in nursing education is proven, but also highlights the 
important role of nurse educators  [14], which is addressed in section B chapter 1. 

The challenge is in preparing nurses for the future, recognizing that most 
programmes of learning to become a nurse take at least three years, and therefore a 
forward-looking approach is always needed. It is well known that future nurses will be 
working in a healthcare environment that is increasingly complex, where change is 
constant, and with individuals who will be living longer, are more likely to have a long-
term condition and multiple co-morbidities [15-17]. In conjunction with this is the view 
that health should be considered longitudinally, across the lifespan of the person, rather 
than as episodic, where healthcare intercedes only when the person is sick [18]. This 
means nurses need a stronger focus on health promotion and disease prevention, rather 
than a sickness focus and the knowledge, skills and tools to achieve this.   

3. Learning theories  

Nursing education has always been open to new models of learning and teaching, 
moving and drawing on behaviorism, cognitivism, constructionism and connectivism, 
but at each juncture there has been a focus on the teacher rather than always 
understanding the student needs first. This may reflect early healthcare where 
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historically a paternalistic approach to practice dominated, rather than negotiated care 
and working in partnership with patients and their families [1]. 

Behaviorism led into a world of classic conditioning or stimulus-response learning 
with the underlying concept that behavior was more influential to actions, including 
learning, than thinking or feeling [19].  Many will have learnt about Pavlov’s dogs, 
where the dogs were conditioned to salivate upon hearing a bell even though there was 
no food presented, a classic conditioned response [20]. More recently Skinner [21] 
added further with his concept of operant conditioning where the mind of an individual 
plays a part in the way in which we do things, so the start of adding ‘thinking’ to the 

way in which we learn. Through development of Skinner’s work emerged the theory of 

‘Law of Effect’ where rewarded behavior tends to be repeated and behavior 

unrewarded tends to reduce or go away completely [22]. There remain elements of 
behaviorism in nurse education today where students follow regime processes such as 
the essentials of aseptic technique or the use of risk assessment tools whereby selection 
of responses result in a treatment protocol. However, in today’s nursing education 

additional elements for student learning provide further enhancement which allows for 
an individualised approach.  

The development of individualism allowing for greater conscious thinking came 
with cognitivism as a learning theory in the 1960s. The main concept behind 
cognitivism was that the process of learning was more important than the outward 
response to learning [23]. At the time of emergence of this theory there were significant 
developments in the uses of computers in different sectors of society which may have 
led to the theory often being described as concerned with the student as an information 
processor. Thinking, memory, problem-solving were at the heart of cognitivism where 
learning was considered as a thought change rather than just a response to stimuli [24].  
In application to nurse education this theory heralded the start of the transition to 
individualised patient care through the understanding of processes with added variance 
due to individual patient need, which was shown in written nursing care plans.  

In the 1980s a further expansion on individual learning was expounded through 
constructionism theory [25]. Bruner is one of the main theorists of constructionism and 
he suggests that learning is an active process, stimulated by curiosity [26]. Additionally, 
learning occurs when the information and experiences are meaningful and specific to 
the individual [27]. Students are seen as not just responding in a behaviorist way to 
stimuli, but seeking to understand and find meaning in the stimulation provided by the 
learning experience. This represents a significant shift away from ‘teacher-led’ 

education towards understanding and implementing ‘student-led’ learning where the 
activity of educational construction lay with the individual student constructing 
solutions guided or facilitated by a set of learning objectives which could be attained in 
more than one way, allowing for diversity of knowledge and thought by the student.  
Nursing education has drawn extensively from this theory of learning as it allows for 
individualised patient care whilst acknowledging that the process of learning is also 
individual and centred on the student, based on what the student needs to know related 
to gaps in their knowledge. 

This brings us to the most recent theory espoused by Siemens called connectivism, 
which is considered a learning theory appropriate for the digital age [28]. The main 
thrust of this theory is that learning is moving from the ‘know-how’ or ‘know-what’ to 

the ‘know-where’, reflecting the need for information literacy skills around information 

accessing, filtering, and sequencing so the student knows when an appropriate resource 
has been located. Connectivism has been described as a dynamic state where 
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knowledge is created beyond the individual participants, and is constantly shifting and 
changing: Knowledge is a shifting phenomenon as information flows across networks 
that themselves are inter-connected [29]. An obvious example of this is Wikipedia, 
where information is fluid and evolving. Wikipedia also indicates the need for students 
to be able to filter, and the need for information literacy to discern the credibility and 
usefulness of information accessed. Applied to nursing education, learning starts with 
the individual student who forms networks to aid their learning and extend their 
personal communities; hence their learning also draws on the experiences and learning 
of others. The use of social media among today’s nursing students emphasizes the 

place of connectivism.   

4. Nursing informatics education  

The use of information and communications technology (ICT) in the delivery of 
healthcare is now usual practice in many countries. However, this occurred because of 
instrumental nursing informatics pioneers [30]. Now, more than ever, the increased use 
of ICT is being driven by patients and population demand, with countries looking for 
ways to improve efficiency with most nations struggling with inadequate resources. In 
many countries consumers can access and control their care records and participate in 
their health care. Nursing education prepares students for beginning practice as a RN, 
and this now includes being ready to act as information management advocates for 
patients and their families, to help them navigate the masses of accessible information. 
Moreover, nurses also need to be prepared to act as custodians of health information 
within a governance framework.   

In the early 1960s the World Health Organization arranged international seminars 
on automatic data processing in health care but nurses were not invited until 1971 [31].  
Then in 1982, the first world congress for nursing and ICT was held in London and 
attracted delegates from all over the world. It was this conference that resulted in the 
International Medical Informatics Association (IMIA) establishing a Working Group 
specifically for nursing; this working group continues to be at the forefront of nursing 
informatics today [30]. At this first nursing informatics conference in 1982, Constance 
Berg [32] presented a paper entitled ‘The importance of nurses’ input for the selection 

of computerized systems’ and gave a profound warning: 

“The choice is there and the time to make the choice is now. The decision 
must be whether to act traditionally and have change thrust upon the 
profession [nursing] from the outside or to anticipate this revolution in 
nursing practice, familiarize nurses with it, and prepare them to take an 
active part in the introduction of computers into the nursing community”.   

Nursing informatics education builds on essential concepts within nursing 
education, such as communication skills, teamwork, the importance of nursing 
documentation, and working within legal and ethical boundaries. Early nursing 
informatics education followed the broad steps seen in nursing education. Initially the 
focus was on ‘doing’ tasks, such as how to use a computer with the aim of nurses 
developing basic computer skills. Then the emphasis moved to ‘knowing’ about 
information management and issues associated with using ICT. Nursing informatics is 
often presented drawing on the data–information-knowledge-wisdom framework [33, 
34].  Over time the importance of nurses understanding how ICT can be used wherever 
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nursing occurs, including patients using ICT, and both nurses and patients developing 
information literacy skills, has come to the foreground in our increasingly connected 
world. Nursing informatics frameworks and competencies are seen as one way to 
encapsulate the knowledge, skills and attitude nurses need.  

5. Nursing informatics frameworks  

In order to determine the most appropriate nursing informatics competencies it is 
helpful to understand the focus of various frameworks from different countries, 
organisations or individuals.  An example from each is briefly offered here.  

An European Union (EU) and United States (US) collaboration created HITComp 
- the Health IT competencies [35]. These EU/US health IT competencies were 
developed as a collaboration under the auspices of the Standards and Interoperability 
Framework of the US Office of the National Coordinator of Health Information 
Technology and the EU through the European Commission’s Directorate General for 

Communication. A workgroup of public and private sector industry, ICT and e-health 
professionals, together with educators and clinicians, created a database. The outcome 
of this collaboration was published online in May 2015 and is a searchable database of 
skills and competencies needed across a variety of healthcare roles, including nursing 
[35]. 

An organisational example is the Quality and Safety Education for Nurses (QSEN) 
project which developed knowledge, skills and attitude competencies aimed to prepare 
nurses to continuously improve the quality and safety of the healthcare systems where 
they work [13]. QSEN acknowledges nursing informatics and developments such as 
electronic health records (EHR), social media, the increased role of consumers and 
their use of technology, mobile-health, smart phones, and health related applications. 
Additionally, QSEN suggests that ICT “is an enabling tool that links data, information, 
knowledge, and wisdom and facilitates problem solving and decision making”. A 
further organizational example of nursing informatics frameworks is provided by the 
Technology Informatics Guiding Educational Reform (TIGER) Initiative [36] and this 
is described fully in section B chapter 3.  

Bond and Procter [37] are individual nurse academics based in the United 
Kingdom. They proposed a framework to enable all RNs to have an essential 
understanding of informatics to work effectively in the healthcare information intensive 
environment. Figure 1 is taken from their work and as an overall view would appear to 
support many of the leading nursing informatics competency frameworks including, 
TIGER [38] and the HITComp [35].  The model (Figure 1) attempted to identify 
various informatics elements considered important for inclusion in a course preparing 
nurses for registration. The relationship between new knowledge (informatics) and 
advancing conventional healthcare knowledge was considered crucial in giving 
contextual meaning to the inclusion of informatics for the students. The original paper 
contains the 'key' to the various elements, but even looking at a meta level it is the 
movement in the learning that the student can undertake from bottom left to top right 
which binds such learning in a larger curriculum [37]. 
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Figure 1:  High level scatter chart of nursing informatics competencies across two continuums (Bond 

and Procter 2009) [37]. 

6. Challenges facing nursing education 

With the changes to the models of nursing education, nursing informatics education has 
also changed. The changes in nursing education have been driven by societal and 
professional expectations of high quality nursing. In addition, new nursing roles have 
emerged, with RNs working at levels of advanced practice, yet all nurses are required 
to work with technology in their day to day work. While there have been significant 
changes and improvements in nursing education over the last century, there have also 
been challenges, which today include the blurring of health professional roles where 
professional boundaries overlap and sometimes cause increased workload due to 
duplication whilst the emerging roles find their place [39]. The growing division 
between service delivery and RN preparation causes a delay between curriculum 
designs meeting the needs of service improvement. This response delay increases the 
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necessity to construct the education of nurses in a more generalist manner which has a 
flow on effect regarding a lack of professional identity which has the potential of 
returning nurse education to the early years where the curriculum design was developed 
to meet service need [40].   

The Horizon Report suggests a number of developments in technology that will 
impact higher education in the next five years, with two key long-term influencing 
trends being advancing cultures of innovation and changes in how education providers 
(universities, colleges) work [41]. These changes and trends equally impact nursing 
education. For example, this report suggests technological developments as including 
students bringing their own devices, adaptive learning, augmented and virtual reality, 
affective computing, and robotics, which are already emerging or present in nursing 
education [42, 43].  

The following competencies were identified as being important; and these are 
listed with examples for entry-level nurses, those studying to become a RN, and for the 
nurse educators involved in their education. 
� Respect the individual’s preference in their use(s) of digital health applications. 
� Support individuals and family/carers through available information sources. 
� Describe and work within the legal and ethical rules/ regulations associated with 

managing and sharing patient information. 
� Identify, improve, encourage and use new technologies, including remote care 

from a clinical and community perspective of connected care. 
� Find the most reliable sources of information to support evidence based practice. 
� Incorporate information and communications technology into consultations.  
� Manage the nurse-patient relationship when the nurse is not physically in the same 

place and/or time as the patient. 
� Perform accurate and timely data entry at the point of care which is clinically 

meaningful. 
� Explain the role of technology in the delivery and organization of care. 
� Extract data to support decisions, monitor the outcomes of practice and generate 

knowledge. 
� Support other users to identify and use relevant information and communications 

technologies for connected care. 

7. Post connectivism 

Earlier nursing informatics education mirrored nursing education, with a focus on tasks 
associated with using a computer  [44-47].  In her chapter on the history of nursing and 
the computer, Saba in 2001 described ‘computer’ as an all-encompassing term 
including the internet [48]. With the increasingly widespread availability and 
connectivity to the Internet, web-based learning options came to the fore, so that by the 
late 1990s the focus was more on improving access to learning opportunities and using 
the technology to enhance learning [8, 49-51]. This change indicated a more cognitive 
approach to nursing informatics education [52]. More recently the focus has been on 
using ICT to collaborate, recognizing the power of the internet, electronic 
communications and social media, heralding a change of focus to connecting and 
networking amongst nurses.  
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In 1999 McGuiness and Hardy distinguished between personal, professional and 
educational technology for health professionals [53]. This synergy between the use of 
technology by nurses in their personal and professional lives, and for their ongoing 
education, indicates a blurring of the boundaries between each aspect, and with the 
ability to connect to other people, resources and ideas we are truly living in what Skiba 
termed ‘The Connected Age’ [43]. The Educause Center for Education and Research 
(ECAR) report of a study involving over 112,000 students from 250 higher education 
institutions across 13 countries suggests students are connected, with students reporting 
that technology makes them feel more connected to their school (64%); their teachers 
(60%), and to each other (53%) [54]. But this report also cautions that although 
students may be ready to use their mobile devices more in relation to their learning, 
their education providers need to provide a need to do so; also, that students are rightly 
concerned about their privacy. This highlights the challenge for educators to keep 
abreast of recent advancements and to also be cognizant of future developments so that 
their teaching strategies are suitable to prepare students for the future, rather than just 
the status-quo.   

Is there an argument for considering nursing informatics as a seamless attribute to 
the nursing role rather than something extra-ordinary? Procter and Woodburn [55] 
suggest that nurses and the profession have a choice to engage with and lead the 
development of these technologies to ensure that they can continue providing patients 
with high quality and safe care, or not. In reality though, nurses must get involved in 
building their knowledge base and working towards adding information management 
wisdom to the professional knowledge.  

8. Conclusion 

The profession of nursing, and therefore the education of nurses, has seen significant 
changes over time to a place where nursing is now a respected profession. Changes in 
nursing education have been driven by a greater need for efficiency and safety, and as a 
response to public expectations. These changes also impact on nursing informatics 
education, and nursing informatics is now recognized as appropriate for a profession 
with its own body of knowledge and the ability to regulate itself. One of the changes in 
nursing, and therefore nursing informatics education is the introduction of competency 
based education, where knowledge, skills and attitudes are considered important to 
guide developing RNs. Having internationally agreed, clearly articulated nursing 
informatics competencies, may address a lack of nursing informatics awareness and 
skills in the nursing workforce, and the need for continued nursing informatics 
leadership within the profession.   
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Abstract. Nursing informatics competencies are fundamental to nursing practice 
in all areas of nursing work, including direct patient care, administration and 
education. The recent activity relating to the development of nursing informatics 
competencies for beginning level nurses has exposed a paucity of understanding of 
the requirements for nursing informatics competencies for nurse educators. So, 
whilst the challenge of educating faculty to teach informatics has been limited, 
research into such competencies is required to meet this challenge. This paper 
describes the challenges and issues associated with nursing informatics 
competency development for faculty, outlines the capabilities of faculty, and 
presents a vision for the future of informatics education for faculty. The final 
requirement of the introduction of new competencies is to determine appropriate 
evaluation measures that reflect the requirements of all stakeholders. 

Keywords. Informatics, competency, nurse educator, curriculum, health 
information technology 

1. Introduction 

Nurses’ informatics competencies have been studied for over ten years [1-3]. There 
exist several studies that outline expected nursing manager’s informatics competencies 

[4-6]. Also, nutrition informatics competency studies have been published [7]. 
Different requirements for nursing programs and curriculums have been introduced 
[8, 9], including those focusing on informatics [10]. Yet, a consensus among nurse 
educators regarding informatics competencies has not been reached. In addition, the 
identification of specific competencies, such as informatics competencies, have yet to 
be connected to specific areas of practice. Finally, the informatics competence of the 
faculty members has seen limited research, although this is deemed to be a critical 
factor limiting the development of informatics abilities in the workforce. The objective 
of this paper is to: (1) describe some of the challenges and issues associated with 
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nursing informatics competency development among faculty, (2) outline the 
capabilities of faculty, and (3) present a vision for the future of informatics education 
for faculty into the future. 

We begin by defining the term competency and some of the nursing initiatives 
aimed at developing nursing informatics competencies. A competency refers to skills, 
knowledge, values, and attitudes [11]. Early attempts to develop nursing informatics 
competencies include the TIGER Initiative, Technology Informatics Guiding Education 
Reform, which began in 2004 to develop strategies and actions to improve nursing 
practice, education, and care with the aid of health information technology (HIT). The 
Tiger Summit [12] produced several recommendations for education. These include the 
need: (1) for informatics competencies for all levels of nursing education including 
undergraduate and graduate, (2) for nursing informatics competencies for education 
and practicing nurses, (3) to strike an educational committee to examine the integration 
of informatics throughout the curriculum, (4) to develop informatics specialty 
programs, and (5) to evaluate the baseline and the changes in informatics knowledge 
among nurse educators. It has also been highlighted that nursing education must be 
enhanced because of a constantly changing health technology environment. This is 
among the objectives and actions of the IMIA-NI Education Working Group [13] 
whose mandate is to review the scope of nursing informatics and its implication for 
nursing education. 

The lack of knowledge about eHealth, its advantages and potential benefits for 
users is a significant educational challenge. The challenge includes teaching and 
steering not only citizens and patients, but also health care professionals [14]. Teaching 
health informatics and using electronic health record systems in education cannot be 
dependent on a teacher’s or other faculty members’ competencies alone. There is a 
need for investment by professional associations, universities and colleges in providing 
the educational opportunities and tools (e.g. electronic health records) so that faculty 
and students can learn about informatics [15, 16]. This is essential for nurse educators 
to develop informatics as a core competency [17, 18]. In addition to this, there is a need 
for nurse educators’ informatics competencies to be more fully attended to [9, 19]. The 
final documents of specific nurse educator competencies have not been published by 
Tiger Initiative [20].  

2. Challenges for nurse educators in nursing informatics 

In informatics, the issues of state education and competence have been touched upon in 
studies examining competence in informatics or linking informatics to nursing 
curricula [21]. This has occurred in conjunction with an expanding focus on simulation 
pedagogy [21]. Curran [21] highlighted a concern in practicing new nursing skills, such 
as entering data into a patient record system and related competence in education and 
nursing. A number of nursing skills are emphasized in the field of nursing, but nursing 
informatics has not gained an independent domain where nursing education is 
concerned. Informatics has traditionally been treated as separate in terms of knowledge 
and skills. 

Studies of health educators' have primarily focused on comprehensive work as 
educators and been concerned with examining the area of expertise in teaching or 
central fields of competence, such as leadership and cooperation skills. Several studies 
present the challenges for nursing and health care education, which should be paid 
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attention to in order to receive high-quality teaching and patients’ customer-oriented 
safe care [20, 22, 23]. The adoption of new knowledge and education for changes in 
electronic systems and used programmes in health care require new nurse educator 
skills in informatics, the development of an informatics knowledge base, information 
retrieval and information management competencies [19, 23]. To illustrate this, 
Rajalahti’s 2014 extension of Curran’s framework is useful (see Table 1). 

  
Table 1. Curriculum work and health educator's area of required competencies in informatics and 
competencies with an emphasis on informatics [19] 

Curran's framework (2008) Evidence (studies and reports) 
supporting decision-making 

The area of competencies in 
informatics and areas of 
competencies with an emphasis 
on informatics 

Theoretical background Theoretical background of 
informatics  

Area of competencies in 
informatics 
a) Knowledge base of informatics 
b) Adoption of informatics tools 
and devices 
c) Nursing information 
integration management 

Skills and knowledge in applying 
informatics 

Skills and competence of 
informatics  

Competence in integrating 
knowledge of informatics 

Informatics integration  

Caring  Patient safety care  Patient-centered care 

Implementation of learning and 
teaching 

Evidence based working, 
investigative work  

Research, development and 
innovation activities 

Implementation of learning and 
teaching  

Knowledge management, self-
management  

Leadership and curriculum work  

Human personal activities and 
competence, such as cooperation 
skills 

Networking  Work in networks and 
management of network 
processes 

Learning how to learn. eLearning and teaching in 
different environments  

Environments for implementing 
eLearning, different environments 
for learning nursing.  

 

First, attention must be paid to the continuous changes in information management, 
where digital data in information systems, e-health solutions in the mobile systems, and 
health technology devices set the requirements. It is imperative that health educators 
understand the importance of, and are supported in, keeping pace with informatics 
related change and the implications for their students in practice. Secondly, education 
should produce new methods and models efficiently, economically and effectively [23]. 
Third, research and development competence sets challenges for health educators in a 
situation in which new applications and techniques are constantly being developed [22-
24]. Competence in using research is the challenge [23, 24]. Constantly regenerated 
research data set up a challenge for the knowledge-intensive nature of health care. 
Rajalahti’s [19] literature review and dissertation research have led to the development 
of competency recommendations in informatics and informatics competencies that 
focus on the nurse educator (Table 1).  

In summary student nurses need to learn about health information technology 
(HIT) as part of their education and practice. Informatics must be a fixed part of today's 
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nursing curriculum. For nursing students to be prepared to use HIT, faculty must 
require the use of current technology as part of class work. To meet these required 
informatics competences and rapid changing challenges in health care, nursing 
education programs and curriculum work as well as nurse educators working in 
university and college settings must have flexible model of dynamically building new 
informatics competences. 

3. Should we be talking about competencies or capabilities for Nurse Educators? 

Bromley states [25 (110)]: “the terms competent, competence, competency and 
competencies have often been interpreted as the same thing. It has been implied that 
competency ‘is’, whereas competencies are the skills to be assessed and, if successful 
in demonstrating these competencies, the nurse can be deemed competent”. This is 
confirmed by Phelps et al.’s [26] work that suggests that competencies represent a 
simplicity of task, are prescriptive and best suited to less challenging and more stable 
environments than those experienced by advanced nurses or nurse educators. Watson 
[27] describes competencies as descriptions of abilities that do not necessarily require a 
high level academic achievement and considers this to potentially be an inappropriate 
term for nursing education skills [27]. So, whilst university undergraduate curricula 
must account for the core competencies it remains essential that informatics 
competencies are considered at a minimum level and higher level skills are 
incorporated, particularly in advanced education [28]. 

The current debate in nursing education tends to use the term capability for 
advanced nursing skills, including nursing education. The term capability can be used 
to reflect or measure the expertise of nurses who demonstrate skill levels above the 
entry level. Capability reflects individual’s demonstrating self-efficacy and taking 
responsibility for their actions and education [29, 30]. According to Bromley [25 (110)] 
capability also “promotes the pursuit of excellence in the development, acquisition and 
application of knowledge and skills”. 

In Europe, the competences have been defined in accordance with the 
recommendation of EQF (European Qualification Framework) [31]. The base of the 
framework is the competence comparability with 8-level criteria. EQF and these levels 
make qualifications more readable and understandable across different countries and 
systems in Europe. The European higher education structure emphasizes a holistic view 
of competence. The base of the definition for competences lies in the knowledge, skills 
and qualifications, which can be seen as a result of learning (a learning outcome). 
These point of view emphasize understanding, values, knowledge and its application. 
The perspective of competence required is based on the profession and society that are 
part of working life; i.e. the individual's ability to take advantage of their knowledge, 
different skills, and a combination of qualifications [19, 31]. 

4. Next steps  

Irrespective of whether we are establishing nurse educator informatics competencies or 
capabilities, it is essential that effort now turns to the design and development of an 
evidence-based informatics curriculum for nurse educators. Currently, many nurse 
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educators are under prepared in the requisite skills to use or demonstrate informatics 
technologies. Whilst they are familiar with a wide range of educational technologies, 
these educational technologies differ significantly from the technologies that are 
associated with HIT and nursing informatics. The nursing educators’ challenge of 

incorporating informatics into curricula was observed in 2010 by Flood and colleagues 
[32]. However, there continues to be a lack of research on strategies to effectively teach 
informatics. 

As was experienced when learning technologies were introduced into nursing 
education, there is significant interest from educators about including informatics in 
their curricula, but time constraints and confidence can limit active adoption. 
Universities and colleges need to invest in building the skills required by the nursing 
faculty [33], and this work should be motivated by and supported by national nursing 
faculty organizing bodies (e.g. Canadian Association of Schools of Nursing, Australian 
Nursing and Midwifery Advisory Council) [34]. Therefore, development of faculty’s 

skills in informatics education must be supported by the educator’s department as part 

of standard professional development requirements.  
Health takes place in the everyday lives of individuals so the importance of 

connectivism, as described by Honey and Proctor in section A chapter 3, is elementary 
in that nurses need to know how to relate context to their information acquisition and 
sharing to ensure relevancy for their clients. This skill needs to be conveyed throughout 
undergraduate nursing education and so it is important that educators have expertise in 
assisting individual students to form networks for learning and to draw upon others’ 

experiences, including their clients. It is also important that new graduates appreciate 
the diversity of clients and their wide range of understandings and desires in relation to 
informatics. For example, some clients will embrace new technologies in their health 
care whilst others may shun them. It is the nurse’s role to support their client in their 

personal choices. Therefore, the nurse educator needs to include advocacy in relation to 
the use of technology as part of nursing education. 

5. Implementing and evaluating education  

Related to this is the need to develop a means of measuring and understanding the 
impact of nurse educator education on the teaching of nursing informatics students and 
ultimately outcomes in practice etc. There currently exist several projects 
internationally that attempt to support faculty development and integration of nursing 
informatics competencies into curricula. For example, the Canadian Association of 
Schools of Nursing [34] has developed nursing informatics competencies, educational 
resources and a national faculty peer-leader network that has conducted group (i.e. 
workshops, presentations) and individual learning activities with nursing faculty 
(individualized educational and one-on-one support sessions) across Canada. The work 
has been evaluated using surveys of participating faculty.  

In Finland, nationally the 100% of electronic patient record system coverage and 
the implementation of National Patient Data Repository has influenced demands for 
integrating nursing informatics competencies in both nursing and nurse educator 
education. Documentation and general informatics for nurse educators was enhanced 
and training conducted in 2008-2010 through the eNNI project (Electronic 
Documentation of Nursing Care – Research and Development for Creation of Nursing 
Informatics Competences in Cooperation with Education and Work life). Based on the 
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project, a national network for nurse educators was established to develop nursing 
informatics competences [19]. 

In Australia, whilst the recent Registered Nurse Standards for Practice [35] and 
Continuing Professional Development [36] support the Australian Nursing and 
Midwifery Accreditation Council mandate that all undergraduate curricula must 
include nursing informatics [37], there has been limited engagement in the 
development of policies around the requirement for nurse educators to have informatics 
skills. In fact, the first set of informatics competencies for nurses was released through 
the Australian and Nursing and Midwifery Federation National Informatics Standards 
for Nurses and Midwives in early 2016 [38]. Whilst these standards have merit and 
provide direction regarding expectations for competence of nurses in informatics they 
are not yet ratified by any of the national professional nursing bodies. However, 
individual universities have commenced the development of courses for nurse 
educators in nursing informatics [39]. 

Ultimately the result of nurse educator competencies in nursing informatics needs 
to be measured in terms of all stakeholder groups. This involved evaluation of not only 
the faculty responses or increased confidence and capacity to teach informatics skills to 
their students. There must be concurrent research and evaluation of changes in new 
graduate knowledge and capability in using HIT when entering the workforce, and 
evaluation of whether the employing organizational needs are being met by the new 
graduate skills.  

6. Conclusion 

Progress in the development and implementation of nursing informatics competencies 
for nurses has gained increasing traction in most countries, but the teaching of these 
competencies and their inclusion in curricula is dependent upon the skills and 
knowledge of the faculty members who teach these components. Attention needs to 
shift to the development of faculty to deliver the informatics skills to assist their 
students to meet the required competencies. Rajalahti [19] has proposed a set of 
competencies for nurse educators to assist them in becoming confident and capable of 
delivering the nursing informatics knowledge to ensure their students achieve the 
appropriate level of competencies. Education for faculty must agile to enable them to 
cover the range of rapidly changing HIT and must be supported by their organizations. 
The final requirement is an evaluation strategy that considers all stakeholders in the 
evaluation. Evidently once nurse educator competencies have been finally agreed the 
subsequent piece of research required is to develop a robust evaluation framework to 
ensure the needs of all parties is being met. 
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Abstract. Internationally, countries are challenged to prepare nurses for a future 

that has ever increasing use of technology and where information management is a 

central part of professional nursing practice. There has been a growing trend to 

move nursing to competency-based education, especially for those students 

undertaking their first nursing qualification. This first nursing qualification may be 

linked to pre-registration, pre-licensure or undergraduate education; the term used 

depending on the country. The authors are drawn from the International Medical 

Informatics Association special interest group, Nursing Informatics (IMIA-NI) 

Education Working Group and represent New Zealand, the United States of 

America, England, Australia, Finland and Canada.  

Keywords. Nursing education; undergraduate; pre-licensure 

1. Introduction 

Every country faces the challenge of preparing nurses for entry to practice in a 

changing world where an ageing population, shortage of qualified nurses, increased 

longevity and incidence of long term conditions occurs alongside technological 

developments and opportunities for effective use of information and communication 

technologies to support nursing care. The use of competency based nurse education is 

seen as a move to ensure future nurses are prepared to be active participants in complex 

health care systems. Each country struggles to satisfy demand within an environment of 

reduced funds and resources. With the requirement to maximize effectiveness the focus 

is drawn to effective information management and the use of technology to become 

part of daily nursing practice. 

The initial educational preparation of nurses varies between countries in relation to 

the length of the course or programme of education, place of education and the mix of 

theory and clinical within the curriculum. Additionally, the initial nursing education is 

known by different terms depending on the location and country. For example, the 

United States uses the terms pre-licensure and baccalaureate, where New Zealand uses 
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the terms undergraduate. While the terms may vary, the focus is on the early education 

that allows for entry to practice that culminates in becoming a registered nurse. 

Competency-based education has attracted renewed attention and is a growing 

trend internationally. It is defined as “education that derives a curriculum from an 

analysis of a prospective or actual role in modern society and that attempts to certify 

student progress on the bases of demonstrated performance in some or all of the aspects 

of that role” [1]. The Quality and Safety Education for Nurses (QSEN) project 

describes competencies as including knowledge, skills, and attitudes that are necessary 

to continuously improve the quality and safety of the healthcare systems within which 

they work [2]. Nursing informatics competencies are explicitly described in some 

countries curricula [3, 4], while others are less clearly stated [5].  

The authors are drawn from members of the International Medical Informatics 

Association special interest group, Nursing Informatics (IMIA-NI) Education Working 

Group and presents a global view as each briefly describes their representative 

country’s status on the development and use of informatics competencies in their 

education of student nurses.  

2. New Zealand 

New Zealand is a small country with 4.7 million people and nearly 50,000 registered 

nurses [5]. In New Zealand there are 17 schools offering three year Bachelor of 

Nursing programmes and these are accredited by the national nursing statutory and 

regulatory body, Nursing Council of New Zealand [5]. At the undergraduate level 

nursing informatics has been recognised as important since the early 1990s when Jan 

Hausman wrote the national nursing informatics curriculum [6]. The current 

competencies identified by the Nursing Council are broadly stated as “Demonstrate the 

skills needed to acquire, understand and assess information from a range of sources” 

and “the use of information technology and health information management” [7]. 

However, the way these competencies are incorporated into each school’s nursing 

curriculum varies, with some being more explicit than others, with an integrated 

curricula approach being more common. Evidence based practice is seen as a 

fundamental attribute of a Registered Nurse, and resources to support evidence based 

practice are accessible through schools of nursing, clinical intranets and the internet. 

Additionally, each School of Nursing provides a description of the profile of their 

graduate and information literacy is commonly identified as a degree programme core 

competency.  

A more pressing concern in New Zealand has been nurses developing informatics 

knowledge and skills post registration. Health Informatics New Zealand (HiNZ), as the 

independent national health informatics organization, established a working group who, 

drawing on international guidelines and experience, developed a list of health 

informatics competencies for New Zealand health professionals [8]. Core competences 

identified were: health domain knowledge, social/ethics/legal aspects of health 

information technology (HIT), basic computer science, basic data management, clinical 

information systems (IS), basic health IS/IT management and health informatics 

concepts [8, 9]. Free introductory health informatics workshops for clinicians, 

sponsored by the government, and conducted by HINZ, have been offered around the 

country with the aim of raising awareness of the importance of the field of health 
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informatics, the competencies involved and the requirements and opportunities for 

upskilling or advancing learning in this area. 

3. United States of America 

As of 2016, there were over 3.1 million registered nurses active in the workforce [10]. 

Most recent estimates, there are approximately 150,000 new registered nurse graduates 

per year [11]. Approximately 55% of the nursing population hold baccalaureate degrees 

or higher [12]. Associate degree nurses represent the remaining percentage [12]. The 

US has set a goal that 80% of all registered nurses will have a baccalaureate degree by 

2020. Yet, in 2014 close to 69,000 suitably qualified potential students were turned 

away from nursing baccalaureate and graduate programs due to faculty shortage, lack 

of clinical sites and preceptors [13].  

Nursing informatics competencies have evolved since the early days of computer 

literacy. Although there were several studies identifying the necessary knowledge and 

skills needed by nurses there was very little momentum to incorporate these into 

nursing education. Several driving forces helped to facilitate the adoption of 

informatics competencies in the nursing curriculum. An Institute of Medicine report 

[14] documented the need for all health care professionals to have the following five 

core competencies to practice in today’s health care system: provide patient-centered 

care, work in interdisciplinary teams, employ evidence based practice, apply quality 

improvement and utilize informatics. In this report, informatics tools are considered 

essential for communication, management of information and knowledge, mitigation of 

error, support for decision-making and health care interventions. 

In 2004, the establishment of the federal Office of the National Coordinator of 

Health IT, created the “decade of Health IT” in the United Sates. This initiative to 

promote the widespread adoption of Electronic Health Records, foster health 

information exchanges and advance consumer engagement in their health care served 

as a foundation for the development of the Technology Informatics Guiding Education 

Reform (TIGER) initiative [15]. The goal of TIGER is to ensure that all nurses, in 

current practice as well as the next generation, will have the necessary knowledge and 

skills to fully engage in the unfolding digital era of health care [16]. A corresponding 

initiative funded by Robert Wood Johnson was The Quality and Safety Education for 

Nurses (QSEN) project [2]. Both the TIGER and QSEN initiatives paved the way for 

professional nursing organizations, such as the National League for Nursing and the of 

American College of Nursing, to examine the necessary knowledge and skills needed 

for the preparation of future nurses. The National League for Nursing released a 

position statement, Preparing the next generation of Nurses to Practice in a 

Technology-Rich Environment: An Informatics Agenda [17], calling upon educators to 

incorporate the necessary informatics knowledge and skills within nursing curricula. To 

do this, it was important to prepare faculty to gain competencies in informatics. To this 

end, the Division of Nursing, Department of Health and Human Services, funded nine 

Faculty Development Collaboratives to prepare faculty to incorporate technologies into 

their curriculum including informatics and telehealth.  

The American Association of Colleges of Nursing (AACN) sets standards for 

nursing education and informatics criteria is written for all levels including 

Baccalaureate, Master’s and Doctorate of Nursing Practice (DNP). For those preparing 

at the prelicensure level, the Essentials of Baccalaureate Education for Professional 
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Nursing Practice [3] delineates competencies related to the use of patient care 

technologies to support care, the use of decision support systems to guide practice, 

understand and use standardized terminologies to reflect nursing’s unique contribute to 

patient outcomes, and to ethically manage and process data, information and 

knowledge to support safe and quality patient care. As a standard for pre-licensure 

competencies, this document serves as one of the foundational component of 

accreditation of a nursing education program. 

4. England 

The United Kingdom (UK) is divided into four countries, England, Wales, Scotland 

and Northern Ireland. England is the largest of the four countries with a population of 

more than 60 million. There are around 308,000 nurses (including midwives and health 

visitors) in England [18]; student nurses attend a three year undergraduate programme 

at one of the 56 accredited universities, annually there are around 30,000 undergraduate 

student nurses. The UK Nursing and Midwifery Council (NMC) is the statutory and 

regulatory body which sets pre-registration (undergraduate) competences required to be 

met to register as a nurse in the UK; the most recent competency requirements are set 

out in the NMC Standards for pre-registration nursing education [19]. Two relevant 

core competencies are highlighted in the standards: those around record keeping and 

information governance, with the latter mandatory from 2014. In addition, the use of 

appropriate evidence to support practice is widely included. By December 2016 it is 

expected that there will be the introduction of a new information, data and technology 

knowledge and skills framework which will be aimed at all levels of the health, care 

and social care workforce to enable enhanced use of digital technologies to 

commission, deliver, support, evaluate and audit health and social care [20]. 

In May 2016 a framework for nursing, midwifery and care staff was published by 

NHS England titled ‘Leading Change, Adding Value’ [21]. Within the framework there 

are ten commitments and one of these identifies the need for nurses, midwives and care 

staff to “champion the use of technology and informatics to improve practice”. There 

are also associated education measures to support this commitment, namely: 

• Provide learning that enables staff to maximize the benefits of innovations in 

technology and informatics;  

• Construct training and education to build the knowledge and confidence to 

utilize technology;  

• Raise awareness of the benefits that telehealth, telecare and information 

management can bring to improve effectiveness; and to 

• Consider developing new roles in the leadership of informatics such as a 

career pathway for nurse informaticians leading to chief nurse information 

officer roles. 

The framework provides a national strategic direction and operational guidance 

which will enable this commitment to be realised with education, from undergraduate 

through to continuing professional development, taking a leading role. 
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5. Australia 

The increasing focus on Australia’s e-health agenda requires a national approach to the 

development of competencies in informatics for nurses and the integration of these into 

nursing curricula. With an estimated 344,190 registered nurses in Australia [22], 

nursing is the largest single group of health professionals who directly influence the 

quality and outcomes of health services. A study of Australian nurses and information 

technology reported that nurses generally are poorly prepared to engage with 

information technology in their practice. The study reported that almost two thirds of 

nurses had not received any formal training in basic software applications and of the 

90% of nurses who used computers or other information technology applications, only 

one third had any formal training [23]. These outcomes supported the urgent need for 

nurses to have nursing informatics professional competency standards developed with a 

project (2009-2011) being funded by the Australian Government Department of Health 

and Ageing (DOHA) and managed by the Australian Nursing Federation (ANF). 

Queensland University of Technology (QUT) was contracted to undertake the research 

and development of the Australian Nursing Informatics Competency Standards. These 

Standards were published in 2015 by the Australian Nursing and Midwifery Federation 

(ANMF) [24].  

There are 31 accredited universities offering a three year Bachelor of Nursing 

degree which are to meet the national accreditation standards of the Australian Nursing 

and Midwifery Accreditation Council (ANMAC) [25] which is part of the Nursing and 

Midwifery Board of Australia (NMBA) [26] which is governed by the Australian 

Health Practitioner Regulation Agency (AHPRA) [27]. Currently in Australia, ‘health 

informatics and health technology’ (Standard 4: Program content supports the 

development and application of knowledge and skills) is the only aspect included as 

part of the national standards for accreditation by all schools of nursing leading to a 

Bachelor of Nursing degree. The 2006 national Registered Nurse Standards [28] have 

been reviewed and the new Registered Nurse Standards come into effect from June 1st 

2016. However from the viewpoint of nursing informatics, in the 2006 Registered 

Nurse Standards there were only two criteria that broadly related back to nursing 

informatics; a) “accurately uses health care technologies in accordance with 

manufacturer’s specification and organisational policy” and b) “records information 

systematically in an accessible and retrievable form” [28]. The reviewed Registered 

Nurse Standards for Practice [29] have no mention of any specific aspects of nursing 

informatics, hence the critical need for the Australian Nursing Informatics Competency 

Standards [24] to provide the profession with a set of standards that all registered 

nurses in Australia must meet. All educational courses in Australia have to meet the 

Australian Quality Framework (AQF) Standards and Criteria(30] with all Australian 

Bachelor Degrees meeting AQF Level 7 criteria. Therefore, Bachelor of Nursing 

degrees have to meet AQF, AHPRA and NMBA standards and criteria for registration 

as a Registered Nurse in Australia. 

6. Finland 

Finland has about 5.5 million people and nearly 51,000 registered nurses. There are 23 

schools offering three and half year Bachelor of Nursing programmes and these are 

based both on the statutory and European (EQF) and National Qualification Framework 
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(NQF). The framework provides an instrument for the classification of qualifications 

according to a set of criteria for specified levels of learning achieved which aims to 

integrate and coordinate national qualifications subsystems and improve the 

transparency, access, progression and quality of qualifications in relation to the labour 

market. Nursing informatics is included in the Innovation and Working Community 

Competency. Each nursing school implements nursing informatics studies into sub-

competencies and there are variations in curricula. At the bachelor level nursing 

informatics penetrates the whole nursing curriculum, as themes e.g. information 

management, documentation, electronic patient records, data security and data 

protection. There are also practice focused master programmes in nursing informatics 

and health technology content is included. The Finnish Nursing Association (FNA) 

aims to increase the standing of the profession of nursing by offering services that help 

develop professional skills and expertise in the field of nursing informatics and e-

Health. The FNA’s e-services provide effective tools to carry out evidence-based 

nursing and access to various databases. In mid-2015 the FNA studied nurses’ (n=464) 

use of and attitudes related to technology use. Over 90% used technology in their work, 

most commonly within electronic patient records, decision making systems and various 

medical devices [31]. The newest innovations like games for health, virtual clinics or 

robotics are gradually coming part of nurse’s work. There is a constant need and also a 

challenge to offer updated education for nurses. The FNA enhances nursing informatics 

and e-Health by providing the opportunity for nurses with many-sided ‘e-health -

working experience’ to apply for the diploma of Special Qualifications in Nursing 

Informatics and eHealth [32]. FNA celebrated its 90th anniversary in 2015 and in 

January 2016, the FNA launched their first National e-Health Strategy for Nurses [32]. 

Finnish nurses are keen to keep abreast of the times in developing the digitalisation in 

health. The FNA’s eHealth strategy includes informatics competencies. Furthermore, 

there are three aspects of expertise: knowledge, skills and competence. Nurses’ training 

involves five areas of expertise: learning, ethics, workplace skills, innovations, and 

internationalisation. The production of eHealth services concerns all these areas. More 

specifically, workplace skills refer to smooth operations in workplace communications 

and interaction, as well as the ability to utilise many aspects of Information and 

Communication Technology (ICT) and networks. Innovation expertise means that 

nurses are able to develop creative problem solving and work methods, the proficiency 

to work on diverse programmes and know-how to carry out research and development 

projects. Nurses also know how to apply existing knowledge and methods in their field 

and know how to look for financial and client-oriented solutions.  

7. Canada 

The vast geography of Canada is home to more than 34 million people and more than 

360,000 regulated nurses (Registered Nurses, Registered Practical Nurses, and 

Registered Psychiatric Nurses). Of those regulated nurses, more than 270,000 are 

registered nurses and graduates of one of 135 schools of nursing. In 2003 less than 30% 

of all schools reported having any informatics content, theoretical or applied, integrated 

into their basic entry to practice programs [33]. A decade later, anecdotal evidence 

suggests that the lack of informatics integration remains relatively the same. In 2011 

the development of nursing informatics competencies for new graduates was initiated 

with the support of the Canadian Association of Schools of Nursing (CASN) and 
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funding from Canada Health Infoway. Rationale for this included: 1) limited 

informatics content in existing nursing curricula, 2) the need for entry-to-practice 

nursing competencies reflecting the skills and knowledge needed to work in Health 

Information Technology (HIT) enabled practice environments, 3) the lack of shared 

understanding and consensus among educators on required informatics competencies 

for entry level practice and 4) the need to better prepare registered nurses to practice in 

increasingly data, information and technology rich environments. In 2012, CASN 

published national, consensus-based entry to practice informatics competencies for 

adoption by all Canadian Schools of Nursing, and followed this with the development 

of a Faculty Learning Resource and Teaching Toolkit to support the integration of 

informatics into core curricula [34]. Additional details of these development activities 

have been described elsewhere [35]. 

An underlying premise of the competencies is that students entering schools of nursing 

at the undergraduate level will possess basic computer literacy as it relates to the use of 

generic applications and devices (e.g., word processing, email, smart phones and 

computers). The competencies are subsumed by a single over-arching competency 

statement: Uses information and communication technologies to support information 

synthesis in accordance with professional and regulatory standards in the delivery of 

patient/client care. The following three competencies have been identified:  

1) Information and knowledge management - Uses relevant information 

and knowledge to support the delivery of evidence-informed patient care.,  

2)�Professional and regulatory accountability - Uses ICTs in accordance 

with professional and regulatory standards and workplace policies. 

3) Information and communication technologies - Uses information and 

communication technologies in the delivery of patient/client care.�

Each of these competency domains has been further elucidated with specific outcome 

indicators which can be used to determine whether each competency has been 

achieved. For example: a) Performs search and critical appraisal of on-line literature 

and resources (e.g., scholarly articles, websites, and other appropriate resources) to 

support clinical judgement, and evidence-informed decision making and b) 

Demonstrates that professional judgement must prevail in the presence of technologies 

designed to support clinical assessments, interventions, and evaluation (e.g., 

monitoring devices, decision support tools, etc.).  

The entry-to-practice informatics competencies for registered nurses and the 

associated toolkit have been widely disseminated to all Canadian schools of nursing, 

are available on the CASN web-site for free download [34], and have also been shared 

as an online resource to subscribers of the TIGER (Technology Informatics Guiding 

Education Reform) Virtual Learning Environment (VLE).  

Efforts to continue the dissemination and integration of the informatics 

competencies into the undergraduate curricula of Canadian schools of nursing are 

currently underway. An initiative launched in the winter of 2015 included nursing 

faculty outreach and mentoring by the designation of ten digital health faculty peer 

leaders from the east to west coast of Canada. Each faculty peer leader led a variety of 

educational sessions, webinars, workshops and one-on-one mentoring with nursing 

faculty. In addition, a faculty resource for the teaching of Consumer Health Solutions 

was developed, published and disseminated to schools of nursing. Data were gathered 

from peer leaders and their mentees pre and post-implementation of this initiative and 

indicate the merits of continuing the peer leader strategy to advance curricula 

integration of informatics. 

M.L.L. Honey et al. / Nursing Informatics Competencies for Entry to Practice 57



8. Discussion 

The above description provides an overview of how informatics competencies are 

addressed in six countries. These examples have the potential to be a useful resource 

for informatics professionals and nursing curriculum developers as they strive to meet 

the challenge of including, and then ensuring students meet the nursing informatics 

competencies in their entry to practice education.  

While the reports from six countries shared above indicate variety in how nursing 

informatics competencies are articulated and implemented in nursing education, it also 

highlights that despite the differences between the countries there is also a shared 

concern on how to educate and prepare nurses for a technology rich healthcare 

environment. The differences in the nursing informatics competencies vary 

considerably. For example, the American Association of Colleges of Nursing, under 

the item they identify as Essential IV: Information Management and Application of 

Patient Care Technology state, “Graduates must have basic competence in technical 

skills, which includes the use of computers, as well as the application of patient care 

technologies such as monitors, data gathering devices, and other technological supports 

for patient care interventions. In addition, baccalaureate graduates must have 

competence in the use of information technology systems, including decision support 

systems, to gather evidence to guide practice" [3]. This detailed requirement is in 

marked contrast to the brief statement from New Zealand regarding nurses needing to 

be competent in “the use of information technology and health information 

management” [7]. Both of these differ again with the European Health Information 

Technology Competencies [36] which under the heading of General 

Knowledge/System Use have the baseline competency for the nurse of “Being able to 

use technology appropriate to your role and work environment” and being “aware of 

the various types and components of health information/eHealth systems”. 

Furthermore, these three examples of competencies are difficult to assess. Some 

suggest that assessment drives learning [37], and so the challenge is how can educators 

measure or assess attainment of nursing informatics competencies.  

Despite having created, document and shared nursing informatics competencies 

within a country or region, the competencies may not be fully adopted and taught in all 

schools of nursing. This issue highlights the need for suitably qualified faculty who 

will champion nursing informatics as a subject and are available to teach students [38, 

39]. 

An international approach to health is well recognized as important for future 

developments due to the commonalities in issues such as meeting the increasing 

demand for health care services and reducing the rising cost of those services [40]. This 

can be extended to healthcare education, which may also benefit from collaboration 

with a global approach through sharing insights, educational opportunities and 

resources [41, 42]. The notion of having an internationalised nursing curriculum has 

been raised [43, 44], and if this was ever to come to fruition, nursing informatics would 

ideally be included. The concept that nursing informatics is a concern beyond the 

borders of any one country has some appeal as having such a standardised approach 

may help to ensure that nurses throughout the world are prepared to the highest levels, 

and are well placed to support global health.  
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9. Conclusion 

This chapter presents six country’s use of informatics competencies for student nurses 

and as such shows a range of approaches. The use of international networking, 

information share and learning among nurses is still in its infancy. What remains clear 

is that much work remains to achieve full integration of core informatics competencies 

into nursing curricula. Additionally, the challenge to engage nursing faculty in this 

work requires multi-faceted approaches to develop the competency and comfort of a 

majority of nurse educators. The state of nursing informatics within each country 

varies, and it would seem that no one approach is better than another. Rather the 

challenge is finding a way forward that fits with local drivers and initiatives to 

strengthen the early stages of nursing education so that nurses are well prepared for 

their career which includes making best use of available technology to support their 

practice.  
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The Professional Association’s Perspective 
on Nursing Informatics and Competencies 

n the US 
Carol J. BICKFORDa 

a
 American Nurses Association 

Abstract. The American Nurses Association (ANA) recognized nursing 
informatics as a nursing specialty in 1992, developed the first scope and standards 
of nursing informatics practice in the mid-1990s, and remains the custodian and 
steward of each document revision. Over the past two decades, the definition of 
nursing informatics, scope of practice statement, and framework of the standards 
of practice have evolved to now include a collection of competencies for the 
informatics nurse and informatics nurse specialist. The American Nurses 
Credentialing Center (ANCC), an ANA subsidiary, created and maintains a 
nursing informatics certification program that offers a board certification 
credential to qualified applicants, including international nurse colleagues. Such a 
certification program is intended to assess and publicly recognize competence of 
the informatics nurse. 

Keywords. Nursing informatics, scope of practice, standards of practice, 
competence, certification 

1. Introduction 

The American Nurses Association (ANA), the professional organization representing 
the interests of the 3.6 million nurses in the U.S., provided leadership in development 
of the specialty practice of nursing informatics by engaging nursing leaders from 
academia, practice, and research in thoughtful dialogue about the future of health care 
and how best to assure nursing’s contribution could be identified, evaluated, and 

improved. Because this perspective demanded the knowledge and expertise of those 
nurses interested in the acquisition, codification, analysis, transformation, and 
dissemination of data, information, knowledge, and wisdom, ANA supported the 
development and formal recognition of the nursing specialty practice of nursing 
informatics in 1992.  

2. History of the Nursing Informatics Scope and Standards Documents 

ANA convened a workgroup to develop the 1994 Scope of Practice for Nursing 
Informatics that included a definition identifying that “Nursing informatics is the 

specialty that integrates nursing science, computer science, and information science in 
identifying, collecting, processing, and managing data and information to support 
nursing practice, administration, education, research, and the expansion of nursing 
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knowledge. It supports the practice of all nursing specialties, in all sites and settings of 
care, whether at the basic or advanced level.” [1] Further detailing of the answers to the 
“who”, “what”, “when”, “where”, “how”, and “why” questions addressed in specialty 
nursing scope of practice statements, confirmed the informatics nurse attended to the 
development and evaluation of applications, tools, processes, and structures that assist 
nurses in managing data associated with patient care or the infrastructure supporting 
nursing practice. Nursing informatics practice included adapting or customizing 
existing technology to meet nursing requirements. Interprofessional collaboration with 
other healthcare and informatics professionals was expected in the development of 
informatics products and standards. 

The informatics nurse was expected to hold a bachelor’s degree in nursing and 

have additional knowledge and experience in the field of informatics. Eighteen 
delineated competencies, such as systems analysis, systems design, use of applications 
software, and employment of computer programming tools and utilities in the 
accomplishment of nursing informatics work, were included. The informatics nurse 
specialist’s preparation included a masters’ degree in nursing with graduate-level 
courses in the field of informatics. Seven competencies were identified for this 
advanced level, including developing and teaching theory and practice of nursing 
informatics, consultation practice in the field of nursing informatics, and development 
of strategies, policies, and procedures for introducing, evaluating, and modifying 
information technology applied to nursing practice. [1] 

The following year, ANA published the product of another workgroup, Standards 
of Practice for Nursing Informatics, to further describe nursing informatics practice 
with a detailed framework of standards and accompanying measurement criteria.[2] Six 
standards of practice reflected the implementation of the nursing process of assessment, 
diagnosis, identification of outcomes, planning, implementation, and evaluation in 
nursing informatics practice. In addition, eight standards of professional performance 
addressed characteristics of how nursing informatics was to be conducted, including 
quality of nursing informatics practice, performance appraisal, education, collegiality, 
ethics, collaboration, research, and resource utilization. This resource also included five 
domain standards for the informatics nurse addressing the information system life cycle, 
principles and theory, information technology, communication, and databases. [2] Each 
standard statement had associated measurement criteria that could be used as part of a 
personal performance appraisal and could also inform development of a position 
description. 

ANA convened a new expert panel in 2000 to review and revise the first nursing 
informatics scope and standards documents, resulting in a 2001 combined document, 
Scope and Standards of Informatics Practice. The revised definition of nursing 
informatics reflected evolution of the specialty: “Nursing informatics is a specialty that 

integrates nursing science, computer science, and information science to manage and 
communicate data, information, and knowledge in nursing practice. Nursing 
informatics facilitates the integration of data, information, and knowledge to support 
patients, nurses, and other providers in their decision-making in all roles and settings. 
This support is accomplished through the use of information structures, information 
processes, and information technology.”[3] Note the attention to management and 
communication of data, information, and knowledge in nursing practice that moves 
beyond the original identification, collection, processing, and management activities. 
Changes in focus addressed integration of data, information, and knowledge into 
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decision-making processes that now were completed by patients, nurses, and other 
providers. 

The 2001 scope of practice content more than doubled the content recorded in 
1994, included a new figure and discussion addressing the transformation of data to 
information to knowledge, and introduced ethics content.  The section about the diverse 
roles of the informatics nurse and informatics nurse specialist identified the new roles 
of entrepreneurs and executive level positions in provider and vendor organizations. 
The description of the published Delphi study research of Staggers, Gassert, and 
Curran identifying computer skills, information literacy skills, and overall informatics 
competencies of the beginning nurse, experienced nurse, and informatics nurse was 
another key addition.[4] However, these competencies were not detailed in the 
standards component of this scope and standards edition. 

The 2001 standards only addressed the informatics nurse specialist and included 
new names for the five standards of practice: identify the issue or problem, identify 
alternatives, choose and develop a solution, implement the solution, evaluate and adjust 
solutions. The actual standard of practice statements significantly differed from the 
earlier edition, as did the accompanying measurement criteria. The standards of 
professional performance carried the same titles, included new Standard IX 
Communication, and retained standards statements essentially congruent with the 1995 
edition. The accompanying measurement criteria, not yet identified as competencies, 
were revised to reflect the changing nursing informatics environment. 

The next revision of the document, Nursing Informatics: Scope and Standards of 
Practice (2008), bore an entirely new title in order to better align with the format of 
other contemporary specialty nursing scope and standards publications. [5] The 
definition of nursing informatics remained unchanged except for the addition of 
wisdom in the series “data, information, knowledge, and wisdom” and inclusion of 
consumers in the list of those supported by the informatics nurse in their decision-
making. Rather than identify roles, the workgroup authors elected to discuss the 
evolving and expanding nursing informatics practice within discrete functional areas of 
administration, leadership, and management; analysis; compliance and integrity 
management; consultation; coordination, facilitation, and integration; development; 
educational and professional development; policy development and advocacy; and 
research and evaluation. Inclusion of a two-page competencies matrix addressed the 
competencies identified by Staggers, Gassert, and Curran [4], other authors, and the 
American Nurses Credentialing Center (ANCC) 2007 certification examination test 
content outline. 

The 2008 standards of nursing informatics practice and professional performance 
section presented a new numbering format and revised standards names. The standards 
of practice names again reflected the nursing process steps of assessment, problem and 
issues identification, outcomes identification, planning, implementation [with 
associated standards addressing coordination of activities, health teaching and health 
promotion and education, and consultation], and evaluation. The standards of 
professional performance were reordered and now included education, professional 
practice evaluation (new name), quality of practice, collegiality, collaboration, ethics, 
research, resource utilization, and new standards of advocacy and leadership. 
Accompanying measurement criteria for each standard, not competency statements, 
also addressed additional measurement criteria for the informatics nurse specialist for 
select standards. 
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In 2008 ANA published a position statement about professional role competence 
that served to inform the thinking and decision-making of those developing future 
nursing scope and standards resources and other professional documents. The position 
statement, Professional Role Competence, was reaffirmed in 2014 by ANA’s Board of 

Directors, including the following statements: 
� ‘An individual who demonstrates “competence” is performing successfully at 

an expected level.’ 
� ‘A “competency” is an expected level of performance that integrates 

knowledge, skills, abilities, and judgment.’ 
� “Knowledge encompasses thinking; understanding of science, humanities, and 

professional standards of practice; and insights gained from practical 
experiences, personal capabilities, and leadership performance.” 

� “Skills include psychomotor, communication, interpersonal, and diagnostic 
skills.” 

� “Ability is the capacity to act effectively. It requires listening, integrity, 
knowledge of one’s strengths and weaknesses, positive self-regard, emotional 
intelligence, and openness to feedback.” 

� “Judgment includes critical thinking, problem solving, ethical reasoning, and 
decision-making.”[6] 

These definitions and concepts guided development of the 2010 Nursing: Scope and 
Standards of Practice, Second Edition [7], the professional nursing resource that served 
as the template for future specialty nursing scope and standards documents, including 
the 2015 Nursing Informatics: Scope and Standards of Practice, Second Edition. [8] 

3. Current Nursing Informatics Scope and Standards Document 

Nursing Informatics: Scope and Standards of Practice, Second Edition (2015) provides 
a new definition of nursing informatics: “Nursing informatics (NI) is the specialty that 
integrates nursing science with multiple information and analytical sciences to identify, 
define, manage, and communicate data, information, knowledge, and wisdom in 
nursing practice. NI supports nurses, consumers, patients, the interprofessional 
healthcare team and other stakeholders in their decision-making in all roles and settings 
to achieve desired outcomes. This support is accomplished through the use of 
information structures, information processes, and information technologies.”[8] 

The workgroup authors for this edition identified the informatics nurse to be a 
registered nurse with an interest or experience in an informatics field, most often 
identified as nursing informatics. The informatics nurse specialist is a registered nurse 
with formal graduate-level education in informatics or a related field. [8] 

This edition retains the description of nursing informatics practice categorized as a 
framework of functional areas. These detailed sections include discussion of 
administration, leadership, and management; systems analysis and design; compliance 
and integrity management; consultation; coordination, facilitation, and integration; 
development of systems, products, and resources; educational and professional 
development; genetics and genomics; information management/operational 
architecture; policy development and advocacy; quality and performance improvement; 
research and evaluation; and safety, security, and environmental health. A discussion of 
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several organization’s directives, publications, research initiatives, and repositories 
identifying nursing informatics competencies followed.  

The inclusion of a section discussing ethics in nursing informatics affirms the 
responsibility and accountability of the informatics nurse and informatics nurse 
specialist to adhere to the Code of Ethics for Nurses with Interpretive Statements. [9] 
Each of the nine provisions is cited and further enhanced with a short discussion of 
specific examples of its application in the specialty practice of nursing informatics. 
Because a new edition of the Code of Ethics for Nurses with Interpretive Statements 
was published in 2015, each informatics nurse and informatics nurse specialist is now 
expected to adhere to those provisions and accompanying interpretive statements. [10] 

The 2015 Standards of Nursing Informatics Practice follow the architecture of 
earlier editions with: 

Standards of Practice for Nursing Informatics: 
Standard 1.  Assessment ― The informatics nurse collects comprehensive data, 

information, and emerging evidence pertinent to the situation.   
Standard 2.  Diagnosis, Problems, and Issues Identification ― The informatics 

nurse analyzes assessment data to identify diagnoses, problems, 
issues, and opportunities for improvement. 

Standard 3.  Outcomes Identification ― The informatics nurse identifies 
expected outcomes for a plan individualized to the healthcare 
consumer or the situation. 

Standard 4.  Planning ― The informatics nurse develops a plan that prescribes 
strategies, alternatives, and recommendations to attain expected 
outcomes. 

Standard 5.  Implementation ― The informatics nurse implements the identified 
plan. 

Standard 5A. Coordination of Activities ― The informatics nurse coordinates 
planned activities. 

Standard 5B. Health Teaching and Health Promotion ― The informatics nurse 
employs informatics solutions and strategies for education and 
teaching to promote health and a safe environment. 

Standard 5C. Consultation ― The informatics nurse provides consultation to 
influence the identified plan, enhance the abilities of others, and 
effect change. 

Standard 6.  Evaluation ― The informatics nurse evaluates progress toward 
attainment of outcomes. 

Standards of Professional Performance for Nursing Informatics: 
Standard 7.  Ethics ― The informatics nurse practices ethically. 
Standard 8.  Education ― The informatics nurse attains knowledge and 

competence that reflect current nursing and informatics practice. 
Standard 9.  Evidence-Based Practice and Research ― The informatics nurse 

integrates evidence and research findings into practice. 
Standard 10.  Quality of Practice ― The informatics nurse contributes to quality 

and effectiveness of nursing and informatics practice. 
Standard 11.  Communication ― The informatics nurse communicates effectively 

in a variety of formats in all areas of practice. 
Standard 12.  Leadership ― The informatics nurse demonstrates leadership in the 

professional practice setting and the profession. 
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Standard 13. Collaboration ― The informatics nurse collaborates with the 
healthcare consumer, family, and others in the conduct of nursing 
and informatics practice. 

Standard 14.  Professional Practice Evaluation ― The informatics nurse evaluates 
his or her own nursing practice in relation to professional practice 
standards and guidelines, relevant statues, rules, and regulations. 

Standard 15.  Resource Utilization ― The informatics nurse employs appropriate 
resources to plan and implement informatics and associated services 
that are safe, effective, and fiscally responsible. 

Standard 16.  Environmental Health ― The informatics nurse supports practice in 
a safe and healthy environment. [8] 

Unlike earlier editions, each standard includes accompanying competency statements 
for all informatics nurses and in many instances additional competencies for the 
informatics nurse specialist. The competencies have been constructed to include only 
one verb to facilitate easier evaluation that confirms the informatics nurse or 
informatics nurse specialist demonstrates competence. 

As part of its responsibility to update specialty nursing scope and standards 
resources, ANA will convene a new workgroup in 2019 to review and revise the scope 
and standards document to describe the scope of contemporary nursing informatics 
practice, standards of practice and professional performance, and requisite 
competencies. The expert workgroup will complete an environmental assessment of 
nursing informatics practice and confirm the standards and appropriate competencies to 
include in the next edition. 

4. Nursing Informatics Certification Program 

While ANA developed and then formally recognized nursing informatics as a nursing 
specialty with an identified scope of practice statement and standards of nursing 
informatics practice, its subsidiary, the American Nurses Credentialing Center (ANCC) 
engaged in parallel efforts to develop a nursing informatics certification program. 
These efforts included creation of an expert panel, test content outline, pool of test 
questions, and a valid and reliable examination for qualified applicants to become 
board certified in nursing informatics. Such certification was intended to assess and 
publicly recognize professional competence. The initial cohort of nursing informatics 
applicants sat for the first ANCC computer-based test in December 1995 and received 
notification of their exam status in the first quarter of 1996. 

ANCC now uses regularly scheduled role delineation studies to assess the 
characteristics of contemporary nursing informatics practice, convenes its content 
expert panel of volunteer certified informatics nurses to review and revise the test 
content outline, recruits qualified item writers, maintains a secure repository of test 
items, and contracts with an external testing center to manage the security, 
administration, and scoring of the nursing informatics exam. 

Over the past two decades, ANCC has expanded eligibility for the computer-based 
testing to qualified international applicants and has developed various types of review 
materials for purchase. Numerous review courses are now available. As of December 
31, 2015, ANCC reported 1,837 nurses maintain their nursing informatics certification 
(http://www.nursecredentialing.org/Certification/FacultyEducators/FacultyCategory/St
atistics/2015-CertificationStatistics.pdf).  
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5. Summary 

Development of the scope and standards formalized the description of the specialty 
practice of nursing informatics. Concurrent efforts by nursing informatics leaders and 
other visionary educators continue to focus on confirming what informatics 
competencies are applicable and merit inclusion in undergraduate and graduate nursing 
education and professional development programs as connected health becomes a 
framework for contemporary health care. To assure safe, quality nursing practice and 
care, all nurses today must demonstrate understanding of the relationship and impact of 
data, information, knowledge, and wisdom in professional and healthcare consumer 
decision-making. Please examine additional chapter section B components that present 
nursing informatics competencies described by other entities. 
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Abstract. The TIGER Initiative aims to explain how to equip practicing nurses 
with informatics competencies. This chapter describes a collaborative effort to 
identify global informatics requirements in relation to core competencies and to 
match them with national and regional needs. Recommendations from the TIGER 
Informatics Competency Synthesis Project, described here, have implications for 
an international framework of informatics competencies for all types of health care 
professionals including nurses. 

Keywords. Informatics, Competencies, Technology, Education 

1. Introduction 

The Technology Informatics Guiding Education Reform (TIGER) Initiative is focused 
on education reform and interprofessional community development. The spirit of 
TIGER is to maximize the seamless integration of technology and informatics into 
nursing practice, education and research. 

In order to equip every practicing nurse with informatics competencies, TIGER 
developed recommendations in the areas of basic computer competencies, information 
literacy and information management. The TIGER International Competency Synthesis 
Project aims to investigate global informatics requirements in relation to core 
competencies to match them with national and regional needs [1].  

2. History of TIGER 

In 2006, TIGER convened a Summit of nursing stakeholders to develop, publish, and 
commit to an action plan to make healthcare safer, more effective, efficient, patient-
centered, timely and equitable. As an outcome of the Summit, topic-focused 
collaborative teams were formed to advance the action plan. Each team worked on 
identifying best practices from education and practice, so that this collective body of 
knowledge could be shared. As a grass roots effort, TIGER built upon and recognized 
the work of individuals from many organizations, programs, and related initiatives who 
contributed their expertise in academia, practice, research and government while 
working towards a common goal [2].  
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The TIGER Informatics Competencies Collaborative was formed to develop 
informatics recommendations for all practicing nurses and graduating nursing students. 
Following a review of the literature and survey of nursing informatics education, 
research, and practice groups, the TIGER Nursing Informatics Competencies Model 
was developed consisting of three parts: 1) Basic Computer Competencies; 2) 
Information Literacy; and 3) Information Management (including use of an EHR). In 
2011, the group published a landmark report titled Informatics Competencies for Every 
Practicing Nurse: Recommendations from the TIGER Collaborative [3]. As part of a 
changing and dynamic environment, the goal of this original report was to influence 
stakeholders in order to advance the adoption of informatics competencies through 
existing education, research, and practice groups. This work synthesized an extensive 
list of competencies into three components that were realistic for the nearly 3 million 
practicing nurses in the United States.  

2.1. Recommendations for Basic Computer Competencies 

Basic Computer Competencies (see Table 1) include the informatics competencies that 
are foundational for all practicing nurses and graduating nursing students in order to 
achieve the advanced informatics competencies. 

 
Table 1: Basic Computer Competencies 
Hardware File Management Using the Web 

Software Utilities Web Outputs 

Networks Print Management Electronic Communication 

Security Using the Application Using e-mail 
Law The Internet e-mail Management 
Operating System Using the Browser  

2.2.  Recommendations for Information Literacy 

Information literacy builds on computer literacy, and includes the ability to identify 
information needed for a specific purpose, locate pertinent information, evaluate the 
information and apply it correctly. Information literacy competencies (see Table 2) are 
critical for incorporating evidence into nursing practice. Evaluating the information 
also involves critical thinking and the ability to determine the validity of the source.  
 
Table 2: Information Literacy Competencies 

1. Knowledge to determine the nature and extent of the information needed 
2. Access needed information effectively and efficiently 
3. Evaluate information and its sources critically and incorporate selected information into his or her 

knowledge base and value system 
4. Individually or as a member of a group, use information effectively to accomplish a specific 

purpose 
5. Evaluate outcomes of the use of information 

2.3.  Recommendations for Information Management Competencies 

Information management involves collecting data, processing the data, and presenting 
and communicating the processed data as information or knowledge. Nurses need 
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information management competencies (see Table 3) to carry out their fundamental 
clinical responsibilities in a safe, effective and efficient manner.  
 

Table 3: Information Management Competencies 
Using an EHR, the nurse can manage: 
 1. Demographic/patient information 
 2. Consents and authorizations 
 3. Medication administration 
 4. Planning care 
 5. Orders/results 
 6. Care documentation 
 7. Decision support 
 8. Notifications 
 9. Facilitating communications 

3. TIGER International Competency Synthesis Project 

The informatics competencies conversation has now expanded to include an 
interprofessional and international focus. The TIGER International Committee has 
completed the first phase of an innovative competency synthesis project that highlights 
recommended core international informatics competencies. The TIGER International 
Competency Synthesis Project aims to investigate global informatics requirements in 
relation to core competencies to match them with national and regional needs. In 2015 
the TIGER International Committee, with representatives from 21 countries, began 
comprehensive activities to compile recommended core international informatics 
competencies reflective of many countries, scientific societies, and research projects.  

A survey was deployed in November, 2015 to evaluate and prioritize 24 core 
competencies in clinical informatics, which were rated based on their relevance to five 
nursing roles: 

1. Clinical nursing (e.g. care planning), 
2. Nursing management (e.g. ward or hospital management), 
3. Quality management (e.g. organizational development), 
4. IT management in nursing (e.g. introduction of new IT systems), and 
5. Inter-professional coordination of care (e.g. case management). 
As an outcome of this effort, TIGER is creating a competency harmonization 

matrix that outlines shared and country-specific competencies (including the United 
States) to provide guidance to the TIGER community and the industry at large. The 
Committee is taking a unique approach with this project as it is the first to collect 
various competencies across countries to identify global commonalities and 
differences. This harmonization effort will help determine how the Committee moves 
forward in the future [1]. 

Committee members also submitted and compiled case studies from Austria, 
Finland, Germany, Ireland, New Zealand, Philippines, Portugal, and Switzerland that 
reflect country-specific competencies based on country requirements, curriculum, and 
education. All of the core competencies listed in the case studies were also reflected in 
the survey, but described with greater detail. Several of these case studies are 
summarized below.  
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3.1.  Case Study: Australian Nursing and Midwifery Federation Informatics Standards 

The Australian Nursing and Midwifery Federation (ANMF) has released the national 
informatics standards for nurses and midwives. These national informatics standards 
clearly articulate the activities required for all nurses and midwives in practice [4] and 
encompass the following three domains: 

1. Computer Literacy 
Applies knowledge and skills in computer basics for effective use of 
information and communication technologies 

2. Information Literacy 
Uses fundamental knowledge and skills to identify, locate, access, 
evaluate and apply information 

3. Information Management 
Uses knowledge and skills to ensure safe, legal and ethical 
management of health information for professional practice and 
lifelong learning, appropriate to context of practice  

3.2. Case Study: Healthcare Informatics Society of Ireland 

From an Irish perspective, the integration of informatics competencies in nursing and 
midwifery is in the early stages of development. A significant milestone is the 
inclusion and future integration of nursing informatics competencies into the nursing 
and midwifery undergraduate program. Within Ireland, the Health Informatics Training 
System (HITS), a dedicated healthcare competencies program, was developed by the 
Irish Computer Society, in partnership with the Health Informatics Society of Ireland - 
Nurses & Midwives Group (HISINM). It is acknowledged that the range and scope of 
competencies across healthcare practitioners can differ greatly. The HISINM Group 
provided the Irish perspective conceptualized at three levels ranging in broad 
competencies [5].  

Competency Level One: Undergraduate and novice practitioners 
� Knowledge and understanding of the health, life and behavioral sciences and 

their applied principles which underpins a competent knowledge base for 
contemporary nursing and healthcare practice 

Competency Level Two: Intermediate  
� Concepts of health informatics covering topics ranging from data processing 

and electronic record keeping to decision-support systems and security 
Competency Level Three: Advanced expert practitioner 
� Advanced informatics skills focusing on the integration of data, information, 

knowledge and wisdom to support patients/clients, nurses and other 
healthcare professionals in their decision making in all roles and settings 

Integration of nursing informatics competencies is referenced in the draft 
undergraduate requirements and standards report published in February 2015, and is 
now in the final submission phase by the National Nursing Board of Ireland. Existing 
policy on Nursing and Midwifery Informatics Competencies will be delivered as part 
of a coordinated national strategy, specifically in line with eHealth Ireland and National 
Service Plan agendas.  
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3.3. Case Study: Defining Informatics Competencies in Austria, Germany and 
Switzerland 

There is a wealth of excellent recommendations concerning medical and nursing 
informatics competencies including the TIGER recommendations. The competencies, 
however, vary from country to country and from nursing culture to nursing culture [6]. 
The nursing informatics workgroups in Germany, Austria and Switzerland agreed to 
compile a consolidated set of recommendations that: 

� Complies with the relevant literature, 
� Makes use of existing national recommendations of other healthcare 

professionals, and 
� Is based on a comprehensive survey of selected experts in this field from the 

three countries. 
In all, 120 experts were invited to participate and received a link to the 

questionnaire and by May 2015, 83 experts responded. The results revealed that the 
following competencies received the overall highest rating: 

1. Project Management 
2. Quality Assurance and Quality Management 
3. Nursing Documentation 
4. Process Management 
5. Privacy and Data Security 
These results demonstrate that the nursing informatics competencies most needed 

are more generic than specialized. The group will continue specifying the competencies 
in more detail in the coming months.  

3.4. Case Study: Nursing and Health Informatics in Finland 

The development of nursing informatics in practice, industry and education has become 
increasingly relevant as the role of IT has advanced. The main supporting actors in 
Finland have been the Finnish Nurses Association (FNA) and the National 
Development Center for Welfare and Health as well as the International Medical 
Informatics Association Special Interest Group of Nursing Informatics (IMIA-SIGNI). 

In 2012, the FNA launched the standards for special competences of nursing 
informatics specialty certificate. The certification may be awarded to a registered nurse 
working in nursing informatics that demonstrates the required accreditation via an 
electronic portfolio. The requirements are consistent with the Clinical Practice Nursing 
Certification design for nurses working in a designated clinical area [7].  

3.5. Case Study: Country Specific Competencies for New Zealand 

In 2006, a report on the health informatics capability in New Zealand noted a need for a 
significant increase in people trained in health informatics [8]. This same report 
identified the need for greater co-operation between institutions and for increased 
awareness of the domain in the health and IT communities. Health Informatics New 
Zealand, as the independent national health informatics organization, established an 
education working group, comprising academics from all interested New Zealand 
universities. Based on the 2006 report and International Medical Informatics 
Association (IMIA) guidelines, a list of required competencies was developed [9]. 
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Core competences identified were: Health domain knowledge, social/ethics/legal 
aspects of health IT, basic computer science, basic data management, basic health IS/IT 
management, clinical information systems and health informatics concepts [10]. It is 
these competencies that are now being considered in relation to the TIGER Initiative 
for synthesizing international nursing informatics competencies. 

3.6. Case Study: Nursing Informatics Core Competencies for Portugal 

Upon admission to a nursing program, all Portuguese students have a basic set of 
computer competencies developed during high school that overlap with the TIGER 
Informatics Competencies recommendations. However, during graduate programs, 
nurses are further prepared to achieve Information Literacy Competencies and 
Information Management Competencies. 

From the analysis of multiple resources, Nursing Informatics Core Competencies 
have been identified related to Portugal’s needs. The following Information Literacy 
Competencies are necessary and fundamental for EHR use for nurses in Portugal [11]: 

� Determine the nature and extent of the information needed; 
� Access needed information effectively and efficiently; 
� Evaluate information and its sources critically and incorporate selected 

information into his or her knowledge base and value system; 
� Individually or as a member of a group, use information effectively to 

accomplish a specific purpose; and 
� Evaluate outcomes of information usage. 

3.7. Case Study Summary 

The TIGER International Competency Synthesis Project has deployed a mixed 
methods approach to investigate global informatics requirements [12]. These 
requirements leverage regional and national-specific core competencies by using a 
global survey and country specific case studies. All of the core competencies listed in 
the case studies are also reflected within the survey. Survey results include opinions 
from 21 countries; North and South America (four countries), Europe (10 countries), 
Asia (five countries) and Australia/Pacific (two countries). An average of two in-
country experts rated the relevance of 24 informatics core competencies within five 
domains in nursing. Table 4 shows the top six competencies per domain.  
Table 4. Top six core competencies in the five domains 

Role/ 
domain 

Top 1 Top 2 Top 3 Top 4 Top 5 Top 6 

Clinical 
nursing 

Nursing 
documentati
on 

Information 
knowledge 
management 

Principles of 
nursing 
informatics 

Data 
protection 
and security 

Ethics and 
IT 

Information 
communicati
on systems 

Quality 
management 

Quality 
management 

Process 
management 

Nursing 
documentati
on 

Information 
knowledge 
management 

Information 
communicati
on systems 

Principles of 
nursing 
informatics 

Inter-
professional 
coordination 

Data 
protection 
and security 

Information 
knowledge 
management 

Nursing 
documentati
on 

Process 
management 

Information 
communicati
on systems 

Ethics and IT 

Nursing 
Management 

Nursing 
documentati
on 

Principles of 
management 

Strategic 
management 
and 
leadership 

Quality 
management 

Human 
resource 
management 

Change 
management. 
stakeholder 
management 
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Role/ 
domain 

Top 1 Top 2 Top 3 Top 4 Top 5 Top 6 

IT 
Management 

Information 
communicati
on systems 

Principles of 
nursing 
informatics 

Data 
protection 
and security 

IT risk 
management 

Project 
management 

Process 
management 
AND 
information 
knowledge 
management 

4. Conclusion 

The TIGER initiative represents a grass roots effort that brings together experts from 
around the world to explore informatics-related issues and concerns. There is much to 
gain when multiple ideas, perspectives and innovations are shared in the spirit of 
collaboration. The TIGER International Competency Synthesis Project is but one 
example of such an effort. Recommendations from this work will be widely 
disseminated to initiate a global discussion with implications for implementation of an 
international framework that will help health care professionals achieve the informatics 
competencies of the modern age.  
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Abstract. Informatics and information management competency has an important 
role for nursing. However, these competencies in Brazil and South America lack 
definition, and are just beginning to develop in these regions with different 
realities. This chapter presents information related to the development of 
informatics competencies for nursing in these areas.  

Keywords. Digital competencies, nursing professional practice, nursing education 

1. Introduction 

Nursing informatics competence is extremely important, considering its potential of 
different applications for health outcomes. However, with regards to training of nurses 
able to work in this area in Brazil and other countries in South America, the process has 
been slow. It is important to define what nurses need to know about health information 
technology, so they can practice autonomously, provide safer care and achieve better 
health indicators. The World Health Organization (WHO) has recognized the use of 
information and communication technologies (ICT) as a core competency of the 21st 
century healthcare workforce to support patient care [1]. Thus, professionals well-
trained in the use of ICT are highly needed [2]. 

2. Overview of Brazil and South America  

Brazil is the largest country in South America, the fifth largest country by 
both area and population, and is the largest country to have Portuguese as an official 
language, the only one in the Americas. According to Brazilian Institute of Geography 
and Statistics, Brazil has 206,030,000 habitants, which represents 2.81% of world 
population and covers almost half (47.3%) of the South American continent.  
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3. Development of Nursing Informatics 

In Brazil, the first steps in nursing informatics started in 1985, when faculty of nursing 
from Federal University of Rio Grande do Sul presented their experience in the use of 
computers to teach nursing activities in home care [3]. In the next year, the Brazilian 
Society of Health Informatics (SBIS) was founded, and three years later, in 1990 
during the third Congress of the Brazilian Health Informatics Society, a dedicated 
session for nursing informatics was organized. During the same year, the Nursing 
Informatics Group at the Federal University of São Paulo was established, and in 1991, 
the group hosted the Inter-American Symposium in Nursing Informatics with over 200 
participants. At this seminar, Brazil became a member of the International Medical 
Informatics Association, Nursing Informatics, Special Interest Group (IMIA, NI SIG) 
[4]. Currently, similar groups at universities across the country and several schools of 
nursing have established nursing informatics as a discipline in the nursing curriculum 
and have organized nursing informatics research groups [5]. 

However, a growing research movement in this field can be observed with several 
groups having been established in the last years across the country. In 2002, SBIS 
granted the creation of the Nursing Informatics Working Group (SBIS-NI), integrating 
nurses from several states within the country, with the established goals: (1) develop a 
national strategy for NI education, research, management, and clinical practice, (2) 
determine priorities for implementing nursing informatics educational programs, (3) 
develop by consensus a definition of nursing informatics according to Brazilian 
education and professional regulations, (4) recommend NI competencies for clinical 
nurses, managers, faculty, and researchers, (5) develop innovative care models and 
standards balanced by human and technological resources, and (6) promote 
development of next generation electronic health records to facilitate patient-centric 
care at bedside, clinical research, and public health [5]. In November 2003, the SBIS-
NI founded the TeleNursing Department at the Brazilian Telemedicine and Telehealth 
Council [5]. Over the last 13 years, nursing informatics and telenursing have advanced 
considerably in the Brazilian healthcare environment, following global trends. Some of 
the strategies defined by the nursing informatics groups continue to make contributions 
to the health of Brazilian populations. The primary focus of those strategies is to 
develop a safer healthcare environment and to stimulate research regarding redesign of 
professional practice according to the new technological trends [5]. 

Since 2006, an important ICT project named RUTE network (Telemedicine 
University Network) has been deployed in the country. The project was led by The 
Brazilian National Research and Educational Network and was funded by the Brazilian 
Ministry of Science and Technology through the Brazilian Innovation Agency’s 
research and projects financing. 

RUTE implements communication infrastructure in university and teaching 
hospitals in the largest 53 cities in Brazil, enabling the establishment of telemedicine 
and ehealth centers with investments on equipment, connectivity and ambience 
preparation. The goal of the project is allowing all participating hospitals to use the 
National Network for Education and Research in order to operate applications on 
telemedicine and telehealth, including video and webconference for exchanging 
information, talks, continuing education, formative second opinion and 
teleconsultation, in order to create a base for collaboration among hospitals and to train 
them for remote collaboration. Several special interest groups (SIGs) were created, and 
SIG-Telenursing was the first nursing group created in 2007, aiming the integration of 
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informatics and ehealth in intensive care and emergency, as well as research and 
education [6]. 

In addition, RUTE handles the multiprofessional integration in the healthcare of 
the community, and this infrastructure has improved access to healthcare and health 
information for the populations that live in regions that are remote and difficult to 
reach. The RUTE project also opened an ongoing channel for the development of 
research studies and interchange of specialized health knowledge, that has resulted in 
the growth of scientific collaboration, increased enrollment in healthcare training 
courses, and improved access to continuing education with the introduction of the 
e-learning, m-learning, and the integrated evolution of telenursing procedures on a 
national level [5]. 

4. CurricularGuidelines for Nursing Undergraduate Courses 

The practice of nursing is based on the collection, storage, retrieval and use of data, 
information, and knowledge. Nurses must be competent in these areas in order to 
provide safe and effective patient care. Often times, technologies are used in practice to 
help with the management of information and clinical decision making. The 
development, implementation, and use of technology are integral to the practice of 
nursing. However, the use of technology in practice creates new educational needs for 
nurses in regards to possessing knowledge, behavior, and skills for practice [7]. It is 
important that nursing professionals and other healthcare providers are educated and 
competent in the proper use of technology as it applies to the various disciplines in 
healthcare.  

To be competent means to possess specific behaviors, knowledge, skills, and/or 
capacity within defined areas [8, 9, 10]. Nurses, especially, must possess competence in 
nursing practice to provide safe and effective care. 

In Brazil, curricular structures of Higher Education Institutions are organized 
according to the Curricular Guidelines for undergraduate nursing education. These 
guidelines establish a profile of graduated professionals who are capable of knowing 
and intervening in the most prevalence health-disease problems/situations in the 
national epidemiological profile [11]. 

Decision making in Brazil is highlighted in the National Curriculum Guidelines of 
Nursing Undergraduate Courses as one of the general competencies that determine the 
training of nurses, composed of clinical and managerial activities [12]. The same 
guideline proposes that health workers' practice must be based on the capacity for 
decision making, be them clinical or managerial. To that end, these professionals must 
possess competencies and abilities to assess, systematize and decide the most adequate 
actions, based on scientific evidence. Article 5 of the guideline also states that one of 
the objectives of nursing education is to provide students with the knowledge required 
to practice competences and skills for the adequate use of new information and 
communication technologies [13, 14]. Nursing informatics therefore challenges the 
faculty to produce nurses who are prepared to use information technology to improve 
the patient care process and change health care [15]. 

In this context, since 2001, the field of ICT is a core competence, listed on the 
National Curriculum Guidelines for undergraduate courses in Nursing [12]. In the 
document, the item "expertise and skills" states that nurses should "properly use new 
technologies, both information and communication, as tip for the care of nursing." 
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More than a decade later, we see yet little emphasis on the development of this 
competence in undergraduate nursing courses in Brazil, at public or private universities 
[16]. Recently, in a research about computer education in nursing graduate courses in 
public educational institutions in Brazil [17], it was noted that are offered few 
informatics courses. In fact, less than half (41.1%) of the federal institutions and less 
than a third (27.3%) of state institutions offered courses related to information and 
communication technologies in the curriculum. 

Another study [16] verified the knowledge of nursing freshmen and senior students 
regarding their ability to use informatics resources. The results revealed a low rate of 
informatics knowledge among the freshmen. However, regarding the applications that 
students had the most difficulty to operate, between the two periods, seniors had the 
worst performance, which shows it is necessary to include computer classes in the 
preparation of these new professionals, in order to prepare them for the work market.  

5. Nursing informatics competency development and professional nursing practice  

As competence may be defined as the possession of behavior, knowledge, skill, and/or 
capacity, consequences to competence within the scope of nursing include safe care 
and safe practice, the ability to create and implement appropriate interventions, and 
knowing one’s limitations: knowing when to ask for assistance [18]. 

A critical area of nursing competency is that of Nursing Informatics, which can be 
defined as possessing the appropriate knowledge, behavior, and skills required for 
nurses to collect, store, retrieve, and process information. In order for nurses to 
effectively manage patient care, they must understand how to appropriately manage 
information; thus, possessing informatics competency is elemental to practicing as a 
professional nurse. Many lists and guidelines exist to identify the specific informatics 
competencies needed for nurses to provide effective patient care [7]. 

Informatics competencies are essential for nursing practice, and are critical to 
providing safe and effective patient care. As a profession that depends on the use of 
technology, the need for appropriate collegiate and continuing education programs in 
nursing with a focus on informatics competency is crucial to the development and 
maintenance of safe and effective practice [7, 19]. 

To possess competence in nursing informatics, one must possess the ability to 
obtain, store, retrieve, and communicate data, information, knowledge, and wisdom, 
which is essential to nursing practice. Many various lists and guidelines exist to address 
the distinct competencies that nurses must possess; however, very few resources are 
available to assess the degree to which one is competent in a specific area. The 
interaction of one’s knowledge, experience, environment, and motivation shapes the 

development of competency within the personal domain, depending on the profession 
in which one works [7]. 

In support of competency development, a variety of educational programs exist, 
ranging from university degrees, continuing education programs, and professional 
education initiatives such as the TIGER initiative [20]. However, despite the variety of 
educational programs, in Latin America there is still a lack of educational programs in 
the area. 

Opportunities to build NI competencies are not restricted to formal academia. The 
United States’ Technology Informatics Guiding Educational Reform [21] initiative 
developed a national informatics education strategy for its existing nursing workforce. 
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At NI 2012 Conference held in Montreal, TIGER launched its new internationalization 
phase, complete with an international board including representation from Canada, 
Asia, South America and Europe. See section B chapter 3 for a description of the 
TIGER initiative. 

Another strategy is the International Network of Nursing Informatics, created in 
2008 within the Pan American Health Organization (PAHO) and WHO, a network of 
technicians and nurses from Latin American countries and the Caribbean. It is based on 
a strategy for coordination and scientific and technical cooperation for the development 
and exchange of experiences, information and knowledge that in a voluntary and 
supportive way with information technology and communications support works based 
on the universal health coverage. The International Network of Nursing Informatics, 
uses ICT and the development of specialized virtual networks for information and 
knowledge exchange, permanent training, research and development of good practice, 
contributing to human resources and integrated services of excellence in health care. 
Latin-American countries like Argentina, Brazil, Chile, Colombia, Peru, Uruguay and 
Venezuela are members of this network, together with Mexico, Cuba, El Salvador and 
Spain. 

Nursing informatics competence is an essential element of nursing practice, 
especially in the provision of care [7] and ranges from simple clinical skills to complex 
application based knowledge. Competence in nursing informatics can be defined as the 
knowledge, behavior, and skills required for nurses to collect, store, retrieve, and 
process and use information [22]. Nursing informatics is facilitated through the use of 
technology, and competence in this technology is required for effective nursing 
practice. With the integration of technology and information science into the field of 
nursing, there is an increased need for the existence of nursing informatics 
competencies; thus, nursing informatics competence is a key element to the 
professional nurse’s body of knowledge. 

In Brazil, there are few publications that assess skills in the use of ICT by teachers 
in undergraduate nursing courses. Peres and Kurcgant in a study at a Brazilian federal 
education institution [23] mention difficulties to use ICT in academic activities by 
teachers, as they come from a generation that has not grown in touch with the digital 
technologies.  

Since the initial activities in nursing informatics in Brazil, nurses have faced many 
challenges. Nursing informatics is not completely integrated into the nursing 
curriculum and the nursing informatics competencies are not established at national 
level [24]. 

In a study to identify and analyze the nursing informatics competencies regarding 
their relevance to the Brazilian reality on Nursing Informatics [25] competencies 
should be classified accordingly to the level of nursing informatics practice: novice, 
expert, specialist and innovator. According to this study, validated nursing informatics 
competencies are divided into the following nursing practice areas: information, data , 
education, impact , privacy and security , research, regulation, systems, data access , 
management, usability, project management, communication, monitoring, quality 
improvement, basic software, fiscal management, simulation, analysis, design and 
development, evaluation , data structure, management , programming, testing, training, 
maintenance, implementation, role, practice, system selection systems and 
requirements. These competencies include skills for computers use, computer 
knowledge and computer skills [26]. 
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The curriculum content and definition of informatics competences in nursing has 
been discussed in scientific literature. Although the importance of these competences 
has been recognized globally, they have not been widely incorporated into 
undergraduate or graduate nursing curricula in different countries [25]. It was identified 
that subjects about informatics in undergraduate nursing programs at Brazilian public 
education institutions are mostly offered as an elective discipline (57%) in the first and 
second year (80%), with an average workload of 47 classroom hours. The low supply 
of this undergraduate subject goes against job market trends and the National 
Curriculum Guidelines for Undergraduate Nursing Programs [17]. 

In Brazilian studies, several authors describe that faculty and students’ knowledge 
on informatics resources remains deficient, impeding them from using information and 
communication technologies in the different dimensions of nursing relations, in 
teaching, research, management and care delivery [27, 28]. 

According to Yang et al [29], several studies have presented necessary informatics 
competencies for nurses and nursing students. The first study to present a master list of 
informatics competencies for nurses to span four levels of nursing practice (beginning 
nurse, experienced nurse, informatics specialist, and informatics innovator) was 
proposed by Staggers et al [26] and cover competencies in computer skills, informatics 
knowledge, and informatics skills; many researchers have used this master list. In a 
study that proposed a list of nurse practitioner competencies, some competencies 
related to evidence-based practice were added, and some items were extracted [30]. To 
determine if informatics competencies were included in the curriculum of a 
baccalaureate program, the master list was also used by [31]. 

One study focused on an emerging "avant-garde executive leadership competency" 
recommended for today's health leaders to guide health system transformation [32]. 
Specifically, this competency is articulated as "state of the art communication and 
technology savvy"”, and it implies linkages between nursing informatics competencies 
and transformational leadership roles for nurse executive. The study proposes that 
distinct nursing informatics competencies are required to augment traditional executive 
skills to support transformational outcomes of safe, integrated, high-quality care 
delivery through knowledge-driven care. International trends involving nursing 
informatics competencies and the evolution of new corporate informatics roles, such as 
chief nursing informatics officers (CNIOs), are demonstrating value and advanced 
transformational leadership as nursing executive roles that are informed by clinical 
data [32]. 

NI competencies are not necessarily new. The American Nurses Association 
(ANA) in 1995 was one of the first nursing professional bodies to endorse NI through a 
formal certification program and a published NI scope and standards of practice [33]. 
Chapter 7a provides a complete description of the ANA NI specialty certification and 
standards development. NI competencies are increasingly recognized as a new essential 
skill set, enabling contemporary nurse executives to support and advance healthcare 
system transformation evidenced by a number of nursing and health professional 
associations that endorse NI and health informatics competencies [21, 33, 34]. 
Understanding the distinction between generic health informatics competencies and NI 
competencies is necessary for all nursing executives to recognize points of alignment, 
but also the points where nursing is unique and specifically requires a nursing 
perspective [32]. 

Different authors [35, 36, 37] recommended that studies about NI competencies 
must offer examples of their insertion in nursing practice, making their use more 
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visible, and help faculty to become aware of the real use of them and guide their 
students with efficiency. Overall, authors recommend that faculty in educational 
institutions must focus on the development of competencies in informatics, and that 
competencies should be grouped by complexity throughout the nursing 
curriculum [37].  

There is still a continued interest in NI competencies today, explained by the 
transition and the concern that nurses must be prepared to perform effectively in safety-
focused, integrated and patient-centered environments, in which they are being 
requested not only to register, retrieve data, search quality information, but also to use 
technology as an important resource for planning, making informed decisions, and 
transforming nursing practice [38]. Nursing education programs and their faculty must 
be able to prepare nursing students, in all levels, to respond to this demand.  

6. Next Steps to improve informatics and information management competencies 
for nurses  

In Latin-America there are few leaders and educators with NI skills. It is necessary to 
invest in NI training for our leaders and educators in the different South America 
countries. In order to make that happen, it is important to increase awareness in the 
nursing schools regarding the importance of nursing informatics courses in 
undergraduate and graduate programs. The use of ICT to connect different regions of 
Latin-American to regular courses with skilled teachers, including those from areas 
where NI is more developed, may improve and increase the faculty number, and 
encourage new professionals.  
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Abstract. The advancement of information and communication technology have 
enabled nurses to practice more effectively, efficiently, and safely. This chapter 
introduces nursing informatics competency and information management 
competency for nurses in China (including Mainland China, Hong Kong and 
Taiwan), India, Japan, Korea, and Singapore. Most countries in Asia are still in the 
process of developing and standardizing competences that are relevant to nurses 
and those specialized in nursing informatics. The level and content of nursing 
informatics offered in entry-to-practice nursing education programs varies greatly. 
There is a growing need to adopt more comprehensive curriculum for entry-to-
practice nursing education programs, as well as offer continuing education to help 
nurses to develop knowledge, skill, and attitude related to nursing informatics and 
information management in the world of connected health. 

Keywords. Nursing informatics; Nursing; Competency; Information management  

1. Introduction 

The advancement of information and communication technology (ICT) and its wide 
use in nursing practice as well as in the whole healthcare system have enabled nurses to 
practice more effectively, efficiently, and safely. However, in order to take the full 
advantage of modern ICT in nursing practice, and create more effective, efficient, and 
safer nursing information system, it requires nurses to be competent in nursing 
informatics and information management in their daily practice. This chapter will 
introduce nursing informatics competency and information management competency 
for nurses in some Asian countries such as China (including Mainland China, Taiwan 
and Hong Kong), India, Japan, Korea, and Singapore. 

2. Competencies related to informatics and information management for nurses in 
China 

2.1 Mainland China 

2.1.1 Evolution of nursing informatics in practice sector 

The computer was first introduced into hospitals in the late 70s in Mainland China for 
the processing of basic administrative tasks and became more extensive in the 80s. It 
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was introduced into nursing practice in late 80s to the 90s.[1-3] Three stages were 
observed through our profound literature review. 

The first stage was a stand-alone system, mainly in office management. Computers 
were operated independently and there was no data sharing at all. In meeting the needs 
of nursing practice and management, nurses in some hospitals work with information 
technicians (ITs) to develop more complicated functions such as unit management and 
nursing error analysis [4, 5] to assist nursing practice. 

The second stage started in late 1990s, along with the rapid development of 
computer technology, especially broadband and multimedia technology. In 1993, the 
“Creation of Chinese Hospital Information System Project” was launched as the 8th 
five-year National Key Science and Technology Project, which developed the “China 

Hospital Information System” named as “Military Health No 1” in 1997. It was 
recognized as the first integrated clinical hospital information system developed in 
China [3, 6] and was widely implemented among large tertiary hospitals in China 
thereafter. [7] It enabled an inpatient nursing workstation system to be built based on 
that. This second stage was characterized by the utilization of broadband networking 
and hospital information system focused on three areas: health care management 
mainly order entry, billing management, and supply management; where data were 
shared only within the institution. An integrated nursing record information system 
(mainly free text) was included in this system. [7] In 2002, Peking University People’s 

Hospital developed a nursing record system which included four modules: collection of 
medical and nursing history data, nursing care planning, printing the nursing record, 
and a nursing knowledge database.[8] 

The third stage was characterized by the wide use of a mobile information system 
along with the development of wireless network technology in nursing practice (since 
2010). Mobile nursing information technologies were first introduced to nursing 
practice as pilot projects and sporadically emerged at the beginning of this century. One 
such example is a PDA and mobile nursing information system based on the Hospital 
Information System (HIS) introduced at Peking Union Hospital in 2002, and then at the 
People's Liberation Army (PLA) General Hospital and the PLA 251 Hospital in 2005. 
The popularity of mobile nursing was accompanied with improvement of various 
mobile information technologies. With advancements in the functions of China’s HIS, 
increased speed of wireless WiFi, adoption of Radio-Frequency Integration 
Technology (RFIT), mobile nursing carts and mobile devices, the use of mobile 
electronic nursing records became one of the most important parts in nursing practice. 
In 2011, The Third Hospital of Peking University reported using mobile nursing carts 
based on their clinical nursing information system. Since then, the use of PDA and 
mobile nursing carts to provide bedside nursing care has become more and more 
popular in a vast majority of hospitals in Mainland China.[9] The functions of the 
mobile nursing information system cover many aspects of nursing practice, such as 
input and retrieval of patients’ demographic and clinical data, patient identification, 
entry of assessment data and documentation at the point-of-care, as well as the 
implementation and management of doctors’ orders, nursing quality control, nursing 
workload tracking etc.[10, 11] In particular, closed-loop medication management, 
dynamic tracking, quality control and quality improvement are used widely functions 
in more recent years. 
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2.1.2 Nursing Informatics Organization in Mainland China 

China Medical Informatics Association (CMIA) was established in 1980, eleven years 
later, the CMIA Nursing Informatics Committee (CMIA-NI) was inaugurated in 1991. 
However, because the driving force of the implementation of NI in the practice sector 
was the hospital management bodies instead of nurses themselves in those early years, 
few NI activities and academic conferences were organized or held by CMIA-NI until 
20 years later.  

Starting in 2012, the second term of the CMIA-NI board was formed with 48 
members. The first academic event hosted by CMIA-NI, the Nursing Informatics 
Forum, was held on October 24th, 2012, along with the 7th Asia Pacific Association for 
Medical Informatics (APAMI) Conference. Since then, nursing informatics has 
developed dramatically in both the practice and academic (mainly research) sectors. In 
2013, the 1st China National Nursing Informatics Conference (CNNIC), which is an 
annual conference hosted by CMIA-NI, was held in Beijing. The 4th CNNIC attracted 
264 attendees and was held in September, 2016 in Xiamen, where the 16th World 
Congress on Medical and Health Informatics (Medinfo 2017) will be held in 2017. 
Along with the 4th CNNIC, the new term of CMIA-NI Board (4th term) was elected and 
the number of CMIA-NI members had increased from 48 in 2012 to 249 in 2016.  With 
collaborative efforts from CMIA-NI members, and support from CMIA as well as other 
local organizations, CMIA-NI won the bid for hosting NI 2020 during NI 2016 GA 
meeting. It will be held in June, 2020 in Beijing. It was recognized as a new milestone 
in the history of CMIA and CMIA-NI.  

2.1.3 Nursing informatics competencies in Mainland China 

With the rapid development of NI in the practice sector, the need for nurses to have 
informatics and information management competency increased dramatically. In some 
hospitals, positons for nurses to translate nursing practice needs between bedside 
nurses and information technology department emerged to close the gap between 
clinical practice and technology (hereafter, this position will be referred to as 
“informatics nurse”). Therefore, nursing schools in Mainland China began providing 
nursing informatics courses or related content to nursing students, mainly at the 
baccalaureate level, in addition to courses such as “Introduction to Computer Science” 

and “Literature Searching” which are mandatory for all bachelor degree students in 
Mainland China. Some nursing schools of universities in Mainland China have 
established master’s programs to prepare nurses working in the practice sector as an 
informatics nurse or in the academic sector as a NI educator and researcher. In order to 
provide adequate training on knowledge, skills, and ability related to NI for entry-to-
practice nursing graduates, a competency model or a set of nursing informatics 
competencies for graduates who will work as bedside nurses are an urgent need.  

Research on nursing information competency emerged in the early 21st century. 
Early studies mainly focused on information literacy, and various studies viewed this 
concept differently. Some authors considered information literacy as the awareness, 
ability, and ethics of using information, [12] while others considered it as the 
acquisition, recognition, identification, evaluation, processing, transmission and the 
ability to create information.[13-15] Liu [16] and Shi [17] considered information 
literacy as the ability of using information and applying ICT to facilitate problem 
solving in their workplaces.  
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Studies have also been conducted on the purpose of identifying the contents and 
standards for nursing information literacy. In 2008, Capital Medical University School 
of Nursing developed a core nursing competency model for baccalaureate degree 
graduates, which included the item “search and retrieve information through electronic 

data bases” as one of the six core competencies under the domain of 
“professionalism”.[18] In another study, Jiang et al [12] initiated a theoretical model of 
information literacy for undergraduate nursing students through structural analysis and 
Delphi method in 2004. They proposed that nursing information literacy consisted of 3 
elements: information awareness, information capabilities and information ethics. 
Through theoretical evaluation and experience analysis, Wang et al. [14] constructed a 
set of nursing information literacy evaluation standards for vocational nursing students. 
They summarized that the evaluation standard for nursing information literacy should 
include four domains: information awareness, information knowledge, information 
capability, and information ethics. Eleven sub-dimensions were identified under these 
four domains. In 2012, the Ministry of Education Steering Committee for Higher 
Nursing Education developed the Essentials of National Undergraduate Nursing 
Education Standard, in which the requirements of having basic skills in searching and 
retrieving literature, collecting data, as well as effectively acquiring, evaluating and 
applying nursing informatics skills via modern ICT are included.  

Xu [19] conducted a study related to NI competency among undergraduate nursing 
students by using questionnaire survey, factor analysis, and three rounds Delphi in 
2012. A framework for NI competency was developed in which four domains with 13 
categories and 33 items were identified. The four domains are information knowledge, 
information skills, information management ability, and information attitude. Because 
there was no nationally recognized nursing informatics or nursing information 
management competency model for nurses in Mainland China, CMIA-NI launched a 
research project to identify nursing informatics and nursing information management 
competencies for nurses and informatics nurses to inform nurse professionals from both 
the educational sector and the practice sector nationwide. The project was based on NI 
competency and NI management competency described by the American Nurses 
Association [20, 21] and the Nursing Informatics Competencies Model from the 
Technology Informatics Guiding Education Reform (TIGER) initiative [22] and was 
carried out in four stages. During the first stage, an initial pool of nursing informatics 
and information management competency items was developed through extensive 
literature review. In the second stage, semi-structured in-depth interviews of bedside 
nurses, “informatics nurses” (coordinating and communicating with ITs regarding the 
needs for clinical nursing information system as part of their daily responsibility), and 
nursing managers were conducted, and the initial pool of competency items was 
revised. A questionnaire named Chinese NI and information management competency 
(NIAIMC) was developed based on the revised competency items using Delphi method 
during the third stage. Finally, a national survey of more than 1,000 nurses across 
Mainland China was conducted and an exploratory factor analysis was used to generate 
the NI competency and NI management competency model for nurses in Mainland 
China. The model includes four domains (with total of 36 items) and explains 74% of 
the total variance. The identified four domains are basic computer knowledge, 
computer and network operating ability, information literacy, and operating ability of 
health information system.  
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2.2 Hong Kong 

The Hong Kong Society of Medical Informatics (HKSMI) was established in 1987 to 
promote the use of information technology in healthcare. The eHealth Consortium was 
formed to bring together clinicians from both the private and public sectors. Medical 
informatics professionals and the IT industry worked collaboratively to further promote 
IT dissemination and implementation in healthcare in Hong Kong.  Since 1994, a 
computerized patient record system called the Clinical Management System (CMS) has 
been developed by the Hospital Authority (HA). This system has been deployed at all 
sites of the Authority (40 hospitals and 120 clinics), and is used by 30,000 clinical staff 
on a daily basis, with daily transactions up to 2 million. The comprehensive records of 
7 million patients are available on-line in the Electronic Patient Record (ePR), with 
data integrated from all sites.[23] 

Despite the fast development and vast utility of health informatics in Hong Kong, 
the training of nursing informatics has not been required in entry-to-practice level 
nursing education program in Hong Kong. All nurses currently working in the Health 
Informatics team of HA are trained on their job. Healthcare staff (including nurses) are 
sponsored to attend some post graduate or certificate courses offered by universities or 
school of continuing education on part-time basis. One example of that is the 
Postgraduate Diploma in e-Health Informatics which is organized by the Hong 
Kong Polytechnic University. It provides health professionals with the theoretical 
knowledge and practical skills that enable students to take leadership roles within the 
emerging field of Health Informatics. It focuses on the increasing role and potential of 
information technology and advanced telecommunication technology for effective and 
efficient health services. Another example is the Applied Clinical Informatics course 
which is offered through collaborative effort between Department of Health 
Technology and Informatics (HTI) and School of Professional Education and 
Executive Development (SPEED), at Hong Kong Polytechnic University, as well as 
Hong Kong Society of Medical Informatics (HKSMI).  The objectives of this course 
are described as: 1) enhance eHealth capabilities of health care providers including 
nurses in the Asian Pacific region, including the Greater Mainland China and other 
Asian countries; 2) promote the acquisition of health informatics knowledge for 
healthcare professionals in the region; 3) offer practical training for healthcare IT 
professionals to facilitate their work; and 4) cultivate the best practice and knowledge 
sharing in the industry.[23, 24]  

There are also some graduate education programs (Master and PhD) focusing on 
Health informatics, which cover a wide range of informatics subjects and are not 
nursing specific. For example, the postgraduate program “Master of Science in Health 
Informatics’ organized by Hong Kong Polytechnic University offers an opportunity 
for professionals in health care and related disciplines to “develop the knowledge, skills, 
and attitudes necessary to function more effectively in addition to mastering the 
advanced skills of information technology in healthcare settings”. [23] 

For registered nurses, there are some basic requirements on nursing informatics. 
For example, in order to be registered as mental health nurses, one should have a 
minimum 20 hours of theoretical introduction on information technology applied to 
nursing and healthcare.[23] 
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2.3 Taiwan 

In 1988, Taiwan conducted a project called the National Health Information Network 
(HIN 1.0) to improve the quality of health and medical care. The HIN 1.0 involved 

collecting accurate and useful administrative information, improving the timely and 

quality handling of public requests, and providing information for the formulation of 

health policies.[25] In 1998, the National Health Information Network 2 (HIN 2.0) was 
established to address the problems encountered with HIN 1.0, such as insufficient 

bandwidth, low interoperability, and the fact of only a few medical applications being 

developed and used.[25]
 In 2005, initiated by the Department of Health in Taiwan, a 5-

year plan called the National Health Informatics Project (NHIP) was established to 
achieve a healthcare system with better efficiency and efficacy and targeting on 
population health, personal health, patient safety, quality care, and HIT industry.[26, 
27] The rapid and extensive use of new information technology in healthcare in Taiwan 
created a need for the development of NI.[28] 

In 1996, hospitals in Taiwan began the transition from a process of paper medical 
records system to a computerized health care record system, which further facilitated 
the growth of NI. In 2006, the Taiwan Nursing Informatics Association (TNIA) was 
established, which promoted the rapid development of NI both in nursing practice and 
nursing academics. [29] By 2012, nearly 23 medical centers had created informatics 
nurse specialist positions. [30]  

For entry-to-practice nursing education programs such as associate degree and 
baccalaureate degree programs in Taiwan, nursing informatics courses are not 
compulsory. [31] There are some graduate programs specialized in nursing informatics 
open for registered nurses. For example, the Department of Nursing, National Yang 
Ming University provides both Master’s degree and Phd programs on health 
informatics. [32] [33, 34] 

A study conducted by Chang et al. [35] identified nursing informatics 
competencies required for practicing nurses in Taiwan by using the Delphi method. 
The Nursing Informatics Competencies Questionnaire (323-item plus 45 additional 
items), based on the Information Management Framework described by Stagger et al. 
[36], was sent to experts (nursing educators and administrators) and finally 360 items 
remained. It concluded that the NI competencies for both beginning nurses and 
experienced nurses in Taiwan were computer skills, informatics knowledge and 
informatics skills in various areas depending on the levels of practice. [35] Additional 
information about nursing informatics in Taiwan can be found in section B chapter 6. 

3. Competencies related to informatics and information management for nurses in 
India 

Health informatics was fully recognized in India with the conception of the Indian 
Association of Medical Informatics (IAMI) in 1993.[37] As the recognition of health 
informatics continues to grow in the Indian healthcare system, nurses are starting to 
expand their role to include clinical nursing informatics as a field of nursing practice. 
However, nursing informatics has not yet been recognized as an independent nursing 
specialty in India despite the fact that they have been practicing informatics in 
healthcare settings. [38]  
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Several studies have been conducted in India to investigate the knowledge, attitude 
and application of internet technology among nurses, nursing students and nurse 
scholars. The majority of them determined that nursing informatics was a necessary 
field for nursing profession and it was rapidly developing in clinical settings. [39-41] 
However, Nursing informatics is only recognized as a sub-topic and included under 
various Bioinformatics or Health informatics courses in India. [38] 

The basics of computer science have been included in the curriculum for 
undergraduate nursing education programs. An example of the nursing syllabus from 
All India Institute of Medical Sciences (AIIMS) includes : 1) Introduction to computer 
science & its application to health care system; 2) Disk Operating system; 3) Microsoft 
windows & Microsoft office & its applications  including MS Word, Power point, 
Excel; 4) Introduction to internet and email; 5) Graphics Introduction to Data base; 
6) Use of statistical packages; 7) Computer assisted teaching and testing.[42] 

Certain aspects of computer applications are also included in postgraduate 
programs in nursing at AIIMS. The topics include: 1) MS DOS, Windows, Microsoft 
word, power point; 2) Internet, literature search; 4) Excel, statistical packages, Health 
care delivery computer programs; 5) Use of computers in teaching, learning, research 
and nursing practice.[43]  

Topics related to nursing informatics are also included at the PhD level,  such as 
nursing management information system, networking institutions through literature 
search, knowledge about basic computers, computer systems, NI theory, clinical 
information systems, and application of NI in research, education, practice, and 
administration etc.[44]  

A well defined role of Nursing Informatics Specialist (NIS) has been described by 
AIIMS to assist in dissemination of information among healthcare providers through 
implementing best practices and workflow change by using information technology, 
digital media, educational programs, etc. However, NISs are trained within the work 
settings and no additional qualification is required. A full description of NIS job 
responsibilities can be obtained from AIIMS website. [45] 

Currently, there is no defined competency for entry-to-practice nurses in India, and 
very few educational institutes provide nursing students with formal training to 
understand the information systems being used in clinical settings in detail. Such kind 
of training only happens “on the job” in clinical settings. [38]  

4. Competencies related to informatics and information management for nurses in 
Japan 

The Japanese Association of Medical Informatics (JAMI) was founded in the 1980s.  
With Medinfo 1980 being held in Tokyo in 1980, a special interest group on NI was 
included in the congress, which marked the beginning of NI in Japan. [46] Before the 
turn of 21st century, NI in Japan was seen more in the applied clinical practice setting, 
rather than in the academic settings, due to the nature of nursing schools being 
vocationally oriented. In 2003, JAMI started the certification system for Healthcare 
Information Technologists (HITs) which evaluates knowledge and skills on health 
information system, information technology and healthcare, and nurses started to be 
certified as HITs through this system in 2004. [47, 48] However, with limited resources 
on NI education in Japan, information about NI competencies are scarce.   
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In 2000, the Nursing Division of the JAMI was established and is managed by a 
team of clinical nurses and academic researchers. In March 2004, the first standard 
textbook for medical informatics and nursing informatics was published. Some nursing 
schools offer Nursing Informatics courses or content and lecturers with researchers of 
health informatics and NI. However, the accreditation program of the Japan Nursing 
Association does not recognize the training for the informatics nurse specialist. As in 
India, most nurses have their NI knowledge and skills from training “on the job” in 
hospital settings. [49]  

5. Competencies related to informatics and information management for nurses in 
Korea 

The term nursing informatics was first introduced when the Korean Society of Medical 
Informatics (KOSMI) was founded in 1987. In 1993, the Nursing Informatics Special 
Interest Group was organized under the umbrella of KOSMI to serve as a platform for 
scientists in nursing informatics to disseminate knowledge and exchange ideas. [50, 51] 
Content related to nursing informatics was introduced into nursing programs in 
universities in 1994. In the late 1990s, 25% of the graduate programs surveyed in 
Korea provided their students with nursing informatics courses, but only computer 
courses (no NI courses) were offered in 77% of the associate degree or undergraduate 
programs surveyed at that time.[50, 52] A more recent survey which was finished in 
2016 reveals a growing trend in offering nursing informatics courses among entry-to-
practice nursing education programs, with 57% of the undergraduate programs and 
36% of diploma programs offering nursing informatics courses, and more than half of 
these programs introducing NI courses within less than 5 years. Nine out of the 32 
(28%) graduate programs surveyed offered NI courses, among them, one school had 
programs at both master’s and PhD level focusing on nursing informatics. Content 
analysis of 27 syllabi of NI related courses revealed that computer technology was 
included in all syllabi. Information systems, telehealth, informatics, and informatics 
ethics were included in 93%, 89%, 85%, and 77% of the syllabi, respectively. [53]  

Based on NI competencies required of nurses in Taiwan, Chung and Staggers [54] 
developed a modified 112 item questionnaire in measuring NI competencies among 
beginning and experienced nurses in Korea. Factor analysis revealed a 3-factor 
structure which explained 45% of total variance. According to their study, three 
domains of NI competencies for both beginning level and experienced nurses were 
identified. The three domains are information knowledge, information skills, and 
computer skills. However, the expectation of NI competencies for beginning level 
nurses differed greatly from experienced nurses. The levels of NI competencies for 
beginning nurses were mostly on the knowledge level, while for experienced nurses, 
the expectation of NI competences were more skill-oriented.  

6. Competencies related to informatics and information management for nurses in 
Singapore 

The Electronic Health Records for Nursing Education (EHRNE) software program was 
recently developed and integrated into the nursing curriculum at National University of 
Singapore.[33] The aim of this curriculum change is to increase nursing students’ 
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awareness of how health information technology (HIT) and electronic health records 
(EHRs) can improve the quality of their documentation, reduce medical errors, and 
increase the quality of patient care.[55] However, there is no information indicating 
that well defined competency of informatics and information management for entry-to-
practice or advanced practice nurses are available in Singapore. 

7. Conclusion 

With rapid advancement of ICT and its extensive use in the healthcare system, 
acquiring competency related to informatics and information management among 
practical nurses is essential in delivering holistic and individual-centered care in this 
world of connected health. Nursing professionals in China and other Asian regions are 
still in the process of developing and standardizing competencies that are relevant to 
entry-to-practice nurses who are involved in the daily work within a hospital using a 
health information system. Meanwhile, although there are institutions and universities 
in some Asian countries that have incorporated components related to information 
science into nursing curriculum, the level and extent vary greatly. There is a growing 
need to adopt more comprehensive curriculum both at entry-to-practice and the 
advanced level, as well as offering continuing education to help future nurses in 
developing the knowledge, skills, and attitude related to nursing informatics and 
information management in order to provide more effective, efficient, and safer 
healthcare in this connected world. 
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Abstract. During the modernization process in hospitals, information technology 

is an important indicator. “Informatics nurses” play a critical role in hospitals and 

clinics. In Taiwan, the certification system of informatics nurses just recently 

began in 2016. The development of certificated personnel results from students 

who have graduated with a university degree in nursing and have taken classes in 

informatics, as well as nurses who have been trained in informatics at clinics and 

hospitals, and the establishment of a national nursing informatics association. 

Clinically, the main responsibilities of Informatics Nurse Specialists are system 

analysis, training, problem solving, data analysis, and communication. In Taiwan, 

as of September 2016, only 48 informatics nurses have been certified. They are 

working either in hospitals or at universities.  

Keywords. nursing informatics, informatics nurse specialist, certification of  

informatics nurse specialist 

1. Introduction 

The development of information technology has changed the world and allowed the 

innovation of nursing care services. In recent years, the development of nursing 

informatics in Taiwan has been catching up with international trends and has been 

regarded positively by the international nursing informatics community. The 

integration of information technology into the medical care system has created the new 

nursing role of “informatics nurse.” Although the certification system and job 

description for these nurses have become increasingly comprehensive in many 

countries, Taiwan remains in an early developmental stage in these regards [1]. The 

Taiwan Nursing Informatics Association (TNIA) clearly articulates the role, 

responsibilities, and job descriptions and defines the training requirements and 

certification system.  

This paper introduces the functions and professional growth of informatics nurses 

and introduces the framework for a certification system, which gives medical and 

paramedical staff a better understanding of informatics nursing and helps them to 

recognize the important role played by informatics nurses in the healthcare industry. 
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2. Evolution of the roles and functions of informatics nurses 

The roles and functions of informatics nurses have become increasingly more 

important in the modernization of hospitals. The evolution of nursing informatics in 

Taiwan has led to both independent roles and coordinating roles for informatics nurses.  

The functions of the independent role are: 

a. Conducting system and workflow analysis 

b. Operating system implementation and system evaluation 

c. Planning of user education and training 

d. Compiling work manuals 

e. Updating relevant knowledge and skills 

f. Solving problems 

g. Applying information technology to nursing 

h. Conducting data analysis and information analysis 

i. Message processing and information integration 

j. Facilitating communication and coordination 

k. Providing user support and consulting 

The functions of the coordinating role are: 

a. Nursing care quality control. This includes evaluating system functions, 

evaluating problem-solving ability and efficacy, improving patient safety and 

care quality, and monitoring the legality and integrity of patient information. 

b. Education, training, and consulting. This refers to assisting clinicians in 

maintaining or improving job readiness. 

c. Improving the professional ability of nurses and providing education through 

analysis, planning, or continuing education. 

d. Communication and coordination. This refers to linking the individual 

networks of the units in a healthcare team to achieve coordination and 

integration of professional work content.  

e. Innovation and development, particularly research in the areas of clinical care 

guidelines and informatics nursing [2]. 

3. Nursing informatics education and training 

As for the education and training of informatics nurses in Taiwan, some universities 

offer courses which introduce concepts in nursing informatics within their general 

nursing programs. With the growing importance of the role of information technology, 

some universities now require these courses to be taken so that nursing students can 

fully understand nursing informatics prior to graduation. Some two-year community 

colleges also offer nursing informatics programs. These courses comply with the two-

year community college nursing program curriculum set forth by the Taiwan Ministry 

of Education. These programs comprise 72 credits in general education and nursing, 

including 20 credits in required nursing informatics courses such as computer hardware, 

computer software, database applications, nursing informatics development and status, 

project design, information ethics and safety, healthcare information, and practicum in 

nursing informatics. The programs provide students with the necessary knowledge and 

skills required by informatics nurses [3]. 
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Some universities have established graduate programs in nursing informatics, 

which provide a platform for nursing professionals who are interested in this career 

path. In addition, some schools offer nursing informatics courses through their in-

service and continuing education departments, providing currently employed nurses 

with continued training to improve their skills in informatics. [1] 

Lastly, professional associations such as the Taiwan Association for Medical 

Informatics (TAMI) and Taiwan Nursing Informatics Association (TNIA) annually 

offer courses in practical or applied nursing informatics to assist in the education and 

training of healthcare informatics professionals in Taiwan. 

Currently, most medium-size and large Taiwanese hospitals have established 

nursing informatics committees to promote and develop work in this field. Some 

hospitals employ one to three full-time or dedicated informatics nurses to assist in 

promoting nursing that integrates information technology. Hospitals that value nursing 

informatics development also generally have both nurses and committees to promote 

clinical care information systems. 

4. Certification of Informatics Nurses 

According to a 2010 survey compiled by the Taiwan Nursing Informatics Association 

(TNIA), 3.1% of clinical healthcare workers expect informatics nurses to have a degree 

from a community college, 56.8% expect nurses to have a bachelor’s degree, and 

38.7% expect a master’s degree. The same survey showed that 6.2% of respondents 

expect informatics nurses to have less than three years of clinical experience, 50.6% 

expect four to six years of clinical experience, and 37.5% expect more than seven years 

of clinical experience. Regarding the professional training received by informatics 

nurses, 15.6% of respondents felt that it should be provided by bachelor’s degree 

programs, 20.6% felt that it should be provided by master’s degree programs, and 

25.8% felt that it should be offered by professional nursing associations, such as the 

TNIA [2]. 

Based on the survey results, in 2014, TNIA undertook drafting the certification 

pre-requisites and qualifications for informatics nurses and informatics nurse specialists 

[4]. Informatics nurses must be licensed registered nurses and members of TNIA, they 

must have a bachelor’s degree in nursing, they must have two or more years of clinical 

nursing experience and at least one year of practical experience in informatics, and they 

must have taken at least 30 hours of informatics courses during the past three years, 

including least 15 hours in courses which are offered by TNIA.  

Certifications are awarded after a review of qualifications or after passing a written 

exam. Certified informatics nurses who receive an additional 10 hours of informatics 

training within two years may receive certification as informatics nurse specialists after 

a review of qualifications or after passing a written exam. The informatics nurse 

specialist certification is valid for a period of five years, and 60 hours of continuing 

education in informatics is required to renew the certification [5].�Table 1� 

The Taiwan Nursing Informatics Association began accepting certification 

applications in February 2015 [5]. As of September 2016, 48 certifications have been 

awarded, signaling a new milestone in the evolution of the role of informatics nurses in 

Taiwan. 
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Table 1 The basic requirements for Informatics Nurses and Specialists t in Taiwan, 2015[5] 

Requirements Informatics Nurses (IN) Informatics Nurse Specialist (INS) 

Certification organization  TNIA TNIA 

Academic degree Bachelor degree  Bachelor degree 

Training hours 
at least 30 hours during the last 

three years   

at least 10 hours during the last two 

years 

Clinical nursing experience at least three years   at least three years 

Practical experience at least one year at least one year 

Method of certification  Paper-based exam & qualification  Paper-based exam & qualification  

Period of validity ---- five years 

Note�Each applicant must be a registered nurse and a member of TNIA. 

Also, in order to be an informatics nurse specialist, a nurse must already be certified in informatics nursing. 

5. Conclusion 

The development of nursing informatics is a current trend. Over the last 5 years, 

information technology has made rapid progress in Taiwan. The Taiwan government 

strongly encourages innovation of medical information. The hospital accreditation 

committee emphasizes the application of medical information more and more. Thus, 

hospitals of all sizes are eager to develop medical information systems. As a result, 

informatics nurses have to continuously learn about information technology as well as 

nursing knowledge and skills to help hospitals and nursing professionals be ready for 

the new era of medical information technology in the 21st century. 

References 

[1]  A reflection on nursing education in Taiwan from the perspective of introducing information technology 

into clinical nursing. Taiwan Association of Nursing Education Newsletter, 9. [cited 20th May 2016]. 

Available from http://www.tane.org.tw/newsletter_show.php?news_no=104 . 

[2] Feng, RC., Liu, JT., Chang, ML., and Wang, MH.: Assessing the feasibility of expanding the roles and 

functions of nurses: the roles and functions of informatics nurses. Research Project Number DOH099-

TD-M-113-099005. Taipei: Taiwan Nursing Informatics Association. ;2010. 

[3]  Informatics nursing curriculum. [Internet]. ; [cited 2th July 2016]. Available from 

http://ens.fy.edu.tw/files/11-1031-6344.php?Lang=zh-tw 

[4] Certification process for informatics nurses. [internet]; [cited 6th August 2016]. Available from 

http://www.ni.org.tw/ 

[5] Feng, RC., Lee, LY., and Lee, TY. (2015). The role development of informatics nurse specialists in 

Taiwan. J Nurs Res. 2014; 62(3): 23–29. 

T.Y. Lee / The Roles and Functions of Informatics Nurse Specialists in Taiwan100



Technology-Based Healthcare for Nursing 
Education Within The Netherlands: Past, 

Present and Future 
Ybranda KOSTER MSc,a and Cornelis T.M. van HOUWELINGEN MSc, RN 

b 
a

 Faculty of Nursing,University of Applied Sciences Inholland Amsterdam, The 
Netherlands  

b
 Research Center for Innovations in Health Care, Faculty of Health Care, Utrecht 

University of Applied Sciences, The Netherlands 

Abstract. At the present time, nearly all Dutch nursing schools are searching for 
suitable ways to implement technology-based healthcare in their curriculum. Some 
Universities chose elective education, others a mandatory solution. Several studies 
were executed to determine competencies needed by nurses in order to work with 
technology-based healthcare. In 2016 a nationwide new curriculum for nurses has 
been published. Providing technology-based healthcare is included under the core 
competencies of this new curriculum. All baccalaureate nursing educational 
institutes must implement this new curriculum at the start of 2016 which will have 
a huge impact on the implementation of technology-based healthcare in the 
education programs. In the future, technology centers from Universities will 
collaborate and specialize, partner with technology companies and crossovers 
between information and communication technology and healthcare education will 
be expanded.  
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1. Introduction 

Beginning in the fall of 2016, all nursing schools will offer education about 
technology-based healthcare. This chapter describes the history of how it got to where 
it is today. It begins by exploring the past education of technology-based healthcare in 
The Netherlands based on several examples of projects and programs. 

Afterward we will elaborate on the present implementation of technology-based 
healthcare within the Dutch education system. Examples from the Universities of 
Applied Science of Nursing, the Master Advanced Health Informatics Practice, the 
platform of Nursing and Healthcare Informatics (VZI) of the Dutch Professional 
Association of Nurses and Carers (V&VN) will be explored. The role of technology-
based healthcare in the new nationwide curriculum of “Bachelor Nursing 2020” will 
also be discussed. 

The chapter will end with a view on the future of technology-based healthcare 
within the Dutch education system. This will include the future plans on Nursing 
Informatics from multiple Colleges of Nursing and the ambitions of VZI will be 
elaborated.  
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J. Murphy et al. (Eds.)
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In this chapter the abbreviation ICT will be used. ICT stand for Information and 
Communication Technology. This term is used for the branch of Information 
Technology related to digital devices that are used to communicate or interact with 
digital information. The Dutch national institute for technology in healthcare is 
NICTIZ (National ICT Institute Healthcare). Since ICT is used in the name of the 
national institute and is commonly used in Dutch healthcare, the abbreviation ICT will 
be used in this article. 

2. The Past: 1983-2013 

The importance of attention for technology-based healthcare within the Dutch 
education system started early. One of the first publications about technology-based 
healthcare in the Netherlands is the article of Pluyter (1983) [1] in which early 
experiences in using a digitally integrated Hospital Information System are discussed. 
Pluyter indicates that it is important for the nurses who are involved in the construction 
of computer programs to orientate in the field of informatics, as well as the need for 
those involved in informatics to orientate in the field of nursing. This laid the 
groundwork for nursing education to implement technology content in the curriculum. 
The article ends with the statement: “To all appearances it is not the question whether 

nurses will use computer facilities, but the manner and extent to which this should be 
done. Obviously, it is the job of the nurses themselves to give to the desired result and 
the line of march.”   

2.1 Local initiatives 

Since 1983 there have been several local projects on technology-based healthcare in 
education. For example, in 1989 at the Noordelijke Hogeschool Leeuwarden, 
University of Applied Sciences, the development and implementation of Nursing 
Informatics courses started. A structured approach was used to develop Nurses 
Informatics education in four different courses. A modified framework was used, based 
on the framework of Ronald and Skiba (1987) [2]. With the use of this framework 
courses were developed for the Nurse Teacher program of the Noordelijke Hogeschool 
Leeuwarden, baccalaureate program of the Noordelijke Hogeschool Leeuwarden and 
the Nurse Scientist Program of Groningen University. This included one module on 
how to use the framework and one on education of Nursing Informatics. Learning 
contents were based on learning objectives and content was based on IMIA guidelines 
and existing courses [3].  

Seven years later, in 1996, the courses had changed. In the course for nursing 
instructors the focus became more and more on the specialized nursing informatics 
skills, since the computer knowledge of the students appeared to be sufficient in most 
cases. Instead new topics were included about integrated electronic patient records, 
information management and processing, classification and terminology issues, nursing 
minimum data sets, innovation of care and use of technology to support this.  In the 
baccalaureate program, Nursing Informatics was integrated in the program [4]. But this 
remained a local development. 

The University of Applied Sciences Inholland started with a course in 1991: 
“Hogere Opleiding voor Verpleegkundige Informatica” (Higher Education of Nursing 

Informatics), HOVIF for short. This course focused on promoting user-friendly use of 
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health informatics in primary care processes and in organizational levels. Since this 
was an open course, professionals from all over the country attended and spread the 
knowledge. Graduates from this course have contributed, in several ways, to the 
innovative use of ICT in several domains and activities in healthcare. The 
developments of this course have been intertwined with the developments in Dutch 
healthcare [5]. Yet it still remained a local initiative. 

Dutch nurses can graduate at one of three levels: intermediate vocational education, 
bachelor’s degree level education and master’s level education. Nurses can graduate at 
the intermediate vocational education level at ROC’s (Regional Education Centers). 
ROC’s were also searching how to implement technology into their nursing education. 
In Twente (a province in the eastern part of the Netherlands) one of the ROC’s started 

with a course “Care and Technology” in 2006. In this course nursing students and 

students of the application developers program of the same ROC worked together. The 
module included “special learning objects” such as the development of a Care 
Information Model (reusable building blocks for an EHR) and the development of 
functional requirements for EHR systems for continuity of care. [6]. Again, this was a 
local initiative of only one ROC. 

2.2 National initiatives 

In an attempt to nationalize the use of technology-based healthcare within the education 
system, the Dutch Association of Higher Healthcare Education (HGZO) started with an 
ICT project in 2002. Due to changes in the profession, a greater need emerged to 
develop specific ICT competencies and educational material for non-ICT courses, like 
nursing. The focus on this project was on Electronic Health Records. Three goals were 
established: identifying the professional competencies related to information 
processing and ICT, the development of educational tools to obtain those competencies 
and the support of the implementation of ICT related education.  

The project used key issues and results from previous work, including (among 
others) the Nightingale Project and Project Eductra, to determine the competencies 
needed. A start was made with competencies on five levels of skill: recognizing, using, 
evaluating, applying and integrating. For these levels a proposal for educational tools 
was made. The competencies that were developed ended up being less about ICT and 
more about healthcare than anticipated. Attempts to establish an Electronic Health 
Record for education failed due to high costs. An alternative was found by making 
simulations using screens of existing systems [7]. Though this initiative was national, it 
was free for the educational institutes to implement these competencies into their 
education. However, only a few Universities of Applied Sciences used these 
recommendations in their curriculum. 

In 2012 another push for a national curriculum for nurses was given by the V&VN, 
who published an advisory for the professional profile of the nurses in 2020 [8]. In the 
advisory the V&VN stated that ICT can mean a valuable step forward for direct care 
and in administrative tasks. The nurses of the future should be aware of technological 
developments like Electronic Health Records, screen-to-screen care and electronic 
monitoring. One of the important issues is standardization of both language and 
practice. In an increasing dependency of technology, the V&VN claimed, it is 
important that nurses (and their professional organization) have a clear role in the 
development. The advisory also laid the foundation for the “Bachelor Nursing 2020” 
profile, published in 2016, which will be described in the next section.  
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3. The Present: 2014-2016 

For many Dutch Universities of Applied Science in Nursing and other healthcare 
educational institutes the advisory from V&VN was a wakeup call to start technology 
in their educational program. As a result, more nationwide and local initiatives on 
technology-based healthcare emerged. Several institutes explored the required 
competencies on technology-based healthcare for nurses. Educational institutes still 
had different approaches to technology implementation in their curriculum. Some 
institutes choose for elective education while others integrate the technology into their 
core curriculum, thus making technology a mandatory element of the nurses’ education.  

3.1 Exploring required competencies for technology-based healthcare 

On December 10th 2014 a symposium was held on healthcare technology within the 
Dutch healthcare education system. This symposium was necessary because the current 
education taught too little on technology. Even more, there seemed to be an anti-
technology attitude within the Dutch healthcare education system. Traditional 
healthcare was often described as “warm care” while healthcare technology was 
described as “cold care”. Nurses tended to fill in the needs of their patients with 
comments such as “my patient isn’t capable of using technology, that is too difficult”. 

Important in the education was to learn about developments and possibilities of 
technology, learning ethical, social and social issues concerning technology. Change in 
the educational environment needed to start with a change in the teachers. Students had 
to develop an innovative attitude as well as a critical attitude, not every change is an 
improvement. Therefore an international minor “care and technology” was developed 
at Hogeschool Zuyd for bachelor-prepared individuals with at least two years of 
working experience to train them to become leaders in the use of technology in 
healthcare [9]. 

The symposium in December started with a view on the changes health education 
had to make on behalf of the report on health professions in 2030. During interactive 
sessions the participants were asked to reflect on which level a healthcare professional 
should master the competencies as were developed by Hogeschool Zuyd (completed 
with competencies from several publications). Most participants reflected soft skills 
concerning healthcare ICT where missing in the list of competencies. The symposium 
did manage to achieve that healthcare educators needed to start thinking about how 
they could implement ICT in their education together [10]. The “letter of inspiration, 

Technology in Healthcare” of the HGZO, a publication of this symposium, stated that 
22 competencies were defined as generic after at least 2/3 of the (120) participants 
stated these were the competencies every healthcare professional should achieve [11]. 
This showed that the question on how to implement technology into healthcare 
education is not just an issue for the nursing education but is a topic for every level of 
health education. This letter of inspiration intended to give a boost to the 
implementation of technology within the Dutch healthcare education.   

Meanwhile Utrecht University of Applied Science investigated which professional 
activities nurses can perform using telemonitoring devices, video conferencing and 
personal alarming and what competencies nurses need to possess in order to perform 
these activities effectively. In this research a panel of experts discussed the activities on 
relevance for nurses and discussed which competencies would be needed to execute 
these activities. Fourteen activities were identified and fifty-two competencies were 
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considered to be required for nurses to be able to execute these activities. Of the fifty-
two competencies, thirty-two were specifically for telehealth and were new 
competencies. Home care organizations and healthcare educational institutes benefit 
from this research by using the activities and the corresponding competencies as a 
starting point for their curriculum and education [12]. 

3.2 Elective courses about technology-based healthcare 

Some Universities of Applied Science chose to develop a minor or a separate course on 
technology-based healthcare instead of making it a mandatory part of their curriculum. 
The Fontys University of Applied Science of nursing founded an Expert Centre Health 
and Technology (EGT) in order to embed the technology in the education. In this 
center, students from different educational directions work together in a minor to 
design and develop solutions that improve the quality of life for people with health 
limitations or problems. In the third year of the education, students from nursing, ICT, 
design and other courses participate in a project. Usable prototypes are developed like a 
special click-lock brake system on walkers of hemiplegic patients or a robot dog with a 
ball to motivate elderly people to move [13].  

Another development in the elective programs is the HOVIF, discussed in the 
previous section. It evolved into a Master of Science program. The new program, 
Master of Advanced Health Informatics Practice (MAHIP), covers the professional 
roles of the Health Care Informatics: the information analyst, the designer, the adviser, 
the implementation manager and the project manager [14].  Students come from 
various settings of healthcare and welfare. Some are already working on the area of 
ICT and want to expand their knowledge others have interest or ambitions to work the 
area of health, welfare and technology. During the two years, the master’s students 
work on projects related to their own setting, so employers already see and benefit from 
the effects of the master during the program. One of the assignments is to develop an 
eHealth application in a patient centred design. In 2015 a pilot started where the 
eHealth applications designed, on paper, by students of the MAHIP were used in an 
assignment for the Informatics students of Hogeschool Inholland. The students made a 
working prototype of the application. One of these designs was so successful, it is now 
implemented in the intensive care unit where the MAHIP student who designed the 
application works. The implementation and evaluation of this application will be the 
theme of his thesis. After this success, more collaboration between the two educational 
directions will be explored.   

Nursing students from the Hogeschool Inholland have been working on a project 
to create a structured overview of available eHealth interventions organized by health 
problems which resulted in a table with brief information on the intervention, the name 
of the eHealth product and a document with further information on the eHealth 
intervention. A student from the MAHIP is making a database design which will be 
developed by informatics students. When the database is available, more project 
assignments will be given to nursing students to generate more input for the database. 
The plan is to publish this database online so that it can be used by healthcare 
professionals, patients, students and teachers. 

Most Dutch nursing schools have integrated nursing informatics in their existing 
curriculum, to a lesser or greater extent, by a minor or integrated in the curriculum. 
Saxion Hogeschool decided on another, creative approach. They started with a 
combined bachelor degree. The 4 year course of Health and Technology (Gezondheid 
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en Technologie) matches for 60% with the curriculum of the bachelor of nursing while 
the remaining 40% focuses on technology and innovation. A graduate receives a 
bachelor of nursing with expertise on health technology. In the curriculum health 
technology in the home environment, online aid and other technology use in healthcare 
are discussed. The students that graduate from this program are professionals that use 
modern technology and are able to contribute to the innovation of healthcare [15].  

At Hogeschool Zuyd a special day “Technology in Healthcare” has been held for 

several years now. In this day all students of the faculty of Healthcare: occupational 
therapy, speech therapy, physical therapy, nursing and midwifery participate. The day 
is opened by a lecturer and after that all students start working on assignments in mixed 
study groups. A market with participation of several vendors is held where the newest 
technology is shown and the students can try everything.  

3.3 Mandatory courses about technology-based healthcare 

At Utrecht University of Applied Science, lessons that were learned from a course on 
home telehealth for care professionals were applied to the curriculum of the nursing 
education. One of the lessons was that nurses are most interested in the question: “what 
does this technology add to the care of my patient?” In the lectures on technology-
based healthcare, this has become the leading question. Students are motivated by 
examples told by a patient or a nurse. During the curriculum, lectures on technology-
based healthcare are provided in courses on psychiatry, youth healthcare and chronic 
illness. In each lecture an aspect of technology-based healthcare is covered in class, 
such as privacy, self-management, laws and regulations and the influence of the role of 
the nurses. Learning to work with remote healthcare is also integrated in the curriculum 
in the form of a practicum and during their internship [16].   

Research on Assisted Living Technology (ALT: telecare, digital participation 
services and wellness services) showed not all Universities of Applied science pay 
attention to this technology. ALT could support healthcare for (especially) elderly 
people in order for them to be able to stay in their own environment for a longer period. 
In a study by van Houwelingen [17] a conclusion is drawn that lack of education could 
have caused the insufficient motivation of healthcare professionals to deploy ALT. The 
study has focused on two elements of ALT: personal alarming and telecare (screen-to-
screen care). Nursing universities from four countries in Europe (Spain, The 
Netherlands, Germany and The United Kingdom) where questioned on the education of 
personal alarming and screen-to-screen care in their educational program. Education on 
social alarming was first offered in 2013. Education on screen-to-screen care started a 
few years earlier, in 2011. In this short period a lot has happened, since today 
respectively 30% and 16% of the Dutch nursing schools are offering social alarming 
and/or screen-to-screen care. For the near future 40% of Dutch nursing schools are 
planning to offer education on social alarming. 33% of the Dutch nursing schools have 
plans to offer screen-to-screen care education in the near future. These amounts are 
very promising for the future of Nursing Technology within the Dutch education 
system. 

One of the institutes that uses ALT in their curriculum is the University of Applied 
Science Windesheim. Windesheim is one of the Dutch nursing schools who have 
incorporated screen- to-screen care in their curriculum; a skills lab is used for education 
on screen-to-screen care. In cooperation with the lectureship “ICT innovation in 

Healthcare” two classrooms have been designed to create the skills lab. One of these 
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classrooms is fitted with a one-way mirror and is used for observation. The other room 
is used as a technology care centre. Further on the campus another room is furnished as 
a living room. Both rooms are equipped with cameras and microphones to record sound 
and visual for analysis and evaluation. Also both rooms have iPads equipped with an 
app that can accomplish a save connection between the two settings, the same app is 
used in home care settings. The use of this skills lab has been intertwined in the 
curriculum along with practicums on Electronic Health Record and sensor 
technology [18].  

In 2016 the complete edition of the educational profile has been published. This 
profile is named “Bachelor Nursing 2020, a future ready educational profile” or 

BN2020 for short. This profile has been developed by LOOV in cooperation with all of 
the 17 Dutch Universities of applied sciences that offer nursing education. This profile 
creates the outline of the educational profile and is a firm base for the future. It 
prepares for the changes in healthcare that are already happening and the changes yet to 
come. This curriculum ensures that technology-based healthcare will become a 
mandatory part of the curriculum of all bachelor’s of nursing educational institutes. The 
universities themselves create their own curriculum based on these outlines.  

The new profile is based on the CanMEDS (Canadian Medical Education 
Directions for Specialists) roles: caregiver, communicator, collaborator, reflective 
EBP-professional, health advocate, organizer and professional and quality enhancer. 
The CanMEDS is a framework to deepen and describe the complex competencies. For 
every CanMEDS role, the concerning competencies and key concepts are described. 
These competencies and key concepts form the core of the profile. The knowledge and 
skills that operationalize these key concepts and competencies are described in a Body 
of Knowledge and Skills (BoKS). Even though eHealth can be integrated in (almost) 
every aspect of the profession in the BN202, the role of communicator specifically 
focuses on the use of technology with the key concept “the use of information and 

communication technology”. The knowledge that is necessary for this key concept is 

divided into knowledge, skills and attitude and are: 
 
Knowledge:  
� Knows the latest ICT applications aimed at improving and supporting 

communication in healthcare 
� Knows the latest information and communication technologies to organize and 

execute healthcare 

Skills: 
� Can use digital skills and available ICT applications to support the 

professional and personalized communication 
� Can adequately use ICT tools and e-health such as remote care 
� Can handle and use electronic nurse and multidisciplinary patient records 

(EHR) 
� Can find information on the internet and in professional nursing databases 

(national and international) fast and competent 
� Can use social media and eHealth programs  

Attitude: 
� Uses the potential of ICT in an integer and professional manner 
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� Shows an open attitude towards ICT innovations in healthcare [19]. 

Every university of applied science in the Netherlands will have to use the BN2020 
curriculum guidelines to create their curriculum; and all nursing graduates after 2020 
should have the knowledge, skills and attitude as described. It is up to the universities 
as to how they make sure their students reach these competencies at school and/or 
during their internship. 

4. The Future 2017-… 

In the years to come, the University of Applied Sciences of Inholland will start with the 
“Inholland Health and Technology Centre” (IHTC), a collaboration between the 

domain of the education for Technology, Design and Informatics and the domain of the 
education for Health, Sports and Welfare. The IHTC creates synergy in the triangle of 
education between the Education – Research – Professional fields, due to its central 
position. There is much to learn and research in the field of eHealth. Most knowledge 
still has to be placed in education. In the field there are many questions on acceptance, 
implementation and ethics. The IHTC want to link the field of healthcare and 
technology to the education of healthcare and technology and provide expertise to 
enhance a crossover of health and technology both in education and field. They will 
intermediate between field and students to execute projects form which will produce 
knowledge from which all involved will benefit. In this collaboration a minor eHealth 
will be developed, it will start out as an eHealth minor for the informatics students but 
the other educational directions will start to participate later on [20]. The IHTC will 
cooperate with the Vrije Universiteit Amsterdam (University of Amsterdam) and the 
technology centre of Hogeschool Zuyd to ensure progress in technology based 
healthcare. More cooperation and collaboration with other organizations are expected.  

Another development at Inholland is that the MAHIP course has attracted attention 
from professionals who work in the ICT business with a focus on healthcare. Therefore 
a special pre master’s program is being developed to familiarize the ICT-trained 
professionals with the ins and outs of healthcare so that they are able to follow the 
same programme as the students who already work in the health or welfare sector. This 
will further integrate the knowledge of both healthcare and ICT professionals.  

A thesis for the MAHIP research will be conducted to explore the expectations of 
the home care organization concerning eHealth competencies of graduate nursing 
students. With this information and an analysis of the current curriculum an advisory 
will be given to the education of nurses of the Hogeschool Inholland. Also, based on 
the advisory, an innovation project will be started to implement an eHealth application 
in the curriculum that will help students obtain these competencies. 

In 2017 the University of Applied Science Hogeschool Zuyd will set up an app 
café at their “Technology in Healthcare” day. There will be a challenge for the students 

to find the best app for a special target audience. Clarification of the criteria of quality 
will play an important role in this process.   

To give nursing the possibility to practice real life scenarios, the University of 
Applied Science of Utrecht started a collaboration with Verklizan, a European 
company offering telecare/telehealth services. Together they started with the creation 
of a simulated alarm and monitoring center and simulated home environment. In these 
settings several scenarios can be trained and healthcare technology can be tested and 
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experienced by the students (e.g. Google Glass, devices for self-measurement, 
videoconferencing, and personal alarming). The benefits for the company are 
publication and testing of their technology. The University benefits from this 
collaboration because the company supplies their newest technology for both settings 
and will replace this technology when new systems are available. Collaborations like 
these can make it possible for Universities to have up to date technology without 
having to purchase new equipment regularly.  

5. Conclusion 

Due to Bachelor Nursing 2020, the new Dutch nursing standard, all nursing 
Universities of Applied Science will have education on technology based healthcare in 
their curriculum beginning in the fall of 2016. Some universities will start with the first 
year students and evolve the curriculum for senior students during that year; others will 
start with a completely changed curriculum. This means that technology based 
healthcare will be part of every nursing school providing bachelor’s degree education. 
In the cooperation of knowledge centers, lectureships, healthcare practices and 
technology companies, technology-based healthcare will play an even bigger role in 
nursing education in the future. 
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Abstract Most of the health issues encountered in persons of older age are the 

result of one or more chronic diseases. The evidence base reports that chronic 

diseases can be prevented or delayed by engaging in healthy behaviors. Education 

provides a cost effective intervention on both economic grounds in addition to 

delivery of optimal patient outcomes. Information and Communication 

Technology (ICT) increasingly is viewed as a critical utility in eHealth delivery, 

providing scope for expanding online education facilities for older persons. 

Developing nursing competencies in the delivery of eHealth solutions to deliver 

user education programs therefore makes sense. This chapter discusses nursing 

competencies on the development of targeted eHealth programs for healthy ageing. 

The role of Advanced Nurse Practitioner in Ireland and its associated competency 

set identifies how a strong action learning model can be designed to deliver 

eHealth educational programs for effective delivery of healthy ageing in place.  

Keywords: eLearning, Competencies, Advanced Nurse Practitioner, Healthy 

ageing 

1. Introduction 

The proportion of the world’s population over 65 years is expected to rise dramatically 

in the next 30 years and will account for over 25% of the adult population in some 

countries. Recent World Health Organization (WHO) projections report a rise from 

12% in 2015 to 22% in 2050 of the world population being over 60 years of age – this 

equates to a rise from 900 million to 2 billion people in this age category [1]. Problems 

therefore arise with an ageing population to provide and match societal demands for 

care. Most of the health issues encountered in persons of older age are the result of one 

or more chronic diseases�[2]. In addition to chronic disease is the effect of ageing, 

which has been widely documented in the literature and referred to as the “Giants of 

Geriatric Medicine” [3]. The Geriatric Giants include – Instability, Incontinence, 

Immobility, Intellectual impairment and Iatrogenics. The Giants of Geriatric Medicine 

are of particular concern in older adults as they impact on the ability to function for 

those who are over 65 years with associated disabilities and multimorbidity. The 
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evidence base presents exciting opportunities reporting that chronic diseases can be 

prevented or delayed by engaging in healthy behaviors [1]. Core to the role of the 

Advanced Nurse Practitioner (ANP) is a need to maintain or support clients in health 

seeking behavior to maintain optimal health and independence [4]. 

In Ireland, advanced practice refers to registered nurses who engage in continuing 

professional development and clinical supervision to practice as expert practitioners 

and demonstrate exemplary clinical leadership. It is a recognized registration – 

Registered Advanced Nurse Practitioner – where nurses work within an agreed scope 

of practice and meet established criteria set out by Nursing and Midwifery Board of 

Ireland (NMBI) [5]. All ANP’s practice under four core concepts:-  

• Autonomy in clinical practice 

• Expert practice 

• Professional and clinical leadership 

• Research  

Each of the core concepts has specific competencies that the ANP attain. 

To operationalise this role effectively, the ANP provides significant time in 

educational interventions and related research activity. Education provides a cost 

effective intervention on both economic grounds and on the delivery of prospective 

patient outcomes [6]. Traditionally nurses have engaged with patients providing most 

of the education in the management and prevention of disease across all ages and all 

care settings. Nurses have also historically played a pivotal role in educational 

initiatives relating to chronic disease management [7, 8]. Recent policy agendas in 

regard to development of the Clinical Nurse Specialist and Advanced Nurse 

Practitioner role demonstrate an increase in patient learning, knowledge, and 

understanding leveraging in improved adherence to treatment, increased wellness and 

ultimately better management of chronic diseases and associated disabilities [4].  

The advancement of Information and Communication Technology (ICT) in 

healthcare and the development of nursing informatics over the past decade progresses 

the notion that the use of technology can be considered as a critical utility in health 

service delivery [9, 10]. In tandem with an ageing population this provides the 

framework for developing online education programmes to promote action learning 

models for healthy active ageing, better disease prevention and management and thus 

supporting the theory that health promotion needs to be delivered through education 

across all ages.  

Competencies are a key requisite to the professional development of all registered 

nurses and are outlined in scope of practice documents for nurses internationally 

[11,12,13]. To be safe and effective practitioners, nurses must demonstrate evidence of 

these competencies, and over time with experience, competency requirements can 

evolve within practice. Developing nursing competencies in delivery of eHealth 

solutions on service user education programmes therefore is timely and in line with 

global policy agendas as outlined by WHO [14]  

2. Competencies for development of eHealth programs for healthy ageing 

Use of a framework underpinned by evidence to clarify the role of nursing is necessary 

in competency development. According to Uys, competence is the ability to deliver a 

specified professional service and nursing provides a framework to clarify the role with 
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sound evidence of safe care through education and regulation [15]. The International 

Council of Nurses, Competence for ANP defines competency as the effective 

application of a combination of knowledge, skill and judgement demonstrated by an 

individual in daily practice or job performance [16, 17]. It is reflected in practice as:  

• Knowledge, understanding and judgement  

• Skills: cognitive, technical or psychomotor and interpersonal 

• A range of personal attributes and attitudes.  

Mapping the above principles for the development of eHealth programs for healthy 

ageing with one of the Giants of Geriatric Medicine – instability, as an example 

demonstrates the role of how an ANP can provide a specific nursing service, and have 

an impact on patient safety. Here we provide a summary overview of this mapping 

process and the associated outcomes as developed by an ANP of older persons in 

Ireland.  

2.1 Knowledge, understanding, judgement 

The ANP has extensive experience in older person care to identify the impact of falls 

on older adults and recognition of the need to provide education on the following facts:  

• Falls cause a lot of pain, discomfort and disability to older adults resulting in 

additional healthcare needs and additional costs to healthcare providers 

• Falls cause additional psychological trauma to older people resulting in social 

isolation, loneliness, anxiety and fear. 

• Falls are preventable and measures are required to reduce the risk of falls for 

older adults.  

In Figure 1, this particular message is conveyed as competency 1 impact.  

2.2 Skill: cognitive, technical or psychomotor and interpersonal 

The ANP through experience recognizes the need for an education program:  

• To create an awareness of the potential for falls in older adults and reduce the 

risk of falls in an ageing population. 

• To identify the medium to present the education in order to reach a wide 

audience as falls is a global phenomenon. 

• To identify the need to engage with an educational technologist to develop the 

online education material. 

Competency 2 is illustrated in Figure 1 as definition of scope and aims 

2.3 A range of personal attributes and attitudes 

• The ANP through working with this client group recognizes that a tailored 

individualized approach is important as clients may have a varied intellectual 

background. Education is pitched at a level understandable to all. 

• Education is easily accessible and underpinned by action learning.  

• Differing formats were developed to meet individual needs. 
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Figure 1: Mapping ANP Competency with ICNP Framework  

 

Identification by the ANP of the education requirements is portrayed as Competency 3 

in Figure 1  

Such an approach was used to develop a programme on creating awareness of falls 

and falls risk reduction – Forever Autumn
©

 as an online resource. Also, by adopting an 

action learning model and engaging with an Educational Technologist to develop the 

eLearning component with a view to reaching a larger audience within and beyond the 

organisation has proved most effective. [18] Initial evaluation and professional 

response to this program not only demonstrates its effectiveness but also exhibits how 

the skills and competence in nurses to enhance their practice is achieved through 

targeted educational programs. The competency framework therefore can provide the 

required elements for nurses to develop both personally and professionally to enhance 

quality of life of the patients in their care. 

This work, completed in Ireland in accordance with national and international 

healthcare strategy and policy agendas, has recently been recognized as a best practice 

initiative receiving a national award for best in health service delivery. It provided a 
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case example on how the participatory process of learning is achieved using Web 2.0 

technologies as alluded to by Spencer and Hussey [19] to teach, learn collaborate and 

create knowledge. Using a case study to assist individuals to learn about healthy 

ageing, the eBonehealth
©

 and Forever Autumn
©

 Falls Prevention Projects [20] portray 

core competencies acquired by an Advanced Nurse Practitioner (ANP) to design, lead 

out and deliver on an eHealth patient educational activity. Collaboration with other 

healthcare professionals is evident in the development of Forever Autumn Community 

of Practice
© 

(FACOP) which promotes the sharing of knowledge through an online 

platform [21]. This once again demonstrates the use of competencies to recognize the 

need for and use of skills required to develop essential education resources for 

intellectual disabilities community on bone health and falls prevention – (Figure 2) 

Happy Bones
©

 [22]. Figure 2 provides screenshots of the outcomes from Figure 1 

Mapping Framework. This paper concludes with figures 3 and 4 which offer summary 

detail of the access and dissemination of this programme internationally. To date the 

combined access to these sites = 3750 views. 

 

 

 

Figure 2: Happy Bones education resource to promote bone health and falls awareness in Intellectual 

Disabilities 
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3. Conclusion 

In addition to access and dissemination of the program, since its deployment in 2012, 

Forever Autumn as an educational programme has been implemented in more than 

twenty four Residential Care Settings across Ireland. It has also has been nominated 

and awarded a National Irish Healthcare Centre Award as a Department Initiative on 

Fall Prevention. The FACOP
©

 has a membership of 75 healthcare professionals from 

eight disciplines and national and international website visits as seen in Figure 3 while 

Figure 4 highlights the visits to the more recently developed Happy Bones
© 

website.  

 

 

Figure 3 International Perspectives – Forever Autumn Community of Practice Web Site 2015/2016 

 

Figure 4: International Perspective – Happy Bones Web Site2015/2016  
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The knowledge skills and attributes framework as defined by ICN and NMBI for 

ANP provides a clear structure to advance knowledge with experience to innovate and 

create educational programs for other similar eHealth initiatives. Additional evidence 

of this approach using a second Giant of Geriatric Medicine – incontinence, has 

produced an effective eLearning programme - Implementing and Supporting Holistic 

Continence Awareness [23]. 

The role of the ANP and its associated competency set as explained in this paper 

can provide a strong action learning strategy to organize and deliver eHealth 

educational programmes for effective healthy ageing in place. Future research includes 

creating additional eHealth educational programs to tackle the remaining Giants of 

Geriatric Medicine and also revising existing design templates for healthy ageing 

across all age groups in the life span.  
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Abstract. The IMIA-NIstudents’ and emerging professionals’ working group 
conducted a large international survey in 2015 regarding research trends in nursing 
informatics. The survey was translated into half-a-dozen languages and distributed 
through 18 international research collaborators’ professional connections. The 
survey focused on the perspectives of nurse informaticians. A total of 272 
participants responded to an open ended question concerning recommendations to 
advance nursing informatics. Five key areas for action were identified through our 
thematic content analysis: education, research, practice, visibility and collaboration. 
This chapter discusses these results with implications for nursing competency 
development. We propose how components of various competency lists might 
support the key areas for action. We also identify room to further develop existing 
competency guidelines to support in-service education for practicing nurses, 
promote nursing informatics visibility, or improve and facilitate collaboration and 
integration with other professions. 

Keywords. Nursing informatics, future trends, informatics competencies 

1. Introduction 

Following the 11th International Congress on Nursing Informatics (NI2012) in 
Montreal, Canada, the International Medical Informatics Association – Nursing 
Informatics (IMIA-NI) Student and Emerging Professionals (SEP) Working Group was 
founded. To date, the SEP has been successful in bringing together students in nursing 
informatics (NI) from around the world to engage in collaborative activities, including 
research.  

The SEP members engaged in 2015 in discussions about the future development of 
NI as a specialty field. Group members were interested in learning more about the 
current state of NI and how to best facilitate the advancement of the field. This led to a 
collaborative international study conducted by the SEP in the Autumn of 2015, which 
aimed to gather the perspectives of nurse informaticians from around the globe on 
current trends and future priorities for NI. 

In this chapter, we present an overview of the nursing informatics (NI) 
international trends survey that was focused on the thematic analysis of the question: 
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“What should be done (at a country or organizational level) to advance nursing 

informatics in the next 5-10 years?” In our previous study, we identified five key areas 
for action including research, practice, education, collaboration, and visibility [1]. This 
chapter discusses these results with implications for nursing competency development. 
The potential overlap and support for these key areas for action provided by existing 
national and international NI competency recommendations are also explored. Finally, 
we offer recommendations on how to achieve the best results in the five key areas for 
action, supported by various national and international NI competency and education 
initiatives. 

2. Nursing Informatics: a survey of current and future trends 

2.1. Study methods 

The SEP developed and distributed an international survey, which focused on current 
and future trends in NI. The questionnaire was created based on contemporary NI 
literature [2, 3] and recommendations from NI experts in the field. The questionnaire 
was translated from English into Arabic, Korean, Mandarin, Portuguese, Spanish, and 
Swedish. The translations were conducted by native speaking nurses with a background 
in NI. The translations were validated by at least two other NI professionals. The 
questionnaire had the following demographic questions: city, country, highest degree 
received, position (clinical or academic), professional background and years of NI 
experience, and a set of 18 questions regarding the current or future state of NI. This 
chapter focuses on the open-ended question: “What should be done (at a country or 
organizational level) to advance nursing informatics in the next 5-10 years?”  

The study received a supportive ethical statement from the ethics committee of the 
University of Turku in Finland, where it was coordinated. The survey was distributed 
online through Google forms. Any nurse or other allied health professional with 
experience in NI in the clinical setting or in academia was eligible to respond. We used 
snowball sampling and 18 SEP members from fourteen countries distributed the survey 
through their networks. The nurses who translated the original survey question 
translated the responses to the open-ended question into English for analysis. Data were 
collected from August to October in 2015.  

2.2. Thematic analysis 

All responses were saved into an Excel® spreadsheet and each answer was 
independently analyzed with thematic content analysis by two of the authors (CR, MT). 
This qualitative descriptive approach was used to identify, analyze, and report themes 
in qualitative data [4]. Each answer was examined independently by both authors and 
assigned one or more initial theme. These themes were then discussed by the two 
authors and a consensus of five major themes was reached. Thereafter, both authors re-
examined their analyses based on these identified major themes and they reached 
agreement regarding each answer [4]. The results were reviewed by two other authors 
(LP, LMP) for validation. 
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3. Survey respondents 

Out of 402 total survey participants, 272 (67.7%) responded to the question regarding 
recommendations on the advancement of NI. Responders were from 31 different 
countries in Asia, Africa, North and Central America, South America, Europe, and 
Australia. The majority of respondents were nurses (87.8%) with Bachelors (28.25%), 
Masters (39.75%), and PhD (28.75%) degrees. Clinical roles ranged from staff (33%), 
middle management (25.8%), upper management (16.4%), or other (24.8%). Training 
in NI varied: 57.8% of respondents did not receive formal education in NI, 32.9% 
received formal NI education, and 9.3% were current students or received education in 
another informatics field. Those identifying with academic roles included students 
(22.9%), teachers/instructors (16.9%), and professors (36.4%).  

4. Study results 

Five key themes for action were identified through the thematic analysis: 1) Education 
and training; 2) Research; 3) Practice; 4) Visibility; and 5) Collaboration and 
Integration. Figure 1 presents a word cloud of the most common words that appear in 
responses to the open-ended question on the next steps to advance nursing informatics. 
A brief summary of the key themes for action is provided in the following sections. For 
a more detailed discussion of these key themes, please refer to the original paper [1].  

Figure 1. Word cloud of the most common words that appear in responses to open-ended question on the 
next steps to advance nursing informatics. 

4.1. Education and training 

Survey participants frequently mentioned the need for better training and specialized 
NI education. There are many strong advocates for incorporating NI education into all 
levels of nursing learning (Bachelors-Masters-PhD level programs) and professional 
development training. Inclusion of informatics content was recommended as a required 
component of undergraduate nursing curriculums, staff nurses’ training and continuous 
education, and for nurses in leadership and administrative roles. Others further 
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highlighted the need for further development of specialized NI education in nursing for 
those who wish to pursue advanced NI specializations.  

4.2. Research 

Participants suggested that further investments should be made to advance NI research 
as this can generate more evidence on the benefits of NI approaches, e.g., improved 
patient safety or providing more efficient care. Participants identified significant topic 
areas as priorities for the future including big data science, standardized terminologies, 
education and competencies, clinical decision support, mobile health, usability, patient 
safety, data exchange and interoperability, patient engagement, and clinical quality 
measures [5]. Participants also recommended increasing NI specific research funding to 
advance the discipline. 

4.3. Practice 

Participants suggested that better health care quality and an increased availability of 
nursing-specific information systems are critically needed across the board, regardless 
of high or low adoption of health information systems. Participants also emphasized the 
importance of thinking beyond acute care and keeping patient outcomes at the center, 
rather than focusing on profession-specific terminology and issues. Usability was 
another key area identified as needing advancement. Another sub-theme was the need 
to establish and support specialist health informatics roles across multiple levels within 
organizations. For instance, the importance of having leadership roles in nursing 
informatics such as Chief Nursing Information Officers (CNIO) was highlighted as a 
way of ensuring the inclusion of nursing practice perspectives and considerations in the 
design and implementation of health information technologies. 

4.4. Visibility 

Participants pointed to the need to increase the awareness and knowledge of what NI is 
across practice, organizational, and policy levels, as well as to the public. Responses 
suggested that an important aspect of improving the understanding and perceptions of 
NI is demystifying it within the field of nursing as well as other disciplines. The ability 
to articulate the relevance and advantages provided by NI in health systems is an area 
for further development, identified by respondents. Many also pointed to the increased 
efforts that should be invested to ensure NI representation and leadership in high-level 
decision-making. 

4.5. Collaboration and Integration 

Participant recommendations centered on establishing a common voice across the field 
of nursing, with the aim of placing patient outcomes at the center. Others have 
advocated an integrated approach across all health informatics fields, where nursing 
informatics is harmonized with medical and other informatics sub-specialties. Overall, 
these thoughts reflected two key sub-themes around: 1) the integration and inclusion of 
all health professions as integral components of health information systems; and 2) the 
need for collaboration across health informatics disciplines in high-level strategic 
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planning, design, development, implementation, and evaluation of health information 
systems. Participants also pointed to opportunities for national and international 
collaboration and facilitating the exchange of expertise, knowledge, and resources 
across nursing organizations, clinical practice, and academia, as additional key areas 
for action. 

5. Nursing informatics competency recommendations to support the survey 
results  

5.1. Recommendations for NI education  

There are numerous historical and recently developed efforts that aim to address the 
survey recommendations on promoting NI education. So far, the focus on NI capacity 
building through entry-level nursing education programs seems to be a dominant 
approach. For example, the Technology Informatics Guiding Educational Reform 
(TIGER) led to the TIGER Informatics Competencies Collaborative (TICC) model in 
2010. The TICC was developed to function as informatics recommendations for all 
nurses and comprised of basic computer competencies, information literacy and 
information management (see section B chapter 3 for a more detailed discussion of the 
TIGER competencies). In agreement with our survey results, TIGER suggests that NI 
education should span across all levels of nursing learning, from baccalaureate to 
doctoral level. The TICC model focuses primarily on the competency needs of nursing 
students, practicing nurses, and advanced and expert skill levels relating primarily to 
practice. However, we suggest that the development of competency requirements for 
advanced and highly specialized NI education levels (i.e., doctoral level competencies) 
are areas for future development, as these are not currently well addressed in 
established competencies.  

Beyond TIGER, there are several other attempts at developing country-level NI 
education recommendations both for entry-level nursing practice and as continuing 
education efforts for experienced nurses. For example, the Canadian Association of 
Schools of Nursing (CASN) Entry to Practice Nursing Informatics Competencies’ 

recommendations target both students and faculty needs related to the use of 
information technologies [6]. CASN developed the entry-to-practice nursing 
informatics competencies so that faculty can have a better understanding of what would 
be expected of the nursing students upon graduation. CASN also developed resources 
and a toolkit for faculty to support integrating informatics competencies into current 
nursing education curriculums [7]. The CASN focus on education and knowledge 
needs not just at the nursing student level but also of nursing faculty (i.e., those who are 
responsible for ensuring these competencies are met by student nurses) addresses the 
survey recommendation of incorporating NI as a required component of undergraduate 
nursing curriculums. Specifically, addressing the needs of faculty ensures that 
infrastructure is built in order to deliver NI education to students in a way that can be 
sustainable. Similarly, one goal of the TIGER education and faculty development 
collaborative [8] is to encourage foundational investment in NI research, curriculum 
development, NI practice, and IT adoption. Detailed discussions of country-level NI 
education efforts in Brazil and South America, China and Asia-Pacific, Taiwan, the 
Netherlands can be found in section B, and in section B chapter 1 for New Zealand, the 
United States of America, England, Australia, Finland, and Canada. 
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The final recommendation from the survey relates to the further development of 
specialized NI education at advanced education and leadership levels, and for those 
who wish to pursue advanced NI specializations. An initiative led by the AMIA task 
force on the Knowledge, Education, and Skillset Requirements of Chief Clinical 
Informatics Officers, addressed this through provision of recommendations for skillsets 
needed in informatics and different education and training requirements for CNIO roles 
[9]. The report pointed to the need of a doctorate level training with leadership focus 
for CNIO positions. Specifically, the report highlighted that doctorate level education 
should prepare nurses for leadership roles spanning beyond the substantive aspects of 
NI, such as development and evaluation of programs, advocacy, conducting research, 
and understanding the financial aspects of NI. An important group that have been 
identified are nurse leaders and executives, who may not necessarily have NI 
substantive expertise but are responsible for making decisions around NI infrastructure, 
technology procurement, and the like. Existing competency recommendations suggest 
that nurse leaders should ideally have sufficient substantive informatics knowledge to 
thoughtfully inform decision-making about information systems in institutions. 
However, they do not necessarily need to be NI specialists themselves (see section D 
chapter 1 for a detailed discussion of Informatics Competencies for Nurse Leaders). 
Recognizing this important group, an instrument to assess NI competencies of nurse 
executives and leaders have been recently developed and is shown to be valid and 
reliable (see section D chapter 2). 

Students at the Masters level are envisioned to become experts in informatics lingo 
and foundational concepts delineated by the ANA’s Nursing Informatics Scope and 

Standards of Practice [10]. Masters level training can be a foundational first step 
developing advanced NI leaders, as graduates will be well-positioned to serve as nurse 
informaticians in clinical analytics, system configuration, IT training, and other tasks 
around the system development lifecycle, with the potential to build on this expertise 
towards higher level decision-making positions. Ideally, such educational preparation 
will initiate the continued development of competencies and capabilities for both 
CNIO-type roles and other nurse executive roles that oversee information systems 
decisions to serve on corporate tables and participate in high-level decision-making. 

5.2. Recommendations for NI research 

To address the survey recommendation of conducting more NI research, continued 
development of NI researchers with sufficient research skills is a foundational 
requirement. The research priorities identified by participants highlight the need for 
continued development in “traditional” quantitative and qualitative research methods, 
but also point to the need for researchers’ development and training in emergent 
methods. For instance, big data analytics has seen substantial emergence as a key 
research priority in future years and requires innovative research methodologies and 
approaches. Specifically, clinical knowledge and multidisciplinary skills on data 
management and research methods are needed to develop cutting-edge research models 
where big data science can be incorporated into nursing research (see section C chapter 
3 for a more detailed discussion of big data analytics). Another example is natural 
language processing, which requires the development of new sets of skills and 
expertise to best make use of narrative nursing data. Development of these 
methodological skills can also facilitate making use of standardized nursing 
terminologies in EHRs that can be mined to gain important insights into nursing care 
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and nursing-specific outcomes. As demonstrated by a recent systematic review, this 
type of NI research is limited, to date, with only ten of forty-five studies identified to 
have used of standardized nursing data from EHRs in research and those limited to 
only two countries (USA and South Korea) [11].  

A proposed research agenda for NI in 2008-18 highlight genomic healthcare and 
the role of environmental factors in health, data visualization,  predictive modeling, and 
development of middle-range NI theories, among other topics as areas where priorities 
should be focused [12]. Similarly, the most recent international survey examining 
priorities for research in NI identified two highly ranked areas of importance for 
research: 1) development of systems to provide real time feedback to nurses; and 
2) assessment of the impact of HIT on nursing care and patient outcomes [14]. The 
diversity and complexity of the topic areas mentioned above further underscore the 
importance of the development of skills in NI research. The importance of 
competencies in analytic and research methods appears to be an enduring aspect of NI 
research, as highlighted in earlier work [13]. 

The need for skills in NI research is supported by the work of Staggers et al. [14], 
who divide nurses into four levels: beginning nurses, experienced nurses, informatics 
specialists, and informatics innovators. They derived a research-based list of 281 
competencies for entry-level and experienced informatics nurse specialists. The 
competencies of experienced nurses, informatics specialists and informatics innovators 
all include some knowledge of nursing research from using computer applications for 
nursing research to advanced responsibilities such as developing conceptual 
frameworks and techniques in NI research. Finally, it is suggested that the highest 
levels of expertise (i.e. informatics specialists and informatics innovators), should have 
the skills in obtaining research funding [14]. We did not identify competencies aimed 
specifically at developing skills that will highlight the benefits of NI approaches and 
increase NI specific research funding. Further competency development work should 
examine the necessary skills such as advocating for NI specific research funding and 
knowledge mobilization or translation science.  

5.3. Recommendations for NI practice 

The survey findings highlighted the need for better inclusion of nursing practice 
perspectives in the design and implementation of health information technologies. This 
finding is underpinned by two key assumptions: 1) that nurses have opportunities to 
participate; and 2) that nurses will have sufficient understanding of health information 
systems in order to participate. Staggers et al.’s [14] competency list supports the 
second assumption related to the need for a foundational understanding of NI in order 
to participate – it includes nurses’ knowledge and skills to take part of system 
development and implementation processes. 

Addressing the second assumption is critical as specific skillsets are needed to 
implement and adopt evidence based information systems, educate other nurses on 
clinical technology, transform health care through the use of information technology, 
and translate policy into practice and delivery towards the aim of improving clinical 
outcomes. Indeed, this importance is illustrated by the various efforts towards 
providing continuing education and specialized NI training geared towards practicing 
nurses, including in Brazil the United States, Finland, Australia, New Zealand, China, 
and Taiwan (see section B chapters 1 and section B for detailed descriptions). However, 
it is important to highlight that the goal of increasing practicing nurses’ foundational 
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understanding of NI is only possible by addressing the first assumption that it is reliant 
on – ensuring nurses’ have opportunities to participate and engage with NI in practice. 
Further, efforts to establish a baseline understanding of NI for all nurses is arguably 
only possible through advocacy for the need of these specialized efforts and 
commitment to investment of resources by nurse leaders in health care organizations. 
One way this can be ensured is through the establishment of specialist health 
informatics roles across multiple levels in organizations (e.g., CNIO, NI specialists, 
etc.). 

The remaining survey findings around the need to increase nursing-specific 
information systems, thinking beyond acute care, broadening the focus beyond 
profession-specific terminology and issues, and issues related to usability of systems 
appear to have limited overlap with existing competency recommendations. Increasing 
the development and availability of nursing-specific information systems can arguably 
benefit from competencies related to advocacy and leadership development among NI 
professionals, in order to voice the importance of including such systems in health 
regions. Competency guidelines around working as part of multidisciplinary teams with 
various perspectives and expertise is another area of development that should be 
considered, perhaps in future iterations of existing competency recommendations. 
Finally, skills and knowledge related to NI in the context of public and community 
health are additional areas that can benefit from further focus and investigation. For 
instance, initial efforts can be focused on identifying public and community-health 
specific NI competencies across multiple levels of education and nursing experience, 
similar to what has been outlined in acute care (e.g., from baccalaureate nursing level 
to continuing professional nursing education) and identifying unique needs and 
requirements of nurses in these contexts related to usability. 

5.4. Recommendations for increasing NI visibility 

As NI visibility varies significantly across institutions and countries, advancing 
visibility and articulating the value of NI in health care systems relies on competencies 
related to leadership development and advocacy. Approaches to developing these 
competencies can, for example, include formal training in well-designed programs, 
board examinations and certifications, and the development of specialized NI roles [9]. 
A more detailed discussion of some these approaches in various countries can be found 
in section B chapter 1 and section B. In line with our survey finding, the need to invest 
in efforts to promote NI visibility has been acknowledged in the TIGER Leadership 
Collaborative report [15]. They recommend the development of programs for nurse 
executives that emphasize the importance of IT and empowers the user of health IT 
[15]. 

An important step in demystifying NI and increasing its visibility within nursing 
can involve targeting nursing students at early stages of education, which is what many 
of the competency recommendations focused on. Beyond targeting basic nursing 
education, CASN entry-to-practice competencies touch on the notion of visibility and 
inclusion of the nursing voice in health IT development, design, and implementation. 
For example, a CASN competency indicates that users of health information systems 
should “recognize the importance of nurses' involvement in the design, selection, 

implementation, and evaluation of applications and systems in health care” [6].   
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5.5. Recommendations to promote and facilitate collaboration and integration 

A clear understanding that the nurse informaticians role is imperative for collaborative 
work, both inside institutions and across settings and countries. Nurse informaticians 
collaborate with interdisciplinary teams to promote all aspects of health and develop 
better models of care for better outcomes. The need for specific competencies at the 
organizational level exists as nurses’ knowledge and skills in NI vary between setting 
and countries. There are numerous efforts to address NI competency needs through the 
development of country specific competency guidelines in connection with the TIGER 
initiative, for example in Germany, Austria, Switzerland [16], Ireland [17], Australia 
[18], New Zealand [19] and Portugal [20]. Efforts like that, supported by TIGER, are 
undoubtedly important first steps. However, the focus of TIGER and other competency 
recommendation efforts focus primarily on NI competencies as related to the acute 
setting, and more specifically, as related to the use of EHRs. Therefore, there is room 
for the development of broad, high-level general guidelines to steer NI education and 
practice at the (inter)national level that could support the development of standardized 
NI competencies across countries in contexts that are broader than acute care. In terms 
of broader efforts to promote collaborative working, perhaps one approach is to look at 
recommendations not limited to NI. For instance, this may include looking to the 
Interprofessional Education Collaborative Practice (IPEC) [21] competencies, as 
described in section A chapter 1. 

Recommendations to promote cross-organizational collaboration are mentioned by 
some existing competency recommendations. For example, The TIGER Leadership 
Collaborative report promotes the sharing of best practices through health IT and 
promotes alignment of health organizations with the American Nurses Credentialing 
Centre Magnet Recognition Program®, as a way to demonstrate excellence [15]. 
However, the skills needed by NI professionals in order to do so are not well described. 
Identification of these competencies, likely related to multidisciplinary collaboration 
and organizational dynamics, are areas requiring further development and should be 
considered in future NI competency recommendations. This can then provide the 
foundation to address the key recommendations made by the survey participants, 
namely, enabling the possibility for developing integrated approaches across nursing 
and the health informatics fields and have a unified voice in high-level strategic 
planning, design, development, implementation, and evaluation of health information 
technologies. Perhaps one possibility is drawing from recent efforts toward broadening 
of the work of TIGER to increase the focus on interprofessional and international 
issues, with the TIGER International Competency Synthesis Project, currently 
underway (see section B chapter 3). 

6. Limitations 

Our study has several limitations. First, the generalizability of our survey results is 
limited due to small numbers of participants from certain geographic regions (e.g. from 
African countries). The snowball sampling approach was also limited by the reach of 
our respective networks and only reached certain organizations and practitioners while 
others were not included. In addition, we only reviewed some NI competency 
recommendations and might have missed others.   
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7. Conclusions 

We conducted one of the largest international surveys to identify key areas for action in 
order to advance the field of NI. Qualitative analysis of the survey themes identified 
five specific key areas: education and training; research; practice; visibility; and 
collaboration and integration. In this chapter we suggested how components of various 
national and international guidelines and competency lists (e.g., TIGER, CASN, etc.) 
might support the key areas for action. We also identified room for further 
development of existing competency guidelines to support advancement of several key 
areas. For example, although several competencies exist to guide the education of 
nursing students, in-service education for practicing nurses and their competencies 
remain largely unaddressed. In comparison to efforts aimed at addressing NI education 
and practice, our search identified the need for further development to identify 
competencies necessary to promote NI research, NI visibility, or ability to collaborate 
and integrate with other professions and across institutions and countries. Although our 
survey results have limitations, we believe that the key areas and our suggestions can 
be used to evaluate and further develop NI competency efforts.  
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Abstract. The purpose of the implementation of nursing terminologies is to 

capture and process meaningful health data wherein facts about patients and 

nursing care can be recorded and inferences for nursing care, patient outcomes and 

associations with all care delivered by the interprofessional team can be made. 

This paper describes the clinical information landscape, implementation of 

semantic content, and competencies required for nurses. Health data can be 

outlined in a high level clinical information ecosystem where nursing 

terminologies can be represented for implementation. This ecosystem consists of 

both the structural and dynamic aspects of the support of care. 

Keywords. Semantics, Terminology, Data Models, Ontology, Competencies. 

1. Introduction 

Nursing has traditionally been using words to describe patients’ problems and nursing 

care and developing nursing terminologies to support their documentation. Today, 

approximately a dozen nursing and health terminologies are being used to support 

nursing practice documentation. During the 1990s, nursing focused on the development 

and application of these terminologies. Until recently, the adoption of Electronic Health 

Records (EHR) has been slow so there remain many paper-based patient records. 

Therefore, application of these nursing terminologies was not consistent in the EHR 

systems. The initial applications of nursing terminologies primarily focused on 

recording and classification of nursing data. However, since the adoption of EHRs is 

reaching a critical mass and the application of nursing terminologies becomes matured, 

the need for interoperability, in particular semantic interoperability of nursing data and 

patient outcomes, has increased.  Semantic interoperability is the ability for systems to 

exchange data and perform automated processing to interpret that data based on 

unambiguous and shared meanings. Semantic interoperability is essential for an EHR 

to be considered “meaningful”, in that the system can process, analyze, interpret, and 

exchange data based on the shared and pre-defined meaning of the data.  

The Nursing Terminology summits taught us that there could not be one “best” 

terminology solution [1]. In order to achieve semantic interoperability, it is important 

to use a standardized terminology. However, also the underlying information model of 

the EHR system is critical to assure unambiguous meanings of shared data. Current 

information model initiatives include Health Level 7 (HL7) v3 Reference Information 

Model based messages and templates, ISO 13606 and OpenEHR Archetypes from 

European standards (EN) and International Standards Organization (ISO), and EN ISO 

TS 13972 Detailed Clinical Models (DCM) [2]. HL7 Terminfo project is a project 
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dealing with how to use the information model in relationship with terminologies. This 

Terminfo project will be described in this contribution. 

However, as health IT is evolving, nurses need to learn how to deal with not only 

meaningful EHRs, but also with medical devices connected to the EHR, Patient Portals 

or Personal Health Records (PHRs), and apps that can be connected to either an EHR 

or PHR system. In the near future, the Clinical Information Ecosystem is going to be 

much broader than that of today’s EHR and PHR. It is going to be a fully connected 

health landscape, including mobile devices and connected Health Apps. In this context, 

we refer in this chapter to these systems broadly as Clinical Information Ecosystems.  

To effectively leverage electronic patient data for automated processing, analytics, 

and information exchange based on the defined meaning of the data for nursing 

practice, a minimum level of competency related to semantic interoperability is needed 

for nurses. According to COACH [3] competencies are the knowledge, skills, attitudes, 

and judgments required to perform activities safely and effectively in a broad range of 

environments and practice settings.  

2. Background 

Health information can be outlined in a high level clinical information ecosystem in 

which nursing terminologies can be represented for EHR implementation. This 

ecosystem consists of both the structural and dynamic aspects of the support of care. 

The structural aspect of the ecosystem (including devices, apps and systems) consists 

of data entry, services, databases, linkage to knowledge, communication and secondary 

use of data from a data warehouse. The dynamic aspect supports the workflow and 

decision support, among others.  

The purpose of the implementation of nursing terminologies is to have a 

meaningful ecosystem wherein data about patients and nursing care can be documented 

so inferences for nursing care and patient outcomes can be made. In the next section, 

each component of the ecosystem wherein a terminology can be implemented is 

described with the value, advantages and disadvantages of such an implementation.  

A terminology by itself has limited impact, however, the implementation of a 

terminology within an EHR system adds value to the ecosystem. One implementation 

approach is to bind a terminology to clinical information models, such as archetypes, 

detailed clinical models and HL7 templates.  

3. The Clinical Information Ecosystem 

To achieve semantic interoperability and enable the exploitation of clinical/ health data, 

it is important to use terminology in EHR systems consistently [4]. Unfortunately, it is 

common that independent healthcare systems use different EHR systems or 

terminology systems or that the local configurations of the same EHR system and 

terminology implementation are not aligned. During the SNOMED CT Implementation 

Showcase in 2014 the SemanticHealthNet proposed a semantic infrastructure 

consisting of an ontology framework and a set of ontology patterns (semantic patterns) 

that use the proposed framework as reference [4]. A more detailed discussion of 

ontologies and their relationship with terminologies is included in section 4.3. 
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With the addition of PHRs, devices and apps to the clinical information ecosystem, 

one can imagine that the problem of semantic interoperability dramatically increases. If 

we want to connect medical devices, apps, and the PHR with the EHR system, having a 

semantic framework for only an EHR system will not solve the problems of semantic 

interoperability. 

A terminology is not effective on its own. However, when it is appropriately 

implemented as an essential part of an EHR system, it delivers value as part of that 

system [5]. To meet user requirements, a terminology needs to be connected to an EHR 

system for data capture and retrieval in ways that maximize the power of the 

terminology. To realize the value, a terminology used in an EHR system must be fit for 

the purpose it intends to serve (e.g. representing clinical information, retrieving data, 

carrying out analytics and statistics etc.). However, implementation of a terminology in 

only the EHR system will not be enough to meet future requirements of the Clinical 

Information Ecosystem. 

Within the Clinical Information Ecosystem, identified purposes for implementation 

of a terminology include [6]:  

1. Data entry: capturing and displaying clinical information in EHRs, PHRs, 

medical devices and apps (terminology used as an interface terminology); 

2. Storing (clinical) information (terminology used as a code system);  

3. Retrieving clinical information (terminology used as an indexing system);  

4. Communicating in a meaningful way (terminology facilitating data exchange); 

5. Integrating heterogeneous data (terminology used as a common terminology); 

6. Secondary use of data for querying, analyzing and reporting data (terminology 

used as an indexing system);  

7. Linking systems, devices and apps to knowledge resources (terminology used 

as a dictionary); and  

8. Representing new types of clinical data (terminology used to extend 

knowledge) [5].   

Figure 1 illustrates the implementation of terminology services in a clinical information 

ecosystem. 

During the delivery of nursing care, data are captured in EHRs to record 

assessments and interventions, and support planning and decision making for the 

patient. These data are stored in a database and may be displayed to the 

interprofessional care team and patient through various user interfaces and patient-

facing portals. The stored data, either saved directly in the EHR database or sent to the 

data warehouse, can be used for reporting and analytics as well as quality improvement 

and research. Increasingly, PHR technologies, such as Patient Portals operated and 

managed by a health system, allow patients to enter and send wellness and health data 

for integration into the EHR. Expanded efforts are underway to integrate these data 

with the broader health ecosystem. Patients use devices and apps to monitor their 

wellness and these data will increasingly be transferred to and stored in PHR and EHR 

data bases. These types of personal device data can be displayed to the patient through 

the device, app, or PHR system.  
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Figure 1. Clinical Information Ecosystem, an abstract. 

 

Patient data can also be sent to different systems for the purpose of communication 

to maintain continuity of care. These models of information exchange are continuously 

expanding and include communication between EHRs and between PHRs and EHRs. 

Emerging models of information exchange use Apps to support continuity of care for 

specific use cases. These information exchange capabilities are bi-directional typically 

leveraging Application Programming Interfaces (APIs) from the EHR, PHR, or Apps to 

send or receive patient data externally. External data received into any clinical 

information system should have adequate metadata (i.e., data about the data such as its 

provenance) to ensure that data displayed to clinical end-users and patients, and any 

inferences made for analytics or clinical decision support can be validated and tracked. 

Clinical content in a clinical information system (stored as clinical data elements) 

can be linked to knowledge assets via terminology and standards such as Infobutton 

services to support the implementation of evidence based nursing care and to provide 

context-specific knowledge to the nurses at the point of care [7].   

Data in clinical information systems can lead to development of new knowledge 

through reporting, research and analytical processes. Data-driven new knowledge can 

be used to refine data definitions for unambiguous data capture, optimize user interface 

visualizations and data entry displays, and evaluate and design clinically relevant 

decision support systems. 
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Terminology services are needed to support the functionality described above and 

displayed in Figure 1. The use of standardized terminology in clinical information 

systems is critical to communicate nursing practice activities with the multidisciplinary 

team and capture the impact of those activities on patient outcomes. The representation 

of nursing knowledge in a meaningful way across disciplines and care settings is 

needed to meet the requirement to deliver quality patient care, and achieve efficacy, 

efficiency and cost containment. Recording nursing care within EHR systems enables 

data-driven demonstration of the impact of nursing care on patient outcomes and 

validates the significance of nursing practice [8].  

The key challenge in demonstrating the impact of nursing care on the patient 

outcomes is to identify specific concepts of nursing activities within a vast set of 

clinical documentation, capture those data in a structured coded way, and link those 

data with other relevant concepts of coded clinical activities and outcomes. A clinically 

validated, semantically rich, controlled terminology enables identification of concepts 

for clinical assessments, activities and outcomes within documentation.[5] Linking 

those concepts to terminologies supports meaningful use of EHR data [5]. SNOMED 

CT is one of the concept oriented clinical terminologies that enables identification of 

clinical concepts for both continuity of care and the secondary use of patient data.�

4. Semantic content 

4.1. Terminology 

The core process for nursing information management consists of the following 

components [9].  

• assessment: the systematic and dynamic collection and analysis of data about 

a client;  

• diagnosis: the clinical judgment of a nurse about the client’s response to actual 

or potential health conditions or needs; 

• outcomes and planning: together with the client the nurse sets measurable and 

achievable short- and long-term goals (based on the assessment and diagnosis) 

for this client; 

• implementation: nursing care or interventions are provided for the purpose of 

continuity of care, and documented in the client's EHR;  

• evaluation: the client’s status and the effectiveness of the nursing care is 

continuously evaluated, the care plan modified as needed.  

To document the elements of this process with sufficient detail, standardized data 

elements with bindings to terminologies, as well as free text capabilities to capture 

unique data descriptions that were not anticipated or modeled in advance are required. 

Significant efforts to capture nursing process data have focused on nursing 

terminologies, which will briefly be described. 

Currently there are at least 12 terminologies that support nursing practice. These 

include: NANDA (North American Nursing Diagnosis Association- Nursing 

Diagnoses), NIC (Nursing Interventions Classification), NOC (Nursing Outcomes 

Classification), Nursing Management Minimum Data Set (NMMDS), (Systematized 

Nomenclature of Medicine Clinical Terms) (SNOMED CT), Nursing Minimum Data 

Set (NMDS), ABC Codes, Logical Observation Identifiers Names and Codes 
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(LOINC®), Omaha System, Clinical Care Classification, Preoperative Nursing Data 

Set (PNDS), and the International Classification for Nursing Practice (ICNP) [10]. 

With the development of more advanced Natural Language Processing (NLP) tools the 

meaning (also known as semantics) from free text data entry can be extracted [11]. 

However, use of NLP also requires the use of terminologies to assign the proper 

semantics. The choice of a terminology depends on several factors, such as breadth and 

depth of coverage for the intended content domain, licensing costs, and local expertise. 

Other considerations include availability of electronic versions for a terminology 

service and proper coding in the terminology.  

While the choice of a particular terminology can be made at a local level to meet 

the particular needs of an organization, to enable data exchange and semantic 

interoperability across systems and meaningful associations with patient data 

documented by other clinical professions, the terminology selected should be mapped 

to reference terminologies such as SNOMED CT, ICNP or LOINC. SNOMED CT is a 

well-recognized standard clinical reference terminology owned and distributed around 

the world by the International Health Terminology Standards Development 

Organization (IHTSDO). ICNP is an integral part of the global information 

infrastructure that informs health care practice and policy to improve patient care 

internationally [12]. LOINC is a database and standard coding system for tests, 

measurements, and observations. Data exchange standards such as HL7 use LOINC to 

electronically transfer diagnostic test results between different electronic health 

systems. Concepts from some nursing terminologies are mapped to SNOMED CT and 

LOINC. These mappings include concepts for nursing observations and assessments, 

nursing problems/diagnosis, nursing interventions, and patient outcomes. 

Nursing observations are a type of nursing assessment. The assessment concepts 

include two components: 1) questions and 2) answers. Each component is handled with 

a unique approach for terminology mapping. An example of a nursing assessment 

question is: “What is the patient’s pain location?” and may be included as a data 

element name on an EHR form or flowsheet. A nursing assessment answer for this 

example question may be:  “upper right abdominal quadrant” and can be referred to as 

the value, which may be part of a coded value set for anatomical location. Nursing 

assessment questions can be coded using LOINC and nursing assessment answers can 

be represented as values using SNOMED CT. Therefore, in this example the question 

“What is the patient’s pain location?” can be coded using LOINC and the answer value 

“upper right abdominal quadrant” can be coded using SNOMED CT. This approach 

can be recommended for all nursing assessment concepts with one exception: this is not 

done when a validated instrument is included in LOINC in its entirety (e.g., questions 

and answer values are included and coded). More work is needed to identify and 

standardize recommended value sets for representing assessment "answers" in 

SNOMED CT for a particular clinical assessment and this work should leverage 

Nursing Terminologies that are mapped to SNOMED CT.  

SNOMED CT includes a Nursing Problem List Subset and nursing terminologies, 

such as ICNP, that are already mapped to SNOMED CT and follow the existing 

SNOMED CT process for adding additional problem concepts to this subset to drive 

consistency of use [13]. Nursing interventions can be modeled with SNOMED CT. 

This model is consistent with ISO 18104 and ICNP both of which separates out 

activities by type of action (e.g., assess, teach).   
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There is varied level of adoption in the use of both LOINC and SNOMED CT for 

outcomes. If a patient outcome is a measurement, this can be coded using LOINC as a 

LOINC observation. If it is an observed assessment that a patient state has improved, 

this can be coded using SNOMED CT. Many validated instruments that are proprietary 

cannot be put into standard terminologies that are freely available, such as LOINC. 

This is a barrier to interoperability and subsequently, has downstream impacts. Further 

work is needed to identify best approaches for using these proprietary instruments in 

conjunction with/mapped to standard terminologies, particularly LOINC.   

According to the ICN [14] ICNP can also be used for the documentation of nursing 

care based on the nursing process. ICNP provides a dictionary of terms and expressive 

relationships that can be used to describe and report nursing practice in a systematic 

way. Data collected using ICNP can be mapped to SNOMED CT[15, 16]. The 

ICN [14] states that the resulting information is used reliably to support care and 

effective decision-making, and inform nursing education, research and health policy. It 

is intended for the nursing domain and thus it is difficult to share with other domains. 

However, the potential benefits of a consistent approach to capture nursing data can be 

used to deliver the value of nursing care.  

4.2. Clinical Information models 

Various examples of clinical modeling initiatives exist. Clinical modeling work started 

with the two level modeling approach for EHRs by Rector et al [17]. Rector et al split 

the basic EHR system functions and the specification of medical content into two levels, 

each handling parts of the EHR functionality. Level one describes the basic system 

functions and level two specifies the required clinical content. Examples are described 

below. 

������ HL7 v3 Reference Information Model  

Health Level Seven (HL7) is an international standards development organization. The 

mission of HL7 is to provide standards for the exchange, management, and integration 

of data that support clinical patient care, including nursing care, and the management, 

delivery, and evaluation of healthcare services [18]. The Reference Information Model 

of HL7 (HL7 RIM) version 3 is a comprehensive, non-discipline-specific, object-

oriented information model of patient care and of the providers, institutions, and 

activities involved [19]. The HL7 RIM represents health care concepts for which 

information needs to be available, processed, and exchanged [19]. The HL7 RIM uses 

an object oriented approach, the Unified Modeling Language (UML) [20]. The HL7 

RIM has six core classes and their relationships: “Entity” (e.g., any person, institution, 

material), “Role” (a role the entity normally has, such as “Patient” or “Physician”), 

"Role Link" (a feature to relate different roles to each other, such as patient to nurse), 

“Participation” (the actual behavior of an entity in a specific act) and “Act” (any health 

related activity). The “Act” class also has an “Act_Relationship” class, which allows 

combining and relating Activities as necessary. The Act_Relationship class allows 

instances of Act to be “collected” in sections such as: 1) container (vital signs contains 

heart rate, blood pressure, etc.), 2) rules (care plans, protocols, etc.), and 3) judgments 

(such as medical or nursing diagnoses). Several RIM classes also have subclasses. The 
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RIM classes have specific characteristics such as the attributes as time, codes and 

values. Typical UML features as Relationships between classes, Specialization (adding 

characteristics) and Cloning (duplicating of classes and their characteristics) make it 

possible to create representations that are meaningful for healthcare. To ensure overall 

consistency of the standard, these features must be handled carefully, in order to allow 

interoperability of data within and between different information systems [19].  Further, 

the classes have behaviors, allowing the dynamics of care to be expressed. Integrating 

nursing data standards with the HL7 RIM helps to apply information modeling in the 

nursing domain [21]. For instance, the representation of the nursing process as a 

dynamic series of phases includes the following [21]:  

• Data collection or assessment 

• Diagnosis 

• Identification of goals or desired outcomes 

• Planning of interventions 

• Implementation of treatment and care 

• Evaluation.  

 

Another initiative is the Fast Health Interoperable Resources (FHIR) ® from HL7 

[22]. Unlike HL7 RIM v3 approach, FIHR does not require all content to be specified 

according the standard, but allows extensions. The assumption is that FIHR 

standardizes 80% of the use cases and clinical data. FIHR uses technology supporting 

apps and devices, such as Restful interfaces and JSON. A caveat is that FIHR allows 

non standardized content, this might be a risk for interoperability [22].   

������ CEN ISO 13606 and OpenEHR Archetypes 

The group of EN ISO 13606 standards (consisting of 5 parts) developed within CEN 

and approved by ISO, are designed to achieve semantic interoperability in the EHR 

communication [23]. Its overall goal is to define a rigorous and stable information 

architecture for the communication of a part or all of the EHR about a single subject of 

care (patient) between EHR systems, or between EHR systems and a centralized EHR 

data repository [23].  

The Dual Model architecture defines through a Reference Model a separation 

between the core system functions and basic, and specific clinical knowledge based on 

archetypes.  

The development of archetypes is carried out since the approval of the EN ISO 

13606 standard. Archetypes are both ‘computable definitions of single, discrete clinical 

concepts’ and ‘computable expressions of a domain content model in the form of 

structured constraint statements [24]. Archetypes are based on a Reference Model, 

either the EN ISO 13606 Reference Model or the OpenEHR Reference Model [25,26], 

and created using Archetype Definition Language, an abstract human-readable and 

computer-processable syntax [24].  

The clinical concept definitions in an archetype are described in an artifact that 

allows operations in compliant EHR systems [27]. Each archetype is designed to be 

inclusive of all attributes about a given concept. The openEHR Clinical Knowledge 

Manager [28] is an online resource to develop and store archetypes and on which a 

formal content review process can be initiated and carried out. There are minor  
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differences between the 13606 and OpenEHR archetypes. These differences are 

preliminary based on the fact that EN13606 is a few years old and stable, and 

OpenEHR has moved further based on experiences in projects. However, the EN13606 

Association has recently worked on implementations of the 13606 archetypes. 

������ EN ISO TS 13972 Detailed Clinical Models (DCM) 

Currently there are several initiatives around detailed clinical modeling. These will be 

described briefly. Intermountain Health Care creates and deploys Clinical Element 

Models (CEM) in their electronic patient records. The University of Minnesota Big 

Data Science Conference is focused on detailed clinical modeling for nursing flow 

sheet data [29].  The ISO 13606 archetypes/ OpenEHR archetypes are described in the 

paragraph above, however it is important to mention their large collection of available 

archetypes, which are a kind of clinical models. HL7 creates various v3 RIM compliant 

templates for use in for example the Care Record message and Clinical Document 

Architecture (CDA).  Researchers in Korea developed and published a large set of 

Clinical Contents Models (CCM), and clinical models on nursing 

assessments/observations and nursing actions/interventions. Korea uses these DCMs 

with nursing content to generate structured nursing narratives using natural language 

generating systems. These structured nursing narratives are imported into electronic 

nursing records system so nurses can use nursing documentation [30,31]. Unfortunately, 

they are developed in Korean and not available on the web. The Netherlands created 

about 300 DCMs based on Unified Modeling Language (UML).  

The ISO Technical Specification 13972 on Detailed Clinical Models expresses the 

requirements for clinical models independent of the logical modeling approach or the 

technical implementation formalism of choice [32]. It is beyond this contribution to 

discuss all of the TS 13972, but the core will be presented here. The core requirements 

for clinical models are: name for each data element in the model, definition of the date 

element, unique binding of the data element to a unique code from a standardized 

terminology, data type, if data type is a physical quantity then the unit must be added, if 

data type is a coded element with a value set, then the value set must have an identifier 

and each value must have an unique code. Hence, several examples of clinical 

modeling mentioned above qualify as DCM.  

������ CIMI models 

The Clinical Information Modeling Initiative (CIMI) is currently an HL7 work group 

providing a common format for detailed specifications for the representation of  

health information content [33]. The goal of CIMI is to achieve semantically 

interoperable information that is created and shared in health records, messages, and 

documents. 

The CIMI approach takes into account a basic meta model in UML (BMM) to 

define clinical models.  CIMI further uses the archetype definition language (ADL) 

from ISO 13606 / openEHR, but upgraded this to version 2.0 which overcomes many 

of the limitations of older archetypes. For instance, ADL 2.0 now includes code 

bindings to terminologies. 
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Figure 2. Relationship between Terminology and Detailed Clinical Models (Park et al, 2012). 

4.3. Why do we need ontologies in healthcare applications? 

An ontology is an explicit formal specification of the terms in the domain and relations 

among them [34]. It includes explicit description of concepts in a domain of interest 

(classes), properties of each concept describing various features and attributes of the 

concept (slots), and restrictions on slots (facets) [35]. Classes are the focus of 

ontologies. We develop ontologies to separate domain knowledge from the operational 

knowledge, to analyze domain knowledge, to share common understanding of the 

structure of information, and to reuse domain knowledge.  

Healthcare ontologies define concepts that are represented in healthcare – patients, 

their symptoms, their diseases, treatment and so on. An ontology is a comprehensive 

representation of relevant concepts, whether or not the data for each concept are always 

known to the clinician. For example, all patients have a diagnosis; however, the 

diagnosis may not be known or recorded. Standardized and structured vocabularies 

such as SNOMED CT and the semantic network of the Unified Medical Language 

System are examples of healthcare ontologies.  

Ontology is different from coding systems and information models. Rector, Qamar, 

and Marley [36] described the relationship between ontologies, coding systems, and 

information models in their paper titled "Binding Ontologies & Coding systems to 

Electronic Health Records and Messages". Ontology is our understanding and 

conceptualization of the world. A conceptualization is an abstract, simplified view of 

the world that we wish to represent. Ontologies are based on an "Open World 

Assumption" (which means essentially that Anyone can say Anything about Any topic).  

Information models of data structures describe and constrain how the data is stored 

in database and transmitted in messages. Information models of data structures are 

based on a Closed World Assumption (CWA). This means that any statement that is 

not known to the message or database are considered false as opposed to unknown. If 

an information model has a field for diagnosis, that field cannot be missing for any 

given patient, but it can be empty, that is there is no value inserted.  

Codes are symbols to be used in data structures. Although coding systems are 

derived from ontologies, coding systems in contrast contain an enumerated list of codes 

to choose from. Rector, Qamar, and Marley [36] propose a code binding interface 
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between the models of meaning (i.e., the ontology), the model of codes (i.e., the 

terminology) and the information model.  

Thus, based on the relationship between ontologies, coding systems and 

information models proposed by Rector, Qamar, and Marley [36]: We first need to 

create an ontology to describe our conceptualization (or understanding) of the world. 

Second, we derive an enumerated list of codes called code system from the ontology. 

Third, we use the codes in healthcare applications databases and messages which are 

data structures. Last, we validate the binding between the ontology, the information 

model, and the code. 

Creating an ontology includes: defining classes in the domain, arranging the 

classes in a taxonomic (subclass–superclass) hierarchy, defining slots and describing 

allowed values for these slots, and filling in the values for slots for instances. A 

knowledge base can be created by defining individual instances of these classes and by 

filling in specific slot value information and additional slot restrictions.  

Given the complexity and scale of healthcare knowledge today, the use of 

ontology-based reasoning will become essential in applications such as health 

terminologies, clinical knowledge management for clinical decision support, and big 

data analytics. See for instance section C chapter 3. Ontologies are being used for 

health terminology development, integration and evaluation. Schuster and 

Stuckenschmidt used ontologies for terminology integration [37], Rector, Brandt, and 

Schneider [38] used an OWL representation of SNOMED CT to unearth errors in 

SNOMED CT hierarchies. ICD-11 is being developed using OWL to allow consistency 

checking and linking to other biomedical terminologies and ontologies.  

Ontologies are being used for modeling the medical knowledge contained in 

Clinical Practice Guidelines (CPGs) and Care Pathways (CPs). Zheng et al.[39] 

introduced guideline representation ontologies for evidence-based healthcare practice. 

An ontology in this context is a specification of conceptualizations that constitutes 

evidence-based clinical practice guidelines. A guideline representation ontology would 

define a set of medical decisions and actions (concepts), as well as a set of rules 

(relationships) that relate the evaluation of a decision criterion to further reasoning 

steps or to its associated actions. Several ontology-based approaches to modeling CPGs 

and CPs have been proposed in the past including PROforma, HELEN, EON, GLIF, 

and SAGE. Peace and Brennen [40] used ontology design methods to create a nursing 

representation of family health history.  

An ontology can be used to address the semantic challenges presented by big data 

sets created from diverse sources in healthcare [41]. The availability of big data in 

healthcare has introduced complexities that we must address, not only in terms of 

semantics and analytics but also in terms of data management, storage, and distribution. 

Currently, the capabilities to analyze, and manage big data sets have underscored the 

limitations of our analytics capabilities supported by relational database management 

systems. An ontology-based approach to data analytics provides a practical framework 

to address the semantic challenges presented by big data sets. 

4.4. Interdependencies between Terminology and Clinical Information Models 

There is a dependency between terminology and clinical information models. The way 

the terminology is used in, for instance an EHR system, is depending on the 

information model and the structure of that EHR system. Park and Hardiker [42] 

describe in their article that attempts to standardize the capture, representation and 
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communication of clinical data rely upon three layers of artifacts to represent the 

meaning of clinical data. They describe that semantic interoperability solutions include 

generic reference models, data models and terminologies. These three layers for 

representing clinical data include reference models such as HL7 Reference Information 

Model (RIM), and the EHR Reference Model; agreed clinical data structure definitions 

such as openEHR archetypes, HL7 v3 templates, and DCMs; and clinical terminology 

systems, e.g LOINC, ICNP and SNOMED CT. 

Semantic interoperability is the exchange of information in such a way that the 

receiving application is able to retrieve and process the communicated information in 

the same way as that information is managed in its original application. The meaning of 

the information must be represented in an agreed upon, consistent and adequate format 

to meet this requirement [43]. 

The IHTSDO is representing the interdependencies between SNOMED CT and 

structural EHR models, like ISO 13606, OpenEHR and HL7 v3, as pieces of the puzzle 

that fit together because of the use of terminology binding, see Figure 3. 

 

 
Figure 3. Interdependencies between SNOMED CT and structured EHR models [44] (used with permission). 

 

Terminfo focuses on a specification of an approach to resolve issues related to the 

interface between HL7 information models and various terminologies or code systems. 

This example is often used in other information modeling approaches such as 

archetypes and DCMs. The terminology binding is the focus of the HL7 Terminfo 

project, because similar information can be represented in varied and potentially 

complex ways (Figure 3). The HL7 Terminfo project develops specific guidance on the 

use of SNOMED Clinical Terms (SNOMED CT) concepts in the HL7 Version 3 

communication standards [45]. 

Since an ontology is a model of a domain describing objects that inhabit it, all 

described data models can be thought of as ontologies. Hence, ontologies range from 

the most expressive one that describes business concepts and processes (the conceptual 

model) to less expressive and progressively moving from describing business 

semantics to describing physical structures of the data as it is stored in the databases 

(the logical and physical data model). A physical model can be thought of as an 
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ontology of a particular database. Thus, in clinical modeling, a collection of different 

ontologies is usually required. 

5. Integration of clinical knowledge, information models and terminology 

5.1. Application in connected health 

Nursing care, as part of healthcare, can be seen as knowledge intensive and information 

is a key factor within, and enabler of, the nursing care system. To place accurate, 

complete information at the hands of nurses when and where it can best support quality 

patient care, and to enable sharing and use information in a meaningful way throughout 

the healthcare system is the purpose of an EHR system. The objective is better 

outcomes for patients, populations and the healthcare system as a whole [46].  

An example of implementation of nursing relevant terminology in HL7 version 3 

consists of perinatal data that are exchanged for both clinical and reporting purposes 

[47]. Use cases from perinatology were modeled using the Health Level 7 version 3 

Reference Information Model (HL7 RIM). The results of this project include 

descriptions of care processes and communication of information.  Several domain 

information models for perinatology were drawn up. These models allow healthcare 

professionals to recognize their communication, content and work. Examples include 

the referral from a midwife to a gynecologist as a process, the obstetric assessment as a 

large structure, the Apgar score as an assessment scale, and birth weight as an 

individual observation. These examples represent data models from the business level 

to the most detailed level.  

Another example is presented by Hübner et all [48] who created the eNursing 

summary, based on the HL7 version 3 Clinical Document Architecture (CDA). The 

eNursing Summary was developed on the basis of several internationally accepted 

concepts, such as various nursing data sets, the nursing process, and the ISO 18104 

Reference Terminology Model for Nursing [49]. Examples of the content include 

nursing assessments, diagnosis, goals, procedures and outcomes. Further, it includes 

the HL7 version 3 representation of a patient biography, references to legal documents, 

the homecare status and medical information as the medical diagnosis and medication. 

The eNursing Summary project standardized the content during several phases in 

which nursing experts were involved to validate the structure and content of the 

summary. Finally the eNursing Summary was evaluated within a large network of 

healthcare organizations.  

The integration of clinical knowledge, information models and terminology 

enables the implementation of evidence based care represented in clinical guidelines, 

specified in information models and bound to terminology. Park et al [50] tested the 

feasibility of an electronic nursing record (ENR) system for perinatal care that was 

based on detailed clinical models (DCMs) and clinical practice guidelines (CPGs). 

Also in this work, components of DCM were mapped to ICNP. This study was carried 

out in five steps: 1) generation of nursing statements using DCMs, 2) identification of 

the relevant evidence, 3) linkage of nursing statements with the evidence, 4) 

development of a prototype ENR system based on DCMs and CPGs, and 5) evaluation 

of the ENR prototype system, including decision support. Figure 4 shows the elements 

of the ENR prototype system plotted in the overall EHR system design. 
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Standardization of elements in clinical guidelines enables the implementation of 

decision support [51]. In their SNOMED CT Showcase presentation, Lee & Cornet 

showed the elements in the clinical guideline which must be standardized, examples are 

Problem List and Encounter Diagnoses, Medications, Laboratory tests, and Laboratory 

test result values. This approach is another one than described by Park et al [50]. Park 

et al used the knowledge in clinical guidelines to develop DCMs from nursing 

statements derived from these guidelines. In the DCMs ICNP was used to bind the 

concepts in the DCM to terminology.    

 

 

Figure 4. Clinical Information Ecosystem & Elements of use to the ENR.  

5.2. Application in quality indicators for nursing care 

In order to obtain quality indicators, data from different sources need to be combined. 

The relationship between quality indicators and terminologies, information models and 

ontologies concentrates on the semantics. If the meaning is not clear or imprecise it is 

not possible to calculate a quality indicator.  

Dykes and Collins [52] described the prerequisites and challenges to measuring 

quality indicators for nursing care. A key challenge to measuring quality indicators for 

nursing is the ability to aggregate data across organizations for benchmarking and 
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comparisons overtime. The number of resources that were required for measuring 

quality indicators when clinical data were captured on paper records was high; however, 

barriers still remain to process and analyze electronic data for nursing quality indicators.  

eMeasures are defined as the secondary use of electronic data to populate standardized 

performance measures [53] and can greatly facilitate this work.  However, successful 

eMeasurement for comparisons within and across organizations overtime requires four 

components: 1) standardized, electronic performance measures; 2) the capture of 

structured, coded data in an EHR; 3) administrative and clinical workflows that 

facilitate consistent documentation or capture of the data needed to populate the 

electronic measures, and 4) standard approach to data capture and quality measurement 

across organizations for benchmarking [54].  

Fowles et al, [55] with funding from the Commonwealth Fund, developed a 

typology for categorizing five broad types of eMeasures within increasing technical 

sophistication and scalability. While some nursing data may remain in narrative form in 

an EHR, nursing quality indicators can guide the types of nursing data that should be 

structured and coded using, for instance SNOMED CT and LOINC, and integrated into 

the nurses’ workflow for consistent and reliable data capture. 

6. Competencies 

In order to participate in a professional manner in this challenging world, nurses on all 

levels do need to acquire the knowledge and skills essential for working in a connected 

health environment. The topic discussed in this paper, semantification of connected 

health, implies very specific competencies for nurses on all levels.  

Nursing has a tradition in the development and use of nursing terminologies. 

However, connected health does require additional knowledge and skills about clinical 

system architectures and information modeling. This implies that education needs to go 

beyond nursing terminologies.  

Nurses should be able to understand the architecture of connected health, the 

concepts used in such an architecture and their role towards making this architecture 

patient friendly and supportive for nursing care. In addition, the need for and 

importance of information modeling should become part of their knowledge and skills. 

However, being able to read such a model would be sufficient, unless nurses actually 

engage in EHR development.  

The skills needed for semantics, information modeling, and ontology building are 

different from the skills needed for computer programming and systems administration. 

They include abstract thinking, conceptual design, user liaison, and communication 

compared to concrete thinking, hardware and software knowledge, and systems 

integration experience needed for the programming and systems administration.  

While clinical modeling and ontology building are creative processes, and one’s 

understanding and view of the domain will affect models and ontologies built; there are 

basic requirements for modeling and ontology building. These requirements include  

combination of domain knowledge and the ability to think abstractly and conceptually, 

to extract a domain’s terms from vague and often conflicting natural language text, to 

demonstrate logical thought processes, and to communicate these concepts well, 

including through visual presentation.  

The recommended competencies are summarized in Table 1. It is emphasized that 

as technology advances these competencies will too.   
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Table 1. Current State Competencies for nurses on semantics for connected health.

 

  

Level for competenciesEntry level 

nurse

Advanced level 

nurse

NI specialists Nurse leadership 

& informatics

Competencies

Health terminology in general

can discuss the Clinical Information Ecosystem X X X X

can compare the Clinical Information Ecosystem 

with the current situation on Health IT

X X X X

can explain the importance of health information 

exchange between stakeholders (e.g 

professionals, consumers) systems and countries.

X X X X

can explain the  importance of standardized 

terminology in health information exchange

X X X X

can verbalize the purposes for implementing a 

standard terminology

X X X X

Nursing terminologies

can record clinical/patient information in practice 

with the use of standard nursing terminology

X X X

can explain the relationship of nursing concepts 

to quality, patient safety, nursing valueand 

research

X X X X

can describe the semantics of nursing data and the 

consequences of ambiguous data definitions

X X X X

Data Modeling and ontology in general

can explain the re-use or secondary use of stored 

clinical/patient data

X X X X

can describe the different types of data, e.g 

unstructured data (free text), structured data (code 

list, physical quantity, interger)

X X X X

can discuss the importance of clinical models and 

ontology in health information exchange.

X X X X

can participate in the communication with 

stakeholders on a clinical model and the 

terminology binding in the clinical model

X X

can explain the need for add semantics of 

visualizations of clinical models.

X X X X

can create the semantics and visualizations of 

clinical models.

X

can explain the need for a conceptual design of 

clinical information system 

X X X X

can create a conceptual design for clinical 

information systems

X

Use and application of terminology

can discuss the differences in standarized 

terminologies according to their purposes 

X X X

can describe the components of the clinical term 

(conceptualization), including its structure and its 

concepts, e.g Pulmonary cancer

X X X

can operate Natural Language processing to map 

recorded terms to terminology concepts

X X

Management of terminologies

can explain the management lifecycle of 

terminology

X X X

can develop new terminology content in a given 

terminology

X X

can discuss the significance of data provenance 

for interoperability

X X X X

can operate Natural Language processing to 

identify and validate terminology concepts

X X
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7. Conclusion 

The purpose of this chapter was to explore semantification of connected health content 

by describing the clinical information ecosystem and the semantic content as the 

relationship between clinical guidelines, information models, terminology and 

ontologies. It is important for nursing education to be aware of and have knowledge of 

this semantification of connected health. A distinction can be made between nurses, 

both on entry and advanced level, leadership and nurse informaticians. The 

competencies described in this chapter can be used to determine this distinction. If 

nurses want to be prepared for the future with connected health, they should strive to 

acquire these competencies.  
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Abstract. The majority of health professionals now have genetic and genomic 
competencies and some are measured by certification standards. Nursing has a 
proud history of defining roles for nursing in informatics and genetics. In addition, 
the nursing professional organization, the American Nurses Association, has a 
Certification Center that has successfully achieved ISO 9001:2008 certification in 
the design, development, and delivery of global credentialing services which 
encompasses certification of advanced practice nurses in genetics. ISO 9001:2008 
certification is the firmly established global standard for assuring stakeholders of 
an organization's ability to satisfy quality-related requirements. However, despite 
the addition of genomics into the Informatics Scope and Standards of Practice, 
there is a need to define the integration of the genetic, genomics and other omics 
competencies into the informatics domain, especially the Electronic Health Record.  
Currently, there are also international and interprofessional activities and 
organizations that have established or are identifying competencies in genetics and 
genomics. There remains a need for more international collaborations to build 
upon the current resources and strategies implemented by several countries, to 
learn from each other, support each other, and to collaborate to answer questions 
and reduce duplication of efforts. 

Keywords. Competencies in genetics, genomics and omics, Healthcare 
Professionals, Consumers, Integration into Electronic Health Records, 
Certifications, International efforts in genetics and genomics, Opportunities for 
international collaboration 

1. Introduction 

Nursing has a proud history spanning over a decade in developing competencies for 
nurses and certification of advanced practice level nurses in genetics. To begin with, 
two definitions are important: 1) Genetics is the study of individual genes and their 
impact on relatively rare single gene disorders, and 2) Genomics is the study of all the 
genes in the human genome together, including their interactions with each other, the 
environment, and other psychosocial and cultural factors [1]. The impact of genetics 
and genomics information and technology has the potential to improve the quality of 
care and result in safer practices at lower costs. These are so important to the future of 
the nursing profession, that the American Nurses Association included the concept of 
genetics and genomics in the new Nursing Informatics: Scope and Standards of 
Practice, 2nd edition.  The statement specifies that informatics nurses must be able to: 
“Incorporate genetic and genomic technologies and informatics into practice.” and 
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“Demonstrate in practice the importance of tailoring genetic and genomic information 

and services to clients based on their culture, religion, knowledge level, literature, and 
preferred language” [1].  

2. Rapid Advances in Genetics, Genomics, and other Omics 

There have been rapid advances over the past 25 years since the sequencing of the 
human genome [2]. The global community has engaged in the identification of human 
genetic variation through several projects such as: establishing the Encyclopedia of 
DNA Elements (ENCODE) to identify genomic functional elements; completed the 
International HapMap Project to identify genetic variation associated with human 
diseases, developed The Cancer Genome Atlas (TCGA) to identify genetic variation 
associated with cancer and cancer sub-types; and established the international 1000 
Genomes Project to catalogue human genetic variation. Other United States (US) 
supported projects include finding Mendalian disease genes and supporting drug 
discovery and genomic underpinnings to drug metabolism.  Because of these advances, 
we are now witnessing the application of these discoveries in clinical care. 

The National Human Genome Research Institute (NHGRI) in the US is placing 
increased emphasis on validation and implementation of genomics into healthcare, in 
addition to the biology of genomes [3]. Programs focus on cancer genomics, 
pharmacogenomics, genomic medicine, newborn genomic analysis, clinical genomics 
information systems, and rare and/or undiagnosed genetic disease diagnostics.  
Additionally efforts surrounding genomic translation continue to grow, such as the 
IGNITE (Implementing GeNomics In PracTicE) initiative aimed at conducting projects 
designed to translate genomic information into clinical care [4].  Across the healthcare 
continuum the influences of genetics and genomics can be found in 
preconception/prenatal care, newborn screening, disease susceptibility, 
screening/diagnosis, prognosis and therapeutic decision, and monitoring disease burden 
and recurrence. Several publications in nursing journals and books have identified the 
major advances relevant to nursing and patient care, achieving outcomes, and 
improving safety at a reduced cost [5-7].   

The prospect of Precision Medicine was greatly accelerated with the launch of the 
Precision Medicine Initiative [2].  Since then the biology of genes and genomes and the 
translation to health care and nursing practice applications has continued to expand. In 
the United States and elsewhere around the globe, Precision Medicine has been 
identified as a priority with funding secured to conduct vital research including the 
generation of large scale cohorts that include not just biospecimens but robust clinical 
and lifestyle data. The US has increased funding to accelerate the use of genomic 
variation information in healthcare with specific emphasis on cancer treatments and 
resistance. In addition, over 1 million Americans will be recruited to consent to study 
their biospecimens, diet, lifestyle, and other health information that is linked to their 
electronic health record (EHR). Effective implementation, however, has brought 
attention to the need for appropriate policy and regulation of information, the adequate 
preparation of the healthcare workforce to understand and use this new evidence, and 
the informatics infrastructure needed to manage these data. 
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3. New Advances in Pharmacogenomics are now Impacting the Safety and Quality 
of Healthcare Outcomes. 

There are now several guidelines, workflows, and algorithms for determining the 
pharmacogenomics effects of several medications, their effectiveness, and the potential 
for adverse reactions even when the medications are administered at the correct dose [8, 
9].  An international database to provide knowledge of the pharmacogenomics findings, 
called the Pharmacogenomics Knowledge Base (PharmGKB) it contains the evidence 
from literature, curated by experts, and disseminated on human genomics variation and 
potential differences in drug metabolism and responses [10].  Building on this evidence, 
PharmGKB and the Pharmacogenomics Research Network established a collaboration 
called the Clinical Pharmacogenetics Implementation Consortium (CPIC) to produce 
guidelines. The goal is to establish evidence based guidelines that are open access, peer 
reviewed, provide detailed drug and clinical information, and are updatable as the 
evidence base evolves. CPIC guidelines are amenable to integration into Electronic 
Health Records using Clinical Decision Support (CDS). To date, 33 CPIC guidelines 
with sufficient evidence for implementation into clinical practice are available on the 
website [9].  

An important ongoing initiative focuses on workflow and algorithm pathways for 
the inclusion of the CPIC guidelines into the EHR. Hoffman et al. have developed a 
model workflow that supports CPIC guidelines, knowledge sources, and clinical 
decision support for pharmacogenomics integration into the EHR [8]. 

4. Formal competencies for nursing at all Academic Levels 

Initial genetic and genomic competencies for US nursing defined a core of expected 
knowledge, skills, and attitudes required of all registered nurses regardless of academic 
preparation or specialties were published in January 2006 [11]. These competencies 
have since been revised to incorporate changes in technology and the addition of 
outcome indicators, and more recently competencies were developed for advanced 
practice [12, 13]. The most recent version of core competencies for all health 
professionals identified minimum levels of competencies, knowledge, skills, and 
attitudes from the National Coalition for Health Professional Education in Genetics 
(NCHPEG) [11]. These have been built upon similar to the nursing efforts by other 
disciplines including physician assistants, pharmacists, and most recently physicians 
[14-16]. Building on the work from NCHPEG, the Inter-Society Coordinating 
Committee for Practitioner Education in Genomics (ISCC) was established in 2013. 
Aims of the interprofessional ISCC is to help generate evidence and address provider 
competency gaps [17].   

Not surprisingly, across all the disciplines with genomic competencies, there is 
considerable overlap. Competencies surrounding basic genetic concepts, assessments 
and indications for a genetic specialist referral, and ethical, legal, and social issues are 
underpinnings common across all disciplines. These commonalities support some 
interprofessional core educational activities. 

In the international community, genomic based competencies have continued to 
develop. The United Kingdom (UK) recently updated their 2003 competency 
framework for nurses [18]. Building on the work in the US and UK, other countries 
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have developed country specific competencies such as Japan and Brazil, or are moving 
in that direction [19].   

5. Examples of Competencies in Nursing in Clinical Practice 

Since genetic and genomic competencies have been established for all US registered 
nurses regardless of academic degree, clinical role, or specialty, implementation into 
clinical practice is important. A recent study of US Magnet® Recognition Program 
Hospital integration of genetics and genomics into practice demonstrated what 
strategies nurse leaders developed to diffuse this important information in order to 
improve nursing genomic competency thereby impacting quality and safety [20]. The 
project recruited twenty-one Magnet® hospitals and 2 control hospitals which 
participated in a one-year education intervention to help them understand the basic 
concepts sufficient enough to design and implement institutional integration efforts. 
Each hospital used several on-line and other resources to access information. Hospitals 
had to complete environmental scans to identify policies that needed to be changed, 
developed, or extended. Continuing education and staff development activities were 
found to be effective means to introduce this subject in practice. One of the most 
popular methods of incentivizing learning was a one-page monthly series called 
GeneSplash, a single concept learning tool that provided new discoveries and genetics 
and genomics and facts pertinent to diseases they managed. The Magnet® hospital 
study participants have partnered with the investigators to develop an online toolkit of 
all their strategies for use by other educators and administrators to facilitate 
implementation of these changes in the practice environment [21].  

6. Certification of Advanced Practice Nurses in Genetics from the American 
Nurses Credentialing Center (ANCC) and ISO certified group 

The American Nurses Credentialing Center (ANCC) has built on the work of the 
Genetic Nursing Credentialing Commission and developed a certification in Advanced 
Genetics Nursing [22]. In the US and worldwide, nurses who demonstrate genomic 
skills, knowledge and abilities, and who have a minimum of 1,500 practice hours in a 
genomic area within a 5 year period, and have 30 hours of continuing education credits 
within a 3 year period, are eligible to submit a portfolio for expert peer review and 
certification. The ANCC certifications focus on professional development; professional 
and ethical nursing practice; teamwork and collaboration; and quality and safety. These 
ANCC certifications are available worldwide since they have successfully achieved 
ISO 9001:2008 certification in the design, development, and delivery of global 
credentialing services and support products for nurses and healthcare organizations [22]. 
ISO 9001:2008 certification is the firmly established global standard for assuring 
stakeholders of an organization's ability to satisfy quality-related requirements. 
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7. What are sources of information for Consumers? 

One only has to listen to lay or social media through radio, television, internet, and 
advertising to find that consumers are being bombarded with information on where to 
test their genome, what they should look for at hospitals testing their genomics and 
pharmacogenomics, and determining their roots and ancestry through genetics. A 
reliable source for patients to obtain information on genetics and genomics is 
genome.gov/patients [23]. There they will find definitions of terms, policies, and 
resources to follow.  Additionally, large private sector alliances continue to develop 
tools to improve consumers’ and patients’ knowledge about genetic services 
(http://geneticalliance.org/programs/geneslife) [24]. Additionally, the Center for 
Disease Control and Prevention (CDC) Public Health Genomics also offers a number 
or reliable resources (http://www.cdc.gov/genomics) [25].  

8. Effective Integration of Genetics/Genomics, other Omics, and 
Pharmacogenomics into the Electronic Health Record (EHR) 

Several genetic and genomic data and tools are recommended for integration into EHRs.  
These nursing informatics components for genomic implementation are included in 
Table 1.  They are separated into entry level and advanced level components [4]. The 
entry level includes more users of the information resources, and the advanced level 
includes more developers, evaluators, and researchers of the information resources. 

Table 1. Nursing Informatics Components for Genomic Implementation Management at the Entry and 
Advanced levels. 

Entry level 
1. Facilitate Consumer Engagement in Consent – Signatures and Date 
2. Include Pedigree Maps for Family History and Family Values 
3. Use and access to Pharmacogenomics Knowledge Bases and other Data Repositories 
4. Use Diagnostic and Treatment and Path Report Protocols/Orders 
5. Use Evidence Guideline Databases 
6. Provide client with interpretive services for genomic tests  

Advanced level 
1. Develop Data Standards to Ensure Privacy, Security, and Integrity for Big Data Analytics and Data 
Exchange 
2. Incorporate genetic/genomic/adverse reactions into Vocabulary and Terminology Standards to Monitor 
Quality of Outcomes and the Safety of Care 
3. Map to Pharmacogenomics Knowledge Bases and other Data Repositories 
4. Link to Advanced Biomarker Discovery Databases, Laboratory findings, Tissue databanks, and Imaging 
data 
5. Include Sequencing and Pathogen Discovery 
6. Link to Diagnostic and Treatment and Path Report Protocols/Orders 
7. Link to Evidence Guideline Databases 
8. De-identify Patients for Data Sharing 
9. Enhance EHRs and Mobile Devices to Promote Precision Medicine 
10. Develop New Algorithms and Workflows 
11. Identify Patients for Genetic/Genomic Services and Consults 
12. Develop Point of Care Computerized Clinical Decision Supports  
13. Participate on teams developing advanced security and cybersecurity solutions securing genomic data 
14. Conduct research data mining on genomic diagnosis, treatment, and symptom management 
15. Conduct research on patient access, diversity, and ethnic variation in patient care 
16. Identify health services research sites where patient access information on their genetics/genomics 
17. Develop new information access sources for clinicians and consumers  
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A recent National Academy of Medicine Workshop Summary recommended links 
among genomics, clinical research and a learning health care system (LHCS).  In a 
LCHS, the data from the patient, the genomics data, and other external repositories are 
integrated into the EHR [26]. They make a significant point that the regulations and 
policies of individual countries vary, challenging nurses to develop standards across 
continents to address informed consent and data sharing guidelines that address country 
specific society and cultural differences. 

Several large studies are demonstrating the integration of genetic and genomic data 
into EHRs. The Electronic Medical Records and Genomics Network (eMERGE) is a 
project that supports the development of infrastructure for integration of genomic 
biorepository findings into the EHR to facilitate clinical implementation [26]. Several 
projects have resulted from eMERGE including: phenotyping algorithms available in 
an online public repository called Phenotype KnowledgeBase (PheKB) [27]; 
MyResults, a website where patients and families can learn more about their genetic 
results; eMERGE SPHINX, to facilitate drug and genomic variation discovery; 
PheWAS, designed to facilitate understanding of the variation in phenotypes associated 
with a single genotype [28]; as well as other efforts. eMERGE is also identifying 
actionable variants and including Clinical Decision Support (CDS) tools in the EHR in 
the program sites [29].   

The Displaying and Integrating Genetic Information Through the EHR Action 

Collaborative (DIGITizE) working group at the Institute of Medicine (now called 
National Academy of Medicine- NAM) is developing implementation guides, Logical 
Observation Identifier Names and Codes (LOINC®) transfer codes, as well as other 
means to integrate the information into Electronic Health Records. This group includes 
companies such as Cerner, Epic, and Allscripts working together to implement genetics 
and genomic workflows into the EHR. SMART (Substitutable Medical Applications 
and Reusable Technology), the HL7 v3 message on clinical genomics information and 
family pedigree [30, 31], and FHIR (Fast Healthcare Interoperability Resources) are 
potentials to connect genomic information into the vendors’ EHRs [32, 33].  

Another NHGRI supported project is called the Implementing GeNomics In 
pracTicE (IGNITE) Consortium [24].  The goal of this consortium is to create Genomic 
Medicine Pilot Demonstration projects that integrate genomics into the EHR and 
incorporate clinical decision support tools. There are currently multiple IGNITE sites 
and a coordinating center that focus on: 1) common health conditions including 
hypertension, kidney disease, and diabetes; 2) the family health history evaluation in 
diverse care settings applies an implementation science approach to the collection and 
evaluation of family history and development of implementation guidelines, and 3) the 
personalized medicine program with a pharmacogenomics focus that aims to include 
the development of best practices for genomic medicine implementation resulting from 
pharmacogenomics [4]. 

The Pharmacogenomics Research Network was established to conduct research on 
pharmacogenomics and evaluate the impact on clinical care of genetic variants 
predicting drug metabolism, toxicity and adverse drug effects.  An international 
initiative is call the Pharmacogenomics for Every Nation Initiative (PGENI) which 
targets countries with good healthcare infrastructure but limited capacity to integrate 
pharmacogenomics into practice. PGENI is conducting research to ascertain what drugs 
and genetic variants would be most informative given ethnic variation. The intent is to 
establish country specific national formulary recommendations informed by genomic 
variation [34]. 
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Figure 1 identifies the components of a simplified global strategy for moving 
genetically competent nursing informatics to the integration of genomics translated into 
precision clinical care. The process components include many subcomponents that 
detail multiple paths that can be taken by informatics nurses to assure integration into 
practice.  The first building block is education/knowledge of genetics/genomics by all 
IT nurses because a lack of knowledge is an obstacle to translating genomics into 
information systems. The second building block is the data standards and vocabulary 
standards in order to utilize the data to measure quality, safety and for big data 
analytics. The third building block are the regulatory and policy changes needed 
nationally, globally, and locally to fulfill the inclusion of nursing with genomics into 
informatics nursing. The fourth component is nursing IT involvement in Health 
Information Technology at the stakeholder level, the vendor level, the repository level, 
and the development of tools integral to decision support. The fifth building block is 
developing a research agenda.  A Genomic Nursing Science Blueprint has been 
developed by the US based on evidence gaps [35]. The sixth building block is the 
translation of genetic and genomic content into the EHR, mobile devices, and the 
Internet of Things for patients and practitioners.   

 

 
 
Figure 1. Components of a Global Process for Moving Genetically Competent IT Nurses toward 

Translation in Precision Clinical Care  

9. Identification of Some Global Resources and Country Efforts in 
Genetics/Genomics 

There are several areas where genomic medicine is entering a global environment. One 
effort, part of the NHGRI larger Genomic Medicine implementation initiative, was 
global in nature. Genomic Medicine VI (comprised of 50 leaders from 25 countries): 
Global Leaders in Genomic Medicine, met at the National Academy of Sciences in 
January 2014 [36].  They defined 4 major objectives: 

1) Identify areas of active translation and implementation of genomic medicine,  
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2) Frame a policy agenda to advance the field, 
3) Highlight nations with unique capabilities, and 
4) Discuss opportunities for international collaborations. 
Key issues that were identified included: the development of evidence for value of 

genomics in healthcare, ways to engage both institutional leaders and professionals in 
genomics, education of professionals and patients, effective integration of genomic 
results into EHR, and design of financial models that provide cost reductions rather that 
increases.  Building on this work was the establishment of the Global Genomic 
Medicine Collaborative (G2MC) which is aimed at furthering global collaborations.   

In nursing, similar international efforts are underway. The International Society of 
Nurses in Genetics (ISONG) is a truly international organization whose membership 
consists predominately of nurses with genetic/genomic expertise. The organizations 
mission surrounds development of their membership to increase research, clinical, and 
academic genomic integration as well as genomic information management [37].   

A coalition of ISONG members collaborated to secure funding to begin the next 
steps for establishing a Global Genomics Nursing Alliance (G2NA) to explore 
strategies for knowledge mobilization and action. The first meeting of this initiative is 
now funded and nursing leaders globally will be meeting in January 2017 to learn from 
each other, share resources and expertise. The intent is to establish an Alliance to 
reduce duplication through sharing and building on work in other countries to 
accelerate the effective integration of genomics in to nursing practice and education. To 
facilitate that work the first meeting will include steps to establish a Maturity Matrix to 
guide and benchmark progress to accelerate integration of genomics into everyday 
healthcare practice. 

There are several other global initiatives that are comprised of several countries 
and organizations throughout the world.  Notable are the following: 
The Global Alliance for Genomics and Health (GA4GH) is a network of over 375 
institutions internationally that work together to create a common framework of 
harmonized approaches to enable secure data transfer and data sharing of genomic data 
linked to clinical data [38]. The International Rare Disease Research Consortium 
(IRDiRC) is a group of teams of researchers and organizations investing in rare 
diseases. It is the goal of the group to establish diagnostic tests for all rare diseases and 
create 200 new rare disease therapies by 2020 [39].  

The European Union has identified several initiatives on the continent that seek to 
develop personalized medicine in the diagnosis and treatment of specific diseases.  One 
initiative called the European Observatory on Personalized Medicine seeks to provide a 
closer link between research and innovation funding, and policy objectives by funding 
key initiatives in Personalized Medicine in Europe [40].  

A listing of several genomics resources and URLs are provided in Table 2. These 
include programs, organizations and global initiatives mentioned in this chapter. They 
also include content about broad genomic programs, education specific programs for 
clinicians and patients, and detailed repositories and toolkits.  
  

K.A. Mc Cormick and K.A. Calzone / Genetic and Genomic Competencies 159



Table 2. Genomics Programs and URLs Mentioned in this Chapter 
Global Genomics Programs URL 
Human genomics strategy group: Building on our 
inheritance—Genomic technology in healthcare  

www.gov.uk/government/uploads/system/uploads
/attachment_data/file/ 
213705/dh_132382.pdf 

European Science Foundation. Forward look: 
Personalised medicine for the European citizen  

www.esf.org/uploads/media/Personalised_Medici
ne.pdf 

Genome Canada: 2012 Large-scale applied research 
project competition in genomics and personalized 
health  

www.genomecanada.ca/en/portfolio/research/201
2-competition.aspx  

European Association for Predictive, Preventive, and 
Personalised Medicine (EPMA)  

www.epmanet.eu  

European Commission: EuroBioForum observatory  www.eurobioforum.eu/2028/observatory 
Genomic Medicine Alliance  www.genomicmedicinealliance.org 
International rare diseases research consortium 
(IRDiRC).  

www.irdirc.org  

Eurogentest: Harmonizing genetic testing across 
Europe  

www.eurogentest.org 

National human genome research institute www.genome.gov 
Genomics England  www.genomicsengland.co.uk  
Belgian medical genomics initiative (BeMGI)  www.bemgi.be  
Database of genotypes and phenotypes (dbGaP)  www.ncbi.nlm.nih.gov/gap  
PharmGKB: The pharmacogenomics knowledgebase  www.pharmgkb.org  
Genatak: Pioneering personalized genomic medicine  www.genatak.com  
Implementing genomics in practice (IGNITE)  www.ignite-genomics.org/IGNITE_ABOUT.html  
Australian New Zealand cLinical trials registry www.anzctr.org.au 
E.U.Clinical TRials register www.clinicaltrialsregister.eu  
U.S. NIH Clinical Trials Registry https://clinicaltrials.gov  
National Health and Medical Research Council of 
Australia: Principles for the translation of “omics”-
based tests from discovery to health care  

http://consultations.nhmrc.gov.au/files/consultatio
ns/drafts/attaevidentialstandardsdocument.pdf  

A guide to the Exome Aggregation Consortium data 
set, MacArthur lab, Massachusetts General Hospital  

http://macarthurlab.org/2014/11/18/a-guide-to-
the-exome-aggregation-consortium-exac-data-set  

Clinical Genomics Resource (ClinGen)   www.clinicalgenome.org  
European translational information and knowledge 
management services (ETRIKS)   

www.etriks.org  

National coalition for health professional education in 
genetics: Core competencies for all health professionals 
(2007)   

http://www.nchpeg.org/index.php?option=com_c
ontent&view=article&id=237&Itemid=84 

Coursera and University of California, San Francisco. 
Genomic and precision medicine   

www.coursera.org/course/genomicmedicine   

 The EuroGenTest clinical utility gene cards   www.eurogentest.org/index/php?id=668 
Pharmacogenomics knowledge base (PharmGKB): 
International consortium for antihypertensives 
pharmacogenomics studies (ICAPS)  

www.pharmgkb.org/page/icap  

Pharmacogenetics for every nation initiative (PGENI)  www.pgeni.org  
Global alliance for genomics and health (GA4GH)  http://genomicsandhealth.org  
U.S. National Academy of Medicine (formerly Institute 
of Medicine): Roundtable on translating genomic-based 
research for health  

www.iom.edu/Activities/Research/GenomicBased
Research.aspx  

10. Future Opportunities and Summary 

Informatics remains a cornerstone to the integration of genomics into nursing practice.  
The ongoing efforts to establish international collaborative networks to build upon the 
resources and strategies implemented by other countries to learn, support, and 
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collaborate to answer questions and to reduce duplication of effort are vital to realizing 
the benefits of genomics to health.  Informatics experts can play critical roles in 
adapting successful tools such as Clinical Decision Support for other countries without 
or with less developed resources.  Additionally, efforts to expand the evidence-base 
and improve the understanding of global genomic variation can facilitate effective 
genomic implementation.  

International collaborative opportunities for IMIA-NI are provided in Table 3.  
IMIA-NI could expand the International Medical Informatics Association (IMIA) 
standards activity to engage with other genetic and genomic groups to identify gaps and 
develop global resources filling those gaps. There are other global needs that include 
what data to be aggregated for variant/phenotype association, how to define the 
federated databases for genomic data, and development of a vocabulary to phenotype 
ontology, standardized phenotype ontology, and inventory of existing phenotype 
ontologies. Work needs to continue to build on what is already available to disseminate 
globally, the genomic medicine implementation guidelines, algorithms, CDS, 
workflows, and pharmacogenomics guidelines. 

 
Table 3. Opportunities for Collaboration in IMIA-NI 

• Develop Repositories within ICN and UMLS for Data Standards and Share Data Sharing Policies 
Integrated with Nursing Classifications 

• Share Models for Bioinformatics Integrated into the EHRs 
• Share Models for Incorporation of New Algorithms, Workflows, and Evidence into EHRs 
• Share New CDS tools 
• Promote Collaboration in Pharmacogenomics & Guidelines 
• Compare Outcomes with and without Guidelines 
• Link Educational content as well as Federated Databases for Variants/Phenotypes/Ethnic 

Associations 
• Identify Global Toolkits of Resources, Link them, and Disseminate to IMIA-NI members 
• Identify genetic/genomic resources globally and Collaborate on nursing IT content 
• Establish link with ICN and ISONG to collaborate on resources for informatics management of 

genomic content  
 

There remains a need to collect and disseminate data on different countries on 
existing nursing workforce prepared in genetics/genomics and/or clinical translation.  
There is a need to assess the state of genomic competency of the interprofessional 
workforce and implement strategies to address competency deficits.   

There are several opportunities that IMIA NI-WG can engage in educational 
programs to highlight the importance of genetic and genomic competencies in nursing 
and other healthcare professionals.  IMIA-NI-WG could provide: 

� Websites that link nurses in all participating countries with competencies, 
certification and literature resources in genetics and genomics internationally; 

� Conduct international webinars and through telemedicine links, establish 
regular educational programs; 

� Provide links to ongoing educational resources internationally; 
� Provide links to studies implementing genetic and genomic education into 

practice, similar to the Magnet® study in the US; 
� Develop and disseminate a repository to compile and conduct studies 

comparing certifications at the certificate level, baccalaureate level, and 
advanced practice level internationally; 
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� Compile and deliver new evidence in pharmacogenomics through the current 
network of best practice centers developing guidelines throughout the world; 

� Collaborate with other global nursing organizations such as ICN and ISONG 
to provide resources for informatics management of genomic content. 

This paper has provided an overview of the journey over the past 25 years of the 
science of genetics and genomics, and of the nursing profession establishing practice 
standards, competencies for general and advanced practice nurses, and an 
internationally ISO accepted certification for advanced practice nurses. In addition, 
some major discoveries with implications for nursing and the integration into the EHR 
and nursing informatics were provided. A study implementing genetics and genomics 
into Magnet® Hospitals and the development of a toolkit were discussed.  National 
efforts from around the world were highlighted. Finally, future opportunities for the 
IMIA-NI working group were described.  Most importantly, this review highlights that 
there are similar needs across the globe that are amenable to international 
collaborations that can accelerate the integration of genomics into healthcare world-
wide to improve health outcomes. 
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Abstract. Big data is becoming increasingly more prevalent and it affects the way 
nurses learn, practice, conduct research and develop policy. The discipline of 
nursing needs to maximize the benefits of big data to advance the vision of 
promoting human health and wellbeing. However, current practicing nurses, 
educators and nurse scientists often lack the required skills and competencies 
necessary for meaningful use of big data. Some of the key skills for further 
development include the ability to mine narrative and structured data for new care 
or outcome patterns, effective data visualization techniques, and further integration 
of nursing sensitive data into artificial intelligence systems for better clinical 
decision support. We provide growth-path vision recommendations for big data 
competencies for practicing nurses, nurse educators, researchers, and policy 
makers to help prepare the next generation of nurses and improve patient outcomes 
trough better quality connected health. 

Keywords. Big data, Data science, Nursing, Natural language processing, Data 
mining, Data visualization 

1. Introduction 

The discipline of nursing is charged with several core missions, including: protecting, 
promoting and optimizing human health and ability; alleviating suffering by diagnosing 
and treating the human response; advocating for individuals, families, communities, 
and populations; and preventing injury and illness [1]. Nursing informatics (NI) 
incorporates the science of nursing with information, technological, communication 
and analytical sciences to support the integration of data, information, knowledge, and 
wisdom into the provision of evidence-based nursing care [1].  

The concept of big data became widespread around 2010 [2] and is often defined 
by the “4Vs”: Volume, Velocity, Variety, and Veracity [3]. Volume refers to the large 
amount of data, e,g., millions of patients records or detailed genomic data. Velocity 
refers to the rate of high-frequency, real-time generated data, such as data from 
smartphones and sensors devices. Variety refers to the heterogeneity of the data, e.g., 
structured, semi-structured, and unstructured data, such as electronic health records 
(EHRs), monitoring devices, genomics, sensors, imaging, claims data, social media, 
patient generated data, and others real time data. Veracity is the uncertainty of the data, 
either in terms of accuracy of the data for the original purpose for which the data were 
collected or appropriateness of the data for secondary use. Recently, an additional fifth 
“V” was suggested for Value, representing the value of information extracted from the 
data leading to knowledge discovery [4, 5].  
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The scholarship of working with data is known as data science and it draws on 
knowledge and theories from multiple disciplines, including nursing. Big data science 
uses a variety of methods for analyzing data from traditional statistics to visualization 
techniques, data mining, and natural language processing [3]. Use of big data is 
assuming a critical role in healthcare analytics as the complexity and variety of data 
available are increasing. In addition, advanced computational methods and tools to 
analyze big data are increasingly more available. However, nursing relevant big data 
applications and research are still in their infancy, often because they require a rare 
combination of multidisciplinary skills in computer science, statistics, mathematics, 
and health informatics. There is an urgent need in further understanding and 
recommendations on what nurses need to learn in order to be competent in data science 
and analytics. Once NI research is able to incorporate data that represent the “5Vs” into 

research, education and practice, nurses have the potential to achieve better outcomes 
for populations and individuals.  

This chapter aims to identify competencies necessary for big data management and 
analytics, and provide recommendations concerning policy, educational, research, and 
practice needs related to big data. We understand that some of the identified 
competencies might present a challenge for practicing nurses and educators today; 
nevertheless, we strongly believe that our recommendations will provide a growth-path 
vision for nurses of the near future practicing in the realm of connected health.   

2. Big data types and data processing steps 

Health data is the raw and uninterpreted object that contains health attributes or 
characteristics [6]. In order to manage data effectively, nurses need to understand 
several basic concepts presented below:  
a) Types of data: data can be divided in two generic types: qualitative (or 

categorical) and quantitative (or numeric). Commonly, qualitative data can be 
represented as nominal/ ordinal/ or free-text values whereas quantitative data 
can have interval/ratio/dichotomous or discrete values. Health data are often 
highly heterogeneous, such as electronic health records data that include lab 
values, narrative notes, diverse time points and large number of medical 
abbreviations. This data is also often quite messy with missing values, noise, 
outliers, inconsistencies, duplicate concepts, and might contain other types of 
human or system errors (e.g., misspellings or erroneously recorded time points). 
Thus, knowledge domain expertise needed to evaluate the quality of health data. 

b) Data processing steps: an individual or an organization using health data need 
to have a clear understanding of the data use goals and the analytic methods 
they might want to apply. Then, the data needs to be pre-processed and 
prepared for the analysis. These steps may include: aggregation, sampling, 
dimensionality reduction, feature selection, feature creation, discretization, 
binarization, transformation and so on. Another import part is de-identification 
of data. With big data sets usually containing all health information from a 
person, additional security measures should be implemented to preserve 
patient’s privacy and confidentiality. For instance, data about rare conditions 
may be discarded or grouped to prevent potential individual identification. A 
similar situation can occur if a specific condition is related to a postal code, 
leading to identification of an individual. 
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Nursing informaticians expertise, with the domain knowledge of health problems 
and implications of data for these problems, is crucial in driving more intelligent 
models where data can be used to improve health of populations through 
implementation of best evidence-based practices. 

3. Common methods and technologies applied for big data with implications for 
nursing 

3.1 Data mining 

Data mining refers to a suite of statistical tools that enable knowledge discovery. These 
techniques help to identify novel patterns that might otherwise remain unknown in 
large data sets and diverse data types. Data mining techniques help to analyze large 
multidimensional datasets and identify relationships between different types of data. It 
is often used for data driven hypothesis generation, for example when novel 
relationships between diseases to abnormal lab findings are discovered. Data mining 
tasks are generally divided into two major categories: predictive modeling and 
descriptive tasks. In addition, data mining tasks can be supervised (e.g., when the 
outcome is known) or unsupervised (when there is no known outcome). An example of 
data mining in nursing can be found in Bowles et al. [7] where decision trees were used 
to identify factors associated with nurses post-acute care referrals. Another example is 
the Dey et al study [8] where discriminative pattern mining was used to discover 
patterns associated with improvement in homecare patient mobility.  

Data mining is becoming increasingly more prevalent and those techniques are 
being applied in everyday applications, such as traffic detection, personalized 
advertisement, fraud detection, and many others. Several existing open access data 
mining applications, such as Weka [9] and KNIME [10], can be readily utilized by 
nurses to conduct data mining and knowledge discovery with big data.   

3.2 Natural Language Processing 

Natural language processing is concerned with creating automated approaches for 
understanding human language. It is an interdisciplinary field that combines linguistics, 
computer science and informatics. One of the main goals of health oriented natural 
language processing is to create computer algorithms capable of understanding 
different types of free text data. The different types of data include narrative, clinician 
generated texts from EHRs, social media data (e.g., Twitter, Facebook, online health 
forums), patient or family generated data, and research literature, among others. The 
increasing need in natural language processing is based on the fact that about 80% of 
the data in EHRs, and up to 100% in some other data sources, is stored as free text. 

In the past several decades, a few health natural language processing systems were 
developed, mostly focused on working with texts from the medical domain.  For 
example, an open source system called cTAKES can assist in extracting symptoms 
from physician narrative notes [11]. Another system called MTERMS can assist with 
capturing information about medication dosage, route, etc. in physician notes to enable 
improved medication reconciliation [12]. 

Although nurses’ recorded clinical narratives are similar to data generates by other 

disciplines, e.g., medicine, there are several unique features that require specific 
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nursing-focused approaches. For example, when nursing narratives are analyzed, 
nursing interventions or nursing problems should be mapped to nursing standard 
terminologies (e.g., to the International Classification for Nursing Practice, ICNP). This 
mapping would allow further use of extracted data for scalable analytics or automated 
reasoning (e.g., clinical decision support). For example, when a computer algorithm is 
trained to identify patients with pressure ulcers (ICNP code 10015612) or self-
management issues (ICNP code 10022155) in a large pool of clinical notes, the system 
can generate automated nursing specific treatment recommendations (e.g., facilitate 
adherence to regime, ICNP code 10036273) or reminders for health promotion (e.g., 
provide health promotion, ICNP code 10008776). For more information on the role of 
nursing terminologies please see this book’s chapter addressing with semantics.  

Unfortunately, there are only a very few natural language processing systems that 
focus explicitly on nursing data [13]. To analyze nursing-relevant narrative big data, 
nurses will need the support and close collaboration of other disciplines, such as 
computational linguistics and computer science and understand machine learning 
methods.  

3.3 Artificial Intelligence 

Artificial intelligence is often referred to as the theory and development of information 
systems able to perform tasks that usually require human intelligence, such as visual or 
speech recognition, decision-making, and language translation. In health related fields, 
artificial intelligence systems can be used to assist in data analytics, clinical decision 
making, and diagnostics, among others. Some examples of artificial intelligence 
systems in healthcare include esophageal image recognition to enable better 
intubation [14] or genetics based predictions [15].  

In nursing, work on artificial intelligence based systems started in early 1980s 
when first rule based systems were proposed. For example, Ryan [16] described a 
development of an interesting system called COMMES (an acronym for Creighton On-
line Multiple Medical Expert System). COMMES was an artificial intelligence based 
expert system simulating a professional consultant designed to assist with nursing 
decision making about a patient condition. The system had a robust knowledge base 
and an extensive hierarchy of nursing and medical diagnoses and treatment options. 
COMMES was envisioned to be used as an educational tool for nurses, capable of 
generating diagnosis oriented care protocols and testing nurses’ knowledge. Similar 
work on nursing artificial intelligence systems was done by several other groups 
throughout the years [17-20].  

However, most of the systems proposed so far were rule based systems where an 
expert would pre-define some logical order for the system to follow. This is in contrast 
to a more probability-based systems that can do reasoning on their own, as envisioned 
by artificial intelligence pioneers. Also, there is still a wide gap between the developed 
systems and nursing practice where such systems are not common.  To create nursing-
sensitive artificial intelligence systems of a new generation, there is a need in 
thoroughly developed and tested machine learning and natural language processing 
approaches, which are scarce. Other potential domains that need to be integrated to 
produce best artificial intelligence results are speech and image recognition. Seeing the 
trends of increasing use of artificial intelligence systems in healthcare, we expect 
significant advances in this field for nursing and nurses need to be ready to integrate 
nursing knowledge into the emerging systems.   
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3.4 Visualization 

Information visualization is the study of visual representations of different data to assist 
in human cognition and decision making. Big data analytics and applications require 
appropriate visualizations to enable users to grasp the extent and sometimes the 
significance of big-data driven inferences. In healthcare, data visualization is often used 
to present patient specific (e.g., blood pressure levels over time) or population trends 
(geographical spread of zika virus over time). However, an increasing body of literature 
indicates that healthcare visualization approaches need better integration within the 
existing clinical systems. For example, a recent study evaluated the graphical displays 
of laboratory test results in eight EHRs in the U.S. None of the systems met all 
11 quality of visualization criteria and the magnitude of deficiency was significant. One 
system even presented results in reverse chronological order [21]. Similarly, there were 
a few recent studies that indicated significant problems with EHR systems used by 
nurses in terms of visualizations and usability [22]. Traditionally, nurses are used to 
working with paper charts presenting trends in patient’s condition, for example blood 

pressure, breathing, and heart rate. Big data approaches could potentially offer much 
insight and help interpret patient’s vital signs compared to the population average, for 

example. To accomplish that, nurses working with big data will need to draw from 
other disciplines, such as human computer interaction and graphic design, to be able to 
come up with appropriate visualization approaches.   

4. Big data related growth-path competency recommendations for 
nursing education, practice, research and policy 

4.1 Education 

Academic and inservice education programs in nursing should teach the concept of big 
data to students. Students need to be able to discuss big data characteristics and 
understand the increasing impact of using big data on clinical decision making. Ideally, 
students in academic nursing programs should understand the limitations and benefits 
of big data while practicing nurses should learn on how big data is used to shape 
everyday clinical practice. Nurse educators should also be knowledgeable about big 
data related concepts and their implications for students. 

4.2  Practice 

Practicing nurses should understand how to use big data to extract and apply clinically 
relevant evidence-based information in practice. Also, there is a need to be able to 
understand how to extract data from different formats and reuse it for quality 
improvement and better decision making.  

4.3 Research 

Nurse researchers need to be able to understand the big data characteristics and be able 
to collaborate effectively with interdisciplinary teams to use big data in their programs 
of research. They also need to learn about analytic tools and methods (e.g., data mining 
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and natural language processing) that assist in working with big data. More efforts 
should be spent on data quality validation and merging different data formats/types 
together for further use in clinical decision making.   

4.4 Policy 

Nursing policy makers should be able to use big data to visualize the effect of nursing 
on patient outcomes. Also, there is a need to start building comprehensive national and 
international data pools that are capable of storing different data types. The large data 
storages can help design nursing relevant policies that work (e.g., identify the ideal 
number of patients per nurse during the hospital shift to achieve best outcomes).   

Table 1 provides an overall summary of growth-path vision recommendations for 
entry level and advanced level nurses.  

 
Table 1: Big data growth-path vision competency recommendations for entry and advanced level nurses. 

Entry level nursing competencies 

Nurses should understand the types and sources of data captured by the information systems, including data 
quality, type (e.g., structured data, free text narratives, etc.) 
Nurses should understand the importance and value of data for nursing care. 
Nurses should develop and apply critical thinking when using the data in clinical decision making. 
Nurses should be able to communicate with multidisciplinary teams to use data for enhanced clinical decision 
making. 

Advanced level nursing competencies 
Nurses should understand the big data characteristics and be able to collaborate effectively with 
interdisciplinary teams to use big data in their programs of research.  
Nurses should learn about analytic tools and methods (e.g., data mining and natural language processing) that 
assist in working with big data. 
Nurses should use data quality validation techniques to merge different data formats/types together for 
further use in clinical decision making. 

 

5. Conclusion 

Big data, with all its complexity, is becoming increasingly more prevalent and it affects 
the way nurses learn, practice, conduct research and develop policy. The discipline of 
nursing needs to maximize the benefits of big data to advance the vision of promoting 
human health and wellbeing. However, current practicing nurses and nurse scientists 
often lack the required skills and competencies necessary for meaningful use of big 
data. Some of those key skills for further development include the ability to mine 
narrative and structured data for new care or outcome patterns, effective data 
visualization approaches, and further integration of nursing sensitive data into artificial 
intelligence systems for better clinical decision support. We hope that our big data 
competencies recommendations’ for practicing nurses, nurse educators, researchers, 

and policy makers will provide a vision for the growth-path and help prepare the next 
generation of nurses to improve patient outcomes trough better connected health.  
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Abstract. An overview of the rapid and diverse number developments in health 
information technologies (HIT) in recent years are described in this chapter and 
the move towards more integrated and connected health is described. The 
evolution of HIT is described as it has increased in complexity, diversity, 
connectivity, and more recently, the move towards multiple modalities. Examples 
of developments in various settings are represented from clinical settings, at home, 
and in low-resource settings. The implications of the move towards multiple 
modalities for nursing competencies and the move towards personalized and 
connected health are discussed, highlighting important areas for consideration and 
development in the future. 
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1. Introduction 

Connected health as a concept has been integrated into development and change in 
producing health care services. In recent decades several technologies have been 
introduced to help the transition in practice from physical to virtual and from manual to 
digital actions in health care [1]. Thus, connected health is linked not only to 
technologies, but also to management, and social aspects of providing timely, 
continuous and high quality care.  

Changes in patient profiles, care contexts and costs are challenges for delivery of 
nursing care globally. The growth in the amount of elderly citizens and complexity of 
their care needs and services is seen as a driving force to focus on integration at 
professional, organizational, regional and national level. Early discharge and on the 
other hand demand for cost-effective services emphasize to provide additional home 
care beside hospital care [1, 2]. 

This chapter gives an overview and examples of the diversity of what is considered 
“connected health” and discuss some of the implications of connected health for 

nursing competencies. First, the focus will be on providing basic definitions (e.g., 
eHealth, mHealth, and pHealth) of the diverse terminology related to advanced 
technologies (e.g., Internet of Things). Next, case examples of connected health will be 
presented divided by setting (e.g., clinical, home, low-resource settings), with the aim 
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of illustrating the growth towards multiple modalities. Finally, considerations and 
implications for nursing informatics competencies will be discussed. 

2. The evolving field of connected health 

Connected health is close to the concept integrated care highlighting the role of patients, 
collaboration among professionals, and coordination of health care services at multiple 
levels with advanced technologies. Sharing care information and focusing on the 
continuum of health care delivery are the key components of integrated care to ensure 
high quality, safe and efficient care to patients and populations with disabilities or 
chronic diseases across settings and organizations [1, 3]. Both integrated and connected 
health are premised on use of advanced technologies with aims on access, sharing, 
analysis, and use of health data through applications and information systems. Further, 
the premise of connected health also includes potential cost-effectiveness provided by 
creative and novel ways of delivering health care, compared with traditional face-to-
face care [1]. 

Technologies that can be seen as encompassed under the broader term of 
connected health has grown in diversity in recent decades, signaling evolution in the 
field towards multiple modalities. The adoption of various terms e.g., eHealth, uHealth, 
mHealth, pHealth, and Internet of Things (IoT) have been connected not only to 
technologies used in health care but also to describe the practical consequences of 
advantages as well as disadvantages of the usage. More recent developments are 
exploring the potentials of wearable electronic devices that can monitor physical and 
physiological changes in the body and “smart” spaces that incorporate environmental 
biosensors and facilitate pervasive monitoring [3-5].  

Figure 1 illustrates the ecosystem of connected health supported by advanced 
technology, focusing on continuum of services and service providers. In the ecosystem, 
mHealth describes the actors of the service system who are connected to services and 
service providers through mobile technology. One of the main advantages mHealth 
provides is the independence of location and timing to access and use information and 
services [1, 6]. In the ecosystem, pHealth represents the continuum of personal health 
data content/items from disease to wellness which are stored and shared through 
eHealth applications [1]. It also includes the growing field of personalized health, 
where treatment of diseases is adjusted to specific personal characteristics [7] Finally, 
the ecosystem should provide accessible connections with various means and 
technologies when and where ever needed (uHealth) as well as connect to recent 
advances in technologies in various formats and be able change and share data and 
information  (IoT). 

To aid in providing clarity around terminologies and modalities under the umbrella 
of connected health, the following sections provide brief definitions of some common 
terms.   
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Figure 1. Connected health ecosystem.  

2.1 From eHealth to uHealth 

The concept of eHealth was introduced in the beginning of 2000’s [8] and the number 
of studies focusing on various aspects of eHealth adoption in health care has grown 
extensively since then [9]. A remarkable growth of research is especially seen since 
2010, based on reviews [1, 4]. The vast amount of eHealth definitions have a lot of 
commonalities in regard to use of technologies in support health and health-related 
fields by electronic means and to improve the availability, quality and efficiency of 
health services [9-10]. eHealth as a concept has been regarded as an umbrella term for 
the use of Information and Communication Technology (ICT) in healthcare. The 
outstanding definition by Eysenbach describing the meaning of “e” as not only 
electronic but far more important aspects of the vowel e.g., education, empowerment, 
ethics [8]. In terms of connected health eHealth focuses on methods providing safe 
information management. 

Almost parallel to concept eHealth the term uHealth started to appear in the 
literature in the mid 2000’s (e.g., NI2006 proceedings) [11]. Information and 
communication technology was regarded to have ubiquitous possibilities for use in 
health care (uHealth). For instance, within the proceeding of the 9th International 
Congress on Nursing Informatics, a track for submissions focused on ubiquitous 
computing. Papers and posters presented at this conference described Intranet, Internet, 
websites, wireless and mobile terminals use in clinical practice and education. On the 
other hand, Internet and videoconferencing were topics already in the 6th International 
Congress on Nursing Informatics in 1997. This verifies that nurses, researchers and 
educators have been early adopters of advanced technology. Overall, uHealth provides 
wide insights to multiple use of technology in connected health especially highlighting 
the flexibility of use. 
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2.2 From telehealth to mHealth  

The introduction of the concept mHealth occurred slightly after the concept eHealth. 
However, mHealth has its origin in telemedicine which has its potential to provide 
asynchronous communication between care provider and patients. For instance, 
telemedicine and telehealth can be seen as initial forays into connected health. 
Telemedicine is described as using electronic communications to facilitate medical 
information exchange and telehealth can be viewed as a further expansion to include 
the participation of consumers by providing access to health education resources and 
support for self-management through the use of the Internet [1, 4].  

With advances in technologies came the rise of mobile health that accompanied the 
rapid proliferation of the use of cellular phones and mobile devices [1]. Within 
mHealth, we have seen the delivery of health information and facilitating the work of 
health care providers through short message services on basic cellular phones, to the 
delivery of sophisticated medical functions and decision support for health providers, 
given the introduction of smart phones with access to the Internet. mHealth is also 
regarded more consumer-centered in terms of providing support and information 
sharing both to patients and professionals. Interestingly, based on previous studies 
more facilitating than restraining factors were revealed in m-health adoption. However, 
it seems that external factors for instance human and organizational environment have 
challenges to overcome [4]. mHealth has advantages to connect citizens, patients, 
relatives, and care providers with the use of technology to improve especially co-
operation in terms of care coordination, information flow and exchange [7]. 

2.3 From pHealth to IOT 

The various definitions focusing on personal health information management highlight 
the role of an individual and his/her rights on accessing, managing and sharing 
electronic information in a confidential, secure, and technically sound environment [4]. 
The number of applications and software developed to maintain personal health 
information is expanding yearly. The size of devices, connectivity, and mobility 
enables various groups of citizens and patients to maintain their health data easily, even 
continuously if needed. pHealth services tend to be highly distributed from virtual 
environment independent of location and time. Services are individually tailored to 
diagnose, care, prevent, and provide lifestyle services [12]. The use of sensors and 
sensor systems have abilities to monitor a variety of activities not only for wellness and 
lifestyle assessment. With the advances of wearable systems they have a huge potential 
for clinical use as well as home care based on the patients’ signs and symptoms to be 

monitored and assessed. [4]. 
The amount of data, diversity of technology in use and multiplicity of actors in 

health care demands effective and interoperable systems for data exchange. The term 
Internet of Things (IoT) appeared in the literature in 2010’s to highlight the not only 
the technology but also the networks required to connect the devices and people even 
the devices with themselves. Internet of Things has been defined as “things belonging 

to the Internet” involving sensor based data collection, data management, data mining 
and World Wide Web. The vision to interact anything and anytime is especially 
appealing in remote care [13, 14]. 
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3. Case studies 

The definitions provided in the previous section highlight the continual development of 
technologies and concepts as related to connected health. In this section, we describe 
examples from the literature to illustrate the diversity in modalities of connected health 
available today, from clinical settings, to the home, and within low-resourced settings. 

3.1 From clinical settings 

In clinical and acute settings, there have been efforts to improve communication among 
nursing and other health care professionals through the use of technology, beyond static 
computer stations and electronic health records. Among these efforts include exploring 
the potentials of mobile devices, environmental sensors, and in particular, the use of 
radio-frequency identification (RFID – a wireless Automatic Identification and Data 
Capture technology). As components of ‘smart’ hospital rooms, RFIDs enable 
ubiquitous computing and the collection of ambient data to inform and support the 
work of clinicians. 

One example of such a study explored the use of RFID tags and readers worn by 
patients, healthcare workers, and placed in surrounding objects, as a means to track 
movement of persons and objects in real-time, as well as a means of collecting and 
using real-time data to support the work of health care providers and systems [15]. 
Multiple uses of RFID in a “smart hospital environment” were described. First, the 
ability to track and manage valuable assets such as expensive hospital equipment is 
made possible, reducing time spent searching for equipment and allowing for the 
ability to forecast requirements of future inventory. Another application is the ability – 
through wearable RFID tags and readers placed in the environment – to locate and 
track the positions, movement, and identities of health care workers and patients. This 
tracking function, combined with the ability to track certain physiological and 
biomedical patient data (e.g., heart rate, oxygen saturation, temperature, blood pressure, 
step count, etc.) serves as a powerful information source that can inform built systems 
of emergencies or adverse events. For example, an ambulatory patient whose 
movement is seen to abruptly stop combined with abnormal physiological conditions 
can trigger an emergency rescue process system, identifying the closest available health 
care worker who can attend to the patient. Similarly, Ariffin and colleagues proposed a 
system and provide recommendations for implementing a system that uses RFID tags 
and readers as an affordable way to monitor patients in a psychiatric ward, in an effort 
to reduce the numbers of patients who left without permission or formal discharge [16]. 

Other areas of interest in the acute care setting centers on the use of innovative 
communication technologies to facilitate communication and workflow among nurses 
and other members of the health care team, including telephones, various mobile 
technologies (e.g., pagers, mobile phones, personal digital assistants), and increasingly, 
wearable hands-free communication devices [17]. For example, Pemmasani and 
colleagues evaluated the use of a hands-free mobile voice communication system and 
assessed nurses’ perceptions of advantages and disadvantages of this technology [18]. 
Results of the study were mixed. Although it was found that the technology 
successfully reduced the average distance that staff walked during a shift by nearly 
20% -- in line with findings of other studies [19-22] – participants nevertheless 
expressed challenges and limitations related to signal reception and voice 
recognition [18]. Findings of this study suggests that hands-free communication 
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technologies, with further development and refinement, have potential to free up 
nursing time and improve communication in inpatient acute care settings, although 
issues related to quality of the technology and connectivity need to be carefully 
considered [18]. 

Numerous studies suggest a positive potential in leveraging ICTs to support better 
communication in acute settings, however, limitations of past studies need to be 
considered in interpreting results. For instance, a systematic review of studies from 
1996 to 2010 on ICT adoption among clinicians suggest that many studies were of 
lower quality; there remains limited evidence for improvement in communication 
effectiveness as a result of ICT adoption and the need for more robust evaluations [17]. 

3.2 At home: Gerontechnology  

A recent review provided a narrative account of the of newly developed and 
implemented technologies in gerontechnology – “a term born in Europe just prior to the 
1990s as a composite of a two words: ‘gerontology,’ the scientific study of aging, and 
‘technology’” [23]. Gerontechnology is concerned with research on the biological, 
psychological, social, and medical aspects of aging, exploiting the potentials offered by 
the progress of technology. [24]. The review sought to gain an understanding of 
technologies developed and implemented for older adults’ home use, as well as to 
examine whether there is evidence to support the premise that these technologies can 
support independent living [25]. Of the 184 publications included in the review, the 
authors categorized devices as having three key target functions that addressed: 
(1) social isolation; (2) loss of autonomy and functional decline; and (3) cognitive 
disorders and behavioral and psychological symptoms of dementia. Many studies 
attempted to address specific health problems and limitations, with a dominance of 
issues related to chronic obstructive pulmonary disease, diabetes, heart failure, and 
other chronic conditions [25]. Currently, there is very limited evidence and few articles 
addressing the needs of the frail older person nor on upstream technologies that aimed 
to prevent physical disability or decline [25]. 

The review highlighted the diversity of technological approaches and devices 
being explored in gerontechnology. For instance, studies leveraging technology to 
address social connectedness of older adults employed the use of cell phones, 
computers, and innovative “sociometric” devices that can monitor interpersonal 

interactions and detect social isolation. One example was a wearable pendant that by 
detecting the presence of other pendants and analysis of the users’ tone of voice, could 
quantify the quality and frequency of personal interactions of wearers [26]. Other 
approaches leverage tracking capabilities of mobile phones to determine patterns of 
movement and mobility as a way to quantify social networks. 

Technological developments related to alarms and personal emergency response 
systems were a focus in gerontechnology studies [25] with the aim of monitoring risks, 
detecting acute and adverse events, and providing a sense of security for those living 
alone [27]. The use of various sensors were prominent ways of monitoring physical 
activity and abnormalities in movement. For example, the use of pressure sensors in 
“smart carpets”, infrared sensors, and increasingly, wearable systems that make use of 
accelerometers, gyroscopes and inclinometers, were incorporated in devices to monitor falls 
and provide alerts to caregivers [28-30]. Other examples of developments to address 
functional and cognitive decline included: exploring the use of robotic systems to 
support the rehabilitation of disabled people [31], providing support for activities of 
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daily living and provide companionship [32]; “intelligent” mobility aids with built-in 
safety features [33], that can facilitate the avoidance of obstacles and provide 
navigation [32, 34]; and computerized devices that use artificial intelligence to prompt 
and guide individuals through activities of daily living [35]. 

3.3 In low-resource settings: Liga Inan project in Timor Leste 

In countries where penetration of more traditional communication technologies, such as 
telephone lines and broadband internet, are low, m-health in particular has been seen as 
a mechanism for connecting with patients who previously had limited access to the 
healthcare system [36]. One such example is the Mobile Moms, or Liga Inan project in 
Timor Leste. This project combines pregnancy stage-based text messages to expectant 
and new mothers with a means of requesting a call back from an on-call midwife as 
well as a clinical tool that midwives use for registering patients and tracking care [37]. 
Midwives reported overall job satisfaction with the tool including a perceived increase 
in communication with patients and a perceived increase in the use of skilled birth 
attendants. Midwives' perceptions of an innovative mHealth technology's impact on 
their work and job satisfaction Patients have given positive feedback about the program 
with 96% reporting satisfaction with the content of the messages [38]. The increase in 
demand in services, however, presented a challenge, as midwives reported being unable 
to arrange for transportation for patients to healthcare facilities [39]. 

Research on the impact of mHealth in low resource settings is showing 
improvements in delivery of care and access to the healthcare system to many 
challenges to successful implementation and sustainability remain [36]. While mHealth 
and other forms of connected health pose great promise towards strengthening and 
connecting patients with providers, new challenges can develop where staff lack the 
resources or the competencies to meet with new patient demands. 
Table 1. Case study summary illustrating the variety of technologies described in these case studies in 
clinical, home, and low-resourced settings. 

Setting Technology 
Clinical Use of mobile devices, environmental sensors, and radio frequency identification 

(RFID) to collect real-time and ambient patient data, mobile technologies (pagers, 
mobile phones, personal digital assistants) and hands-free devices to support inter-

team communication. 
Home Various sensors to monitor physical activity and abnormalities in movement, robotic 

systems to support the rehabilitation, communication devices to facilitate 
companionship, “intelligent” mobility aids with built-in safety features, navigation, 

and can avoid obstacles, computerized devices that use artificial intelligence to 
prompt and guide individuals through activities of daily living 

Low-resource 
settings 

Bi-directional text messaging to support communication, care coordination tools 
between community health workers and facility-based nurse managers 

4. Competency recommendations and implications on the expected roles of nurses 

The evolution of connected health technologies are moving towards multiple 
modalities and are taking innovative and diverse approaches to support health care 
workers, health systems, and patients, as illustrated in the above examples. Ultimately, 
the overarching intention of these diverse and innovative HIT developments is to 
support and deliver interventions and health care services that are better connected, 
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integrated, and personalized. Unsurprisingly, these developments in connected health 
are accompanied by numerous implications for the provision of nursing care and 
require some new competencies of nurses to best make use of connected health 
technologies. 

For one, the goal of having HIT facilitate patient-centered care, integrated care, 
and health care teams’ communication can shift care team dynamics and patterns of 
care provision. For example, studies implementing HIT have described clinician 
concerns related to shifts in team dynamics and uncertainties as to whether the new 
technology should be adopted as a standard of practice or whether its use is up to the 
discretion of the health care provider [40]. In the same vein, new tasks and 
functionalities that are made possible with HIT also have the potential to restructure 
existing care models, support task shifting among various health care providers, and 
highlight the need for new and different ways of providing patient care [1]. For 
instance, a wider adoption of RFID tags and sensors in hospital settings will arguably 
change nursing workflows. For example, creating systems that are capable of 
continuous individual patient monitoring and aggregated data displayed in central 
nursing stations, the amount of time nurses need to spend physically checking on 
patients may be reduced. For such systems and new workflows to be successful 
however, the need to develop different nursing competencies and capabilities are made 
apparent. In the system described above, for example, nurses will need to have 
competencies related to data literacy in order to interpret and make use of ambient data 
that are collected. In the case of adoption of ambient sensing technology in smart 
homes, the ways that expectations and competency requirements of home care and 
community nurses need to similarly be thoughtfully considered. For instance, do nurses 
need to be more knowledgeable about mobility in the home, if the smart home is 
capturing data on obstructions that may cause increased risk for falls? 

The rapid development and increasing diversity of connected health technologies 
will arguably influence patient expectations, which will have direct implications for 
nurses. For instance, rapid developments in HIT may create and promote patients’ 

perceptions of extended provider capacity that may be unrealistic. The increasing push 
and marketing of innovative HIT, the public’s increased and rapid access to HIT 

development news, and the “selling” of connected health technologies as being able to 
do more and more [1], may not be in line with actual levels of maturity and 
sophistication of connected health technologies. The mismatch between what HIT is 
purported to accomplish and what it is realistically able to achieve may be something 
that nurses may need to contend with, as related to patient expectations. Further, as HIT 
increasingly aims to facilitate ubiquitous connectivity, an important expectation that all 
health care providers will need to contend with is the potential expectation of 24/7 
availability of health services. 

 Navigating the diversity and rapid development of technologies may be 
overwhelming for nurses in terms of learning and adopting technologies for their own 
work, as well as providing guidance for patients using HIT. These relate to two key 
aspects: 1) the actual use of new technologies; and 2) managing and make sense of the 
data produced. With regard to the first point, competencies that may need further 
development among nurses might be related to broad technological literacy and a 
foundational understanding of health and clinical informatics. The use of advanced 
technologies demands nurses to be familiarized with both synchronous and 
asynchronous messaging in terms of technology, psychology, and nursing aspect. It 
will be impossible for an individual nurse to know and master each piece of technology 
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they come across. However, there may be fundamental aspects of all HIT hardware and 
software that can be identified as a foundational knowledge base. For instance, this 
may include the ability to recognize when the technology does not address end-user 
needs and understanding how this would ultimately influence decision-making around 
the appropriateness of HIT use and impacts on health outcomes. Another example may 
be the nurse’s ability to identify when help is needed and knowing how and where to 
access additional resources to troubleshoot. Considering the increasing diversity of HIT, 
perhaps a goal in the future is to advocate for core features across all HIT devices (e.g. 
universally recognizable help button) to be incorporated in future HIT designs. 

Finally, competencies related to managing and making sense of the masses of data 
produced by various HIT will be crucial for nurses. In addition to supporting the 
nurse’s own work, it may be the case that nurses’ responsibilities related to teaching 

and supporting patient self-care (e.g. diabetes management at home) will expand to 
include supporting patients’ ability to navigate, use, and make sense of the data 
produced by HIT that they use. A crucial point of importance will be nurses’ 

competencies around educating and guiding patients on privacy, confidentiality, safe 
data sharing, and ownership of data.  

5. Conclusion  

The challenges for nurses to provide connected health care services will focus on the 
environment where services are provided, which will vary based on patients’ 

conditions and equipment and tools available. This means that nurses must have 
knowledge and skills to work with multiple technologies. As competencies, this 
involves basic understanding of data acquisition, information flow and exchange as 
well as archiving in nursing practice. In relation to connected technologies used in the 
context of nurses’ own work, additional skills include the ability to use decision 
support systems in practice, data-based planning and decision making through the 
utilization & synthesis of HIT system data, quality assurance using technology, and the 
ability to articulate the application and significance of HIT to clinical practice. As HIT 
are increasingly taken up by patients, nurses require additional competencies to support 
patient teaching and self-care around connected health technologies and being able to 
make sense of the data produced. This includes the ability to synthesize data from more 
than one source and understand its relevance to practice, demonstrating awareness of 
and ability to access data and information from multiple sources, understanding of 
patient rights related to HIT and computerized patient data, and a conceptual 
understanding of data quality issues for HIT. Competencies related to understanding 
and interpreting research will also be important, as understanding the supporting 
literature and evidence upon which technologies are based on will serve as additional 
sources of knowledge to inform decision-making around HIT use and adoption. 
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Abstract. In today’s life, social media offer new working ways. People are 

increasingly expanding interactions from face-to-face meetings to online ways of 
communication, networking, searching, creating and sharing information, and 
furthermore taking care of patients/citizens via tweeting care, Facebook care, 
blogging care, vlogging care, infotainment care, gamification-care, infographic 
care, for instance. This chapter discusses the utilisation of social media in the 
healthcare domain including nursing education, practice and research. When in the 
current healthcare era, social media is used effectively and purposefully, it can 
give all of us a greater choice in how we live, how we take care of our health and 
how we learn and build both our professional competences and produce evidence-
based, qualified data. Nurses need continuous education and proper tools to take 
the most of the benefits of social media, not forgetting privacy and ethical issues. 
This use of social media in professional nursing generates the need for new 
competences. 

Keywords. Social media, health care, nurse education, practice, research 

1. Introduction 

We read news on the web, order tickets or shop and use different kind of services 
online. We can also make a doctor’s appointment online, change dentist’s appointment 

time and so on. Social media has become a part of our everyday life. Social media 
means participation, sharing same interests, interactive networking, working together, 
meeting people, and personalized connectivity between persons, groups and 
communities. 

Social media offers opportunities to organize health care education all around the 
world for example in developing countries [1]. In addition, it provides a means for 
socialization [2]. The term Web 2.0 includes all the Internet media that are easily 
accessible, modifiable and in addition, can be easily published by an online 
community [1]. Existing Web 2.0 tools as for example Twitter, Facebook, YouTube, 
blogging, vlogging and WhatsApp are free and usable for example by mobile devices 
wherever you are - if you have an internet connection [2]. 

The use of open online solutions costs nothing for e.g. learning organizations 
meanwhile using a closed learning environment does. However, mixing different 
methods might be the most useful way to learn. Web 2.0 has been used in different 
ways in health education. Web 2.0 technologies incorporate as Cormode and 
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Krishnamurthy (2008) present “strong social component while encouraging user-
generated content in the form of text, video, and photo postings along with comments, 
tags, and ratings” [3]. It fosters to take, share and to be in contact with other students 
but it also offers a platform for participation [2]. Using networks and social media 
diversifies student counselling and enhances the availability of support. Social media 
offers a chance both for the teacher and the tutor nurse to be present online. 
Furthermore, social media tools enable counselling and tutoring while student is in 
clinical practice, or abroad. The collaboration takes place smoothly when all users find 
suitable and user-friendly tools [4]. Counselling can be asynchronous e.g. emailing, 
electronic learning environment, Facebook, blogging, wikis, which are happening in 
different times or it can be synchronous counselling e.g. videoconferencing, instant 
messaging, chatting online at the same time [5, 6]. In web, counselling it is typical that 
the communication varies between asynchronous and synchronous [5]. In addition, we 
are discussing the concept Health Social Networks (HSNs) which are online health 
interest communities like PatientsLikeMe, ZocDoc or DrEd, where persons find and 
discuss information about conditions, symptoms, and treatments, give and get support, 
enter and monitor data, and join health studies [7]. The HSNs may be 
consumer/patient-focused or health care professional-focused. 

The amount of scientific information focusing on health issues increases very fast 
and in addition, care provided has to be based on evidence-based knowledge. 
Therefore, it is important that healthcare staff and students have competences for 
example to find suitable information and in addition, to handle it by analyzing, sharing, 
discussing and creating new information with peers [2]. During two decades Health On 
the Net (HON) has a core mission, which is to promote transparent and reliable health 
information online. HON has developed both ethical standards, HON codes, in order to 
enhance qualified health information and tools to meet Internet users’ needs [8]. 

2. Education with social media 

Below are presented some common social media solutions in health care education. 
Twitter is a common and popular microblogging site that allows users to disseminate 
information in 140 characters of text or less. In nursing education, Twitter is used in 
classroom and embedded in nursing curricula and supports faculty-student engagement, 
enhances social support, reinforces course content, and advances critical thinking and 
reasoning skills, and increases a sense of connectedness among students and new 
graduates [9]. A study showed that during health care learning situations the students 
share their feelings and experiences openly and Twitter reveals ‘‘behind the scenes’’ 

conversations of the students which would have not been otherwise captured. This 
strengthens the learning process. For the nurse educators and tutors in clinical practice 
Twitter widens understanding the student role in learning classrooms or in clinical 
practice [10]. To obtain maximum benefit and most effective results, educators should 
have a theoretically driven pedagogical basis for incorporating Twitter [11].  

Facebook (FB) was created in 2004 by a university student called Mark 
Zuckerberg with his group of other students for the college students [12]. Today FB 
[12] is a widely spread, global social networking environment in which people can 
create their personal virtual environment called profile. Via FB a user can exchange 
messages, post status updates and photos, share videos, use various applications and 
receive notifications when others update their postings. FB is well-known as a 
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connector between people [13]. However, using FB in education for example as 
sharing information has not only advantages but also disadvantages, as problematic FB 
use is associated with a lower human well-being like subjective feeling of unhappiness, 
low vitality and low life satisfaction [14]. Therefore, both health professionals, 
educators and school counselors should develop interventions that focused on 
increasing well-being to decrease excessive use of FB. Additionally, social media 
literacy education may be a compulsory e.g. course for college students to increase 
their awareness of how overuse of FB or even FB-addiction may influence their 
wellbeing.  

Learning should be fun. Infotainment is form of media how to combine 
educational or useful information and entertaining content. In healthcare simply content 
delivered via infotainment is designed to be informative yet entertaining enough to 
commit in learning, and in follow-up maintain the student’s interest. This increases 
student satisfaction, too. Infotainment utilizes versatile techniques and a few of the 
features students can access on these all-in-one devices are e.g. Internet, video games, 
animations. There is a huge potential to combine health information with entertainment 
tools [15, 16]. 

There are social media platforms specifically designed to share e.g. ideas and 
research findings between researchers across the globe such as Google Scholar [17] 
and ResearchGate [18].  Google Scholar is a freely accessible Internet search engine, 
which helps to find e.g. scientific articles, theses, books and abstracts across many 
disciplines and versatile sources [17]. ResearchGate is more personalized and a person 
make his/her own research archive [18]. Furthermore via both services researchers can 
promote their profiles, view their citations, and network with others in the field by 
actively engaging in these type of social media.  

LinkedIn is considered as business oriented social networking site, which connects 
registered members. They have personal profile page, which emphasizes skills, 
employment history and education. Furthermore the members build and document 
networks of people they know and trust professionally [19]. 

Visualized information sharing utilizing well-planned texts and clear graphics is 
called infographic [20].   

Gamification is growing way of building services. It utilizes game mechanics and 
experience design to digitally engage and motivate people to achieve their personal 
goal. End users interact with computers, smartphones, wearable monitors or other 
digital devices [21].   Gamification serves students a possibility to approach knowledge 
and skills using the learn-by-failure technique without the embarrassment factor that 
often is a part of traditional classroom education. When implemented properly, 
gamification can be very powerful way to educate [22]. However, in assessing 
knowledge gamification is not as good as the traditional e-learning approach [23].   

YouTube is a service that shares originally-created videos for multiple purposes, 
and provides a forum for people to connect, inform, and inspire people across the globe 
[24].  Also YouTube is used in numerous ways e.g. many-sided learning in all fields of 
education and understanding of complex issues, amusement and ways one can ever 
imagine [25]. 

A blog is a personal way of expressing your thoughts, observations, opinions and 
passions. It is also called a diary or journal on the Internet, for example. A blog user is 
called the blogger who adds text, photos, videos and links to interesting other websites. 
Originally, the blog term comes from the expression weblog [26].  A similar approach 
is currently taken with video on the web, called vlogging. Vlog is shortened from the 
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video blog and it simply means using video distribution over the Internet. The vlog 
often combines embedded video (or a video link) with supporting text and images 
depending on what the vlog created wants to utilize. Well-known vlogging tool 
YouTube has created a platform for vbloggers to present their personal videos, which 
oftentimes are filmed using hand held point and shoot cameras. 

2.1. Case Savonia and student blogging 

In our organization, Savonia University of Applied Sciences (Savonia), social media 
has been taken into our learning, teaching and student-counselling, for instance. We 
have chosen several digital teacher’s tools in which teachers can choose and are 
trained: Facebook, WordPress, Twitter, Padlet, ScreenCast. We have discussed about 
where and in which way both teachers, bachelor or master level students and other staff 
members can utilize different platforms and applications. The organization has its own 
social media policy and guidelines for using social media. Social media provides 
educators with an opportunity to engage students both in the online classroom, home or 
in clinical practice, and at the same time to support development of learning skills and 
competencies. 

In Savonia every student creates her/his personal learning environment (PLE). The 
idea with PLEs is to put students in a more central position in the learning process by 
allowing them to design their own learning environments and by emphasizing the self-
regulated nature of the learning. The nurse students (bachelor) learn the basis of 
blogging during the first learning period. The blog is created and maintained by each 
student who invites teacher, clinical nurse tutor, and if needed, other students to join 
her/his blog. Furthermore, the nurse students utilize the blog during international 
exchange period and during their clinical practice, also the WhatsApp is used in 
collaboration and communication with our students abroad. Via student blogs the 
teacher can see show how the student’s competences have developed during their 

studies.  
The case study in Savonia was realized due to the need to have first-hand 

information how our student blogs function in practice. On January 2016 the nurse 
teachers were invited to email experiences of student’s blog usage and how the blog 

reveals nurses’ competence development. Totally six nursing teachers wrote about their 

experiences. The data was formed of these experiences, and is analyzed by qualitative 
content analysis.  

Preliminary results show that blogging mirrors the daily learning and increases the 
understanding of individual learning process, e.g. in nursing practice blogs reveal how 
the student develops from a task-focus beginner to an advanced holistic nurse student. 
Via blogging the student expresses development needs from the clinical practice 
setting. During the first week of creating their own blog students are confused of 
his/her role. He/she needs instructions and tutoring in order to learn reflecting how 
his/her learning objectives are developing. Gradually students learn to write, add links, 
photos and/or videos, and the students describe how they meet objectives during their 
clinical practice. The teacher and the tutor nurse evaluate using the student’s blog 

environment. Along the time only a few tutor nurse have refused to use blog 
environment. In addition to, blogs show that the student writing improves the more 
they do it. 

Furthermore, the communication and networking skills developed the more 
students used blogs and simultaneously the teacher and/or the nurse tutors commented 
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on the blogs. The teachers expressed that blogging fits most of the students. However, 
some students are better in verbal reflection. Teachers suggest that there should be 
guidelines related to blog use, such how often the teacher or the other staff comment 
and/or evaluate the student blog. The teachers need to be notified when the students 
have added materials in their blogs. Also students need instructions how to create a 
blog in which learning objectives, realization and evaluation is scheduled. The 
advantage of the student blog is that both the learning process and the history are stored 
in one place. So along the nursing studies different teachers can see the development of 
each nurse student, not starting from ‘empty table’. A blog is a personal product. And 

you can see student’s competences in its breadth, depth, quality and it is in constant 

development. Utilizing the social media demands both ICT skills and awareness of 
one’s own learning methods. The student needs to have reflection skills: how to reflect 

own learning by answering a question ‘what have I learnt’ instead of listing daily 

working tasks. The teacher’s role is that of a facilitator.  
Social media are often associated with breach of privacy of individuals and hence 

measures for data security are part of a schools or health care provider’s social media 
policy. Paragraph 5 will discuss this in more detail.  

3. Practice   

Via social media tools vast amounts of data are being accumulated and processed to 
develop understanding of patients’/citizens activities, to encourage their health 

activities, to support their health decisions and to follow their motivation for healthy 
choices, and adding connectivity among social media users. There is a growing number 
of solutions available to be utilized in health care, such as analysis of virtual tools that 
are useful e.g. in distance communication, in consultation and counselling, in data 
gathering and in utilization of data for various purposes, such as sharing feelings, being 
open about health issues related to individual’s daily living and asking questions [27]. 
Many hospitals use social media platforms such as Facebook, Twitter, or YouTube, and 
hospitals offer web-based broadcasting of health information, health related 
measurements e.g. body mass index or life style evaluations, and public information 
like guidelines or how to act in hospital surroundings [28]. 

3.1. Tweeting in health care 

Tweeting care is using instant messaging. Twitter as an intervention delivery method is 
proved to be rapid and an effective means of information delivery to wide population 
[9], and to ask questions to be quickly responded [29]. Twitter is used for public health 
research [30]. There are findings that Twitter supports public health behavior and fits 
for sharing reliable information about unhealthy and healthy habits e.g. e-cigarettes and 
smoking cessation online [31]. Furthermore, there are e.g. Twitter communities in 
which healthcare staff and patients can share their interest in clinical research. Twitter 
enhances rapid connection between individuals globally, and people collaborate, share 
problems and find solutions. Both staff and patients share the same interest and 
enhance knowledge in order to improve patient care [32].  
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3.2 Facebooking in health care 

FB is used in health purposes e.g. asking questions from health professionals, 
discussing with groups around different health problems e.g. mental health issues, 
encouraging groups for different purposes e.g. young mothers for the breast-feeding 
[33]. In addition, FB is used to stimulate a young cancer patient’s physical activities 
[34], enhancing communication and collaboration between professionals and 
furthermore collaboration between professionals and patients/clients e.g. net clinic 
environment [33,35]. The flexible ‘team’ communication between professional and 

patients is effective because the patient and family experience also tends to improve 
with a high-functioning primary care [36].  

3.3 Gamification in health care 

Gamification is growing as a part of patient/client care. Gamification applies game 
mechanics and game design techniques to engage and motivate people to achieve their 
health or other wellbeing related goals. Creativity and fun support is enhancing 
people’s health and wellbeing throughout life [37]. The health game can be used in 
numerous purposes e.g., child growth follow up, physical activity, dietary change, 
stress reduction and ‘stroke rehabilitation’ [38]. 

3.4 Infographic in health care 

Infographic is utilized in health care related to literacy-sensitive information e.g. 
developing community health and address community needs, and aiming at better 
health and wellbeing for citizens [39]. 

3.5 Blogging in health care 

The results of a three-year study related to health blogging [40] shows that the support 
from one’s family and friends was related to improvements in the bloggers' health self-
efficacy as well as reducing the bloggers' loneliness, particularly among those who also 
experienced increased support availability from blog readers. Furthermore, the 
bloggers' health-related uncertainty decreased. In health care blogger-patients 
participate more in their care path. Bloggers use many techniques like videos.  

Using social media does not only have advantages, but also can spread negative 
news, or influence patients negatively. Witteman et al performed an experimental study 
in which they created a composite mock news article about home birth from six real 
news articles [41]. Witteman et al randomly assigned participants in an online study to 
view comments posted about the original six articles [41]. They found that exposure to 
one-sided social media comments with one-sided opinions influenced participants' 
opinions of the health topic regardless of their reported level of previous knowledge, 
especially when comments contained personal stories [41].  
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4. Research   

Social media presents new opportunities for nurse researchers from exploration of 
research ideas to disseminations of research findings. In this section we describe how 
social media can be used at all stages of nursing research: from having ideas, finding 
information, collaborating, conducting the research, organizing and managing, 
disseminating, and evaluating. Here, social media includes not only social networking 
sites such as Facebook and Twitter, but also more narrow social forums such as Google 
Scholar and LinkedIn, and sites which store large amounts of socially generated data 
such as Google.  

Nurse scientist are increasingly engaged in social media platforms, because it 
support discovery of new ideas, help to keep them up to date, allows easy following of 
the work of others and support publication [42].  

Social media can be used as a method of study recruitment, especially snow ball 
recruitment. Snow ball recruitment, passing a research participant request from one 
person to another through a social media network can promote rapid dissemination of 
the request to the next level contacts. O’Connor et al were able to demonstrate Twitter 

as a low-cost method of recruitment for their online survey with 100 mothers of 
advanced maternal age [43].   

User generated data on social media can be used for nursing researches. For 
example, social media can provide insights on consumers’ information seeking 
behavior [44] or health behavior [45]. Social media can also provide indications of 
public opinion of specific topic, or reaction to specific event. Greaves et al used free-
text comments posted on the Internet in blogs, social networks, and on physician rating 
websites to learn patient experience of their care using sentiment analysis [46].   

Social media can be used as a dissemination strategy to get more citations and 
views of scholarly articles. For example, Nursing Research opened Facebook and 
Twitter accounts in 2010. Posts and tweets announce the current contents of the 
Journal. Nursing Research authors are showcased. Nursing Research sites serve as a 
hub for accessing research resources for nursing scientists. Information about critical 
and current health events from authoritative sources are shared and retweeted. Nursing 
Research combined social media with its traditional scholarly publication activities to 
support disseminating the best in nursing research to nursing scientist, scientist in 
related fields, nurses, health decision makers, policy makers, and people across the 
world [47]. 

It is important for nurse researchers to explore the potential and possibilities of 
social media for their researches in the future. With ready access to a vast range of 
people and data, social media offers much potential for conducting nursing research. 
However, social media research is in its early stages considering the research ethics, 
and many technical and methodological challenges in free data collection and analysis, 
and legal and ethical concerns inherent in using socially generated data remain.   

Regarding technical challenges with researches using user generated unstructured 
social media, use of natural language processing (NLP) and ontology is important. NLP 
techniques have been used to structure narrative information from social media. NLP 
techniques have the capability to capture unstructured social media data, analyze its 
grammatical structure, determine the meaning of the information and translate the 
information so that it can be easily understood by the researchers [48]. In addition to 
NLP, unstructured content and data must be unified with structured data sources by a 
common ontological layer that allows users to understand and visualize important 
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correlations between multiple data types and healthcare specific terms [49].  An 
ontology formally represents knowledge as a hierarchy of concepts within a domain, 
using a shared vocabulary to denote the types, properties and interrelationships of those 
concepts. Jung and Park used ontology to analyzed social media data on adolescents’ 

depression [50].  For more knowledge on ontologies, please refer to section C chapter 
1. 

As more researchers use social media, protection of human subjects on social 
media needs to be developed. An important body is an institutional review board (IRB) 
which usually is a group of people that monitors research designed to obtain 
information from or about human subjects and how ethical issues are taken into 
consideration in research and development work, for instance [51]. However, IRB 
considerations relating to research using social media has not been very well-
developed. Morenno, Goniu, Moreno, and Diekema reviewed the common risks 
inherent in social media research and made specific recommendations for researchers 
and IRBs for observational research, interactive research and survey/interview 
research. It is important for nurse researchers to check the latest requirements of the 
IRB when planning research using social media [52].  

5. Safety, security, privacy, and ethics in the use of social media in healthcare 

Healthcare professionals cannot be general users of social media. This means if you 
share information concerning health issue as a professional, you should use another 
account in your social media tool than the one you are using for your personal needs. In 
health related domain separate private and professional. The only way is to have 
separate accounts. Remember that what is published on social media tools is most of 
the time public domain and out of your control. Each of the tools like LinkedIn 
Facebook has private sectors where you can exchange information only to your target 
persons. Take into consideration that what you are exchanging in private sector may be 
reused by the receiver in public domain and all precautions taken are lost. To avoid 
trouble rules has to be defined between healthcare professionals and the receiver about 
what to do with information shared in the private sector through social media tools. The 
risk of misusing the ethical, privacy, safety or security rules is big. Part of this situation 
is bent with the country laws about these domains [53]. The main problem with the use 
of social media is the public aspect of the system as mentioned before. The adoption of 
the same code of conduct in place for patients and the institution is necessary. 
Recommendations are given in some countries for the use of social media. Never use 
personal tools for professional purposes. This must be separate. In the use of social 
media for healthcare only what is general, not related to patients, colleagues or 
institutions could be public domain [53, 54].  All the rest must be in the private domain 
and if it concerns a patient the rules must be clear and having the acceptance of the 
patient. The patient must be aware not to forward elements posted in the private section 
because as soon it is posted in public domain, it will be seen and may be misused.  

Before publishing on social media tools a check is to be done about the subject and 
the confidentiality. Check if elements about a patient, or a colleague can be known? 
Can the message harm patients, colleagues or institutions? Is the reputation of the 
profession safeguarded? All material that could be published is concerned including 
photos, findings results, gene sequences i.e. The sender of social media information is 
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responsible for safety, security and privacy [53,54,55,56,57]. Detailed information is 
available on Ventola’s publication [57]. 

6. Conclusion 

For the effective use of social media there are requirements. Firstly, the social media 
should be embedded carefully into care, education (including teaching and learning) 
process or other used processes. Secondly, there must clear instructions how and when 
one uses social media for versatile purposes. The user should have both information 
and communication (ICT) technical skills combined training with proper ICT-tools and 
health literacy skills.  Thirdly, users of social media should recognize their 
responsibility to the other users and follow good ethical and privacy issues. Many 
online service providers use Netiquettes that covers both common courtesy online and 
rules of the Information highway. The risks related to social media are misuse, 
intimacy and privacy issues, data security issues especially in health care field. In 
personal level social media addiction should be taken into account. Depending on who 
creates the FB group, be that a public organization or a private person, there should be 
an understanding of the governance process, etiquette what this FB environment has 
and what the users should accept. The people should be instructed if the message or 
picture posted by a FB-user is considered offensive or inappropriate in any way, and 
any FB team member can delete it instantly they see it. Furthermore, the FB user’s 

access can be denied. Due to rapid development of technical solutions, the use of social 
media requires constant education and training. In the future it is crucial to hear end-
user voice and to ask what kind of social media tools and services are really wanted. 
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Abstract. Nurse leaders must demonstrate capacities and develop specific 
informatics competencies in order to provide meaningful leadership and support 
ongoing transformation of the healthcare system. Concurrently, staff informatics 
competencies must be planned and fostered to support critical principles of 
transformation and patient safety in practice, advance evidence-informed practice, 
and enable nursing to flourish in complex digital environments across the 
healthcare continuum. In addition to nurse leader competencies, two key aspects of 
leadership and informatics competencies will be addressed in this chapter – 
namely, the transformation of health care and preparation of the nursing workforce. 

Keywords. Leadership, digital competencies, professional practice, education, 
transformation  

1. Introduction 

Leadership and the technological revolution in today’s dynamic healthcare sector are 
focal discussion topics both in the scientific and popular literature. Calls for 
development of informatics competencies among nurse leaders, while not new, are 
increasingly vocal and compelling [1-7].  Such demands are triggered by a variety of 
drivers including shifting population demographics, increasing burdens of chronic 
disease, spiraling health care costs, scarce resources, major shortages in qualified 
healthcare professionals, consumer demands for improved quality, transparency and 
self control, calls for person-centric integrated models of care, supported by the 
ubiquity of technology [7-11]. National reports call for significant reforms of existing 
healthcare infrastructure and leadership practices with tangible recommendations 
involving technology for the future [12-14]. In sum, this development exposes the need 
for leaders that don’t simply react to suggested IT-solutions, but understand 
information management, digital trends, and future practice implications and are able to 
capitalize on opportunities in a digital era. 

This chapter will highlight the skills required by nurse leaders such as Chief Nurse 
Executives (CNEs), Vice Presidents of Care services and other senior leadership 
personnel, to support authentic healthcare transformation, advance nursing roles in 
digital environments, and ensure workforce digital competence to provide professional, 
evidence-informed care in complex, connected health environments.  
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2. Leadership as a Characteristic of Nurse Executives 

The 2010 Institute of Medicine & Robert Wood Johnson Foundation report [12] 
proposed a comprehensive map for the future of nursing in the United States with new 
roles to transform healthcare along three aspects - leadership, education, and practice. 
With broad and discipline-specific transformation as core principles, this report 
declared that nurses are essential to help shape and lead the future of a dynamic, 
integrated, patient-centric health care system.  In response to the centrality of nursing in 
healthcare, new types of nursing roles are emerging to support leadership and 
transformation, including Chief Nursing Informatics Officers and Nursing Informatics 
Executives [12]. These innovative leadership roles are considered essential to 
effectively support transformational activities and enable new models of care in clinical 
practice with appropriate technology solutions [9-11].  Likewise, other international 
organizations, including the National Health Services (NHS), Organisation for 
Economic Co-operation and Development (OECD), Academy of Canadian Executive 
Nurses (ACEN), Norwegian Nurses Organization, and the Swedish Society of Nursing 
are highlighting that greater adoption of digital solutions requires nursing informatics 
competency among nursing leadership to leverage technological solutions that can 
support contemporary nursing practice, and advocacy for future optimization of nursing 
in technological environments [13-17]. Further, advocacy of nursing within key 
priorities includes but is not limited to data quality, evaluation metrics, data science/big 
data, eSafety, and strategic advocacy for clinical information system design, 
deployment and procurement aligned to meet patient and nursing needs [18-22]. 

Leadership, as both a professional descriptor and a commodity in practice, reflects 
skillful synthesis of a) capacities of the individual in the job, e.g., knowledge, skills, 
experiences, b) the frame of the role, e.g., purpose, perspective and position, and c) the 
agenda of the job, e.g., strategic and operating goals, care quality, resource utilization, 
and policy [5]. Clear expectations regarding nurse executive leadership and nursing 
informatics competencies are essential to move beyond simply ‘being aware’ of 
informatics while delegating responsibility to other specialists to create discrete 
learning opportunities targeting nurse executive preparation enabling effective practice 
of informatics knowledge and skills across executive environments [2-4, 9-11, 23].  

While informatics specialists can be available for deep expertise, nurse executives 
require a “broad, working knowledge of IT to safeguard patient care outcomes” [3]. In 

his 2013 study of CNE competencies in nursing informatics, Simpson found that senior 
nurse executives experienced a competency gap in “awareness of societal and 

technological trends, issues, and developments as they relate to nursing” [3, p.6], 
resulting in self reports that most CNEs felt unable to effectively represent nursing 
needs in the technology discussion and evaluation processes dominated by physicians 
or other stakeholders. Further, nurse executives reported that their roles were relegated 
simply to review software functionality [3], and that nurse leaders may not even be 
invited to report nurse specific perspectives when assessing potential functionality [11]. 

Five common competency domains for nurse executives were identified by 
American Organization of Nurse Executives (AONE) [18]. Figure 1 illustrates the 
domains of communication and relationship management; knowledge of the health care 
environment; leadership; professionalism; business skills and principles. Within these 
domains, explicit competency statements are provided which support the broad skills 
required to effectively provide nursing leadership. These recently updated Nurse 
Executive Competencies [18] provide a robust example of explicit expectations around 
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informatics competency. Development of these competency elements is critical to 
resolve some of the frustration historically encountered by nurse leaders.  

 

Figure 1 AONE Nurse Executive Competency Model (2015, p.2), copyright 2015, by the  
American Organization of Nurse Executives (AONE). All rights reserved. 

 
 
Under Business Skills, AONE includes a subsection of Information Management and 
Technology, with seven key competency elements (Table 1).  

 Table 1 Business Skills excerpt, AONE Nurse Executive Competencies (2015, p. 10), copyright 2015, 
by the American Organization of Nurse Executives (AONE). All rights reserved. 

INFORMATION MANAGEMENT AND TECHNOLOGY 

Use technology to support improvement of clinical and financial performance  

Collaborate to prioritize for the establishment of information technology resources  

Participate in evaluation of enabling technology in practice settings  

Use data management systems for decision making  

Identify technological trends, issues and new developments as they apply to patient care  

Demonstrate skills in assessing data integrity and quality  

Provide leadership for the adoption and implementation of information systems  

 
The following informatics competencies are recommended to extend the AONE list:  

� Actively challenge boundaries within, across and outside the traditional care 
settings, to enable personalized, coordinated, and connected health care  

� Foster nursing practice that maintains client advocacy in connected healthcare 
and empowers clients to effectively use the tools of connected health for 
supported self management to achieve desired health outcomes 

� Identify data sources and data types that inform data driven clinical decisions 
that leverage clinical intelligence and practice-based evidence 

� Demonstrate the ability to identify, filter, and use information to support 
strategic organizational and profession-specific decision making 

M.A. Kennedy and A. Moen / Nurse Leadership and Informatics Competencies 199



� Balance the use of technology with the humanistic perspective of nursing 
practice  

� Demonstrate effective change management skills to resolve resistance to 
change and further support digital enablement and clinical practice alike. 

3. Transformation of professional practice environments  

Healthcare transformation is reflected in shifting models of care, increasing use of 
interprofessional care teams, and the widespread adoption of clinical information 
systems (CIS) to support care provision. With many organizations investing in CIS, it 
is essential that nurses have an active role in contributing to the requirements gathering, 
evaluation, design, and ultimate selection of clinical systems [2-6, 11, 23-27]. 

Two core aspects of the ongoing transformation to connected care, include a) 
shifting from support of episodic to a more longitudinal perspective of care, and b) 
increasing opportunities for the individual and family’s access and engagement with 
personal health information, which encompasses access to of all care settings, including 
the full scope of activities in primary care, home dwellings and specialized care [28].  

As the largest group of users of and contributors to health information systems [26], 
nurses have enormous stakes in transformation of clinical environments. The 
availability of accurate, timely, and accessible data, collectively referred to as clinical 
intelligence, is essential in contemporary clinical practice environments. Nurses are 
ideally positioned to advance clinical intelligence and practice-based evidence through 
attention to data quality, guideline implementation, as well as design and selection of 
effective solutions [20].  

When operating at their peak, innovative clinical systems provide users with 
accurate, readily accessible data supporting improved clinical decision making and 
nursing practice, outcomes and quality measurement, enhanced interprofessional 
communications, improved patient safety, and sophisticated analytics to inform all 
aspects of health care delivery and administration [2, 6, 9, 18, 21, 22]. However, when 
nurses are not engaged in design and procurement processes, they frequently find 
themselves working with systems that fail to meet clinical needs, and are subsequently 
compelled to find workarounds to maintain patient safety to compensate for system 
flaws or even failed implementations [4, 26, 36]. In these instances, nurse executives 
must “function as the voice of patient care” [3] in assertively advocating for 

functionality and workflows that effectively meet patient care needs and their safety.  
As demands for data-driven decisions across healthcare systems continue to rise, 

the infrastructure supporting clinical information management will necessitate 
interoperable information systems seamlessly linked with financial, human resource, 
organizational systems. CIS that incorporate principles of data science and analytics to 
inform evidence-based decision making are critical elements of this demand [21, 22, 
29]. However, in many instances, clinical information systems are the last to be 
deployed, after laboratory, radiology, financial, admission-discharge and transfer, and 
other modules have long been in use. Nurse executives can use tools like the AONE 
Guiding Principles [24,25] to develop capacities and prepare to advocate assertively to 
introduce solutions that are unambiguously patient-centric, and meet nursing needs 
with intuitive interfaces, clinical decision support solutions, and unrestricted access to 
databases in centers of excellence. Nurses and nurse executives are best positioned to 
represent nursing workflows and core nursing needs supporting patient care.  
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Where nurses are unable to provide leadership and clear requirements, other 
disciplines will emerge to drive change and procurement, such as physicians [3] or 
information system (IS) experts, who note that a “rare and remarkable opportunity has 
emerged for the IS community to leverage its in-depth knowledge to both advance 
theory and impact practice and policy” [29]. Further, in many practice settings, 
incongruence between existing clinical workflows and Commercial Off-The-Shelf 
(COTS) products necessitate additional customization and active nursing engagement 
to represent critical information flows and decision points in nursing workflows. With 
alignment to workflows being critical to securing an effective CIS, many IS resources 
recommend alignment to medical or generic workflows [29]. This is not an uncommon 
approach and illustrates necessity of nurse leaders being active participants in health 
information system requirements gathering, design, procurement, and implementation.  

4. Transformation of the profession  

Requirements identification and selection of a digital information system, whether a 
specific electronic health record (EHR), a clinical information system, a portal, or a 
selection of mobile apps, are often part of the organization’s larger digital ecosystem 
(See section C chapter 1 for further explanations about the health ecosystem). 
Evaluations of systems and the vendors’ offerings are often a procurement decision, 
influenced by a multitude of interests beyond those of the actual end users. Functional 
and non-functional requirements, and system choice are likely to reflect priorities and 
intentions of the organizational procurement division, but engagement and advocacy 
are important strategies to contribute clinician and end user perspectives.  

Being a dependent adoption decision [30], procurement deliberations and decisions 
can generate challenging conditions for clinical practice. Gaps in clarity of or 
alignment with the scope of intended clinical transformation, and disrupted information 
flows within and among interprofessional teams often create challenges during and 
following implementation of CIS. For the existing workforce of registered nurses, 
physicians, and other health providers, starting to use a digital information system to 
document clinical encounters and professional decision making, becomes a process to 
adopt features and functionalities of already selected systems in the available digital 
ecosystem. Workforce preparation to maximize the abilities and advantages of the 
system will depend on the core features and identified problems a system sets out to 
solve. For example, a CIS can be perceived as invaluable in meeting specific 
professional requirements for one group of clinicians while it may be seen as very 
cumbersome to integrate for other professionals in another practice. Workforce 
preparations can therefore involve different activities. 

The strategies required to achieve system transformation must include the strategic 
vision of what professional practice will be, identification of the necessary clinical and 
digital competencies, clear articulation of the program of activity with local clinical 
intelligence and required data needs supporting clinical practice and client outcomes, 
and overall alignment to organizational, regional/national, and disciplinary strategy and 
priorities [3, 9, 25]. Nurse leaders’ capacities to shape future practice and ensure up to 
date competencies of the workforce to access information and apply knowledge are 
core contributions for the overall preparation of a workforce. This includes abilities to 
master available systems, support practice-based and data driven decision-making, 
maintain continuity of care, and ensure patient safety at all times [3, 9, 23]. Informatics 

M.A. Kennedy and A. Moen / Nurse Leadership and Informatics Competencies 201



overviews, anticipation and articulation of desired competencies, training requirements 
and education opportunities would ensure that the workforce has the necessary 
information technology (IT) skills and digital health literacy [23] to successfully 
practice and contribute to a transformed healthcare environment. Nurse executives are 
“in a prime position to bridge research, education, and practice” supporting workforce 

preparation [9]. Section A chapter 2 discusses the role of formal education in greater 
depth, and thus, the following section will highlight three core dimensions of 
workforce preparation: digital literacy, system, and practice.  

4.1 Competency in health informatics - digital health literacy  

A core challenge whenever health informatics and digital opportunities are introduced 
in health care is the development of workforce knowledge and articulation of specific 
competencies. A significant number of all health care professionals are digital 
immigrants [31], and as such, unfamiliar with many of basic features or functionalities 
of any digital system. Leadership is about facilitating and ensuring processes where 
nurses remain highly skilled professionals with added expertise in information 
technology and nursing. Therefore, digital health literacy or eHealth literacy is an 
important foundational topic for workforce preparation and in-service training. While 
often organized as part of deployment of any digital system, training should go beyond 
system specific introduction to ensure staff have demonstrable competencies to locate 
and act upon information in digital form [32]. 

Acquiring new skills and capacities to use and take advantage of the opportunities 
is a core issue in workforce preparation. Digital literacy or information literacy, 
informatics awareness or computer experience are connected to the professional use of 
information technology [33]. Few standards or guidelines are available to integrate 
broader nursing informatics competencies into either undergraduate or graduate level 
programs, making it difficult to design appropriate nursing curricula or provide 
competency guidelines [8, 23, 34, 35]. Defined and validated informatics competencies 
for nurses at four levels of practice have been available for more than a decade, and 
provide competencies for the beginner, experienced, Informatics Nurse Specialist and 
informatics innovator [7, 36]. These levels focus on different expectations regarding 
technology use, information system use and informatics-specific content issues to guide 
curriculum development. Educational resources that could apply for workforce 
preparation are discussed in section B chapter 1 - Informatics Competencies to Start 
Professional Life: A Global Perspective, and section B: What practicing nurses need to 
know about Health IT in order to practice today: Continuing education and certification. 
A collective challenge for nursing executives is to widely disseminate and adopt 
suggested competency–based training beyond formal academic programs to ensure 
timely, accessible workforce access. 

For workforce preparations to advance digital health literacy a set of minimum 
level competencies will be necessary. There are suggested two levels of learning:  

� Understand: demonstrated as a set of knowledge and skills related to actual 
use of any clinical information system, EHR, or eHealth/mHealth solution  

� Know: familiarity with and ability to relate a topic in a clinical system to a 
specific aspect of work, for example laws, ethics and standards.  

Therefore, workforce preparation could emphasize competence to access to 
information for continuous care and patient safety, confidentiality and privacy, 
conditions for exchange of health data, information use for different digital systems, 
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and encourages health professionals to provide feedback and actively engage in 
processes to elaborate and expand the set of suggested competencies [11, 37].  

Recommendations for leadership initiatives targeting workforce development 
include implementation of systematic processes to become digitally competent, and 
formalizing transitions to mandatory competencies with discrete education programs 
encompassing a full range of information [23]. This type of educational program would 
necessarily include foundational knowledge (e.g., data-information-knowledge-wisdom, 
data standardization, data quality) as well as core set of minimum data, to more 
advanced levels of information, such as that related to analytics [3, 9, 23].  As progress 
is made on core or ‘classical’ topics for nursing informatics for both the workforce and 
nurse executives, attention will need to shift to skills needed for connected care, where 
new actors join and the need will shift to even greater needs for data science and 
connecting people to health information [38]. 

4.2 Competency in information system procurements 

An important area of workforce preparation relates to capacity for participation in 
procurement and customization of a system, where the selection of core features, 
emphasis on specific data elements or tailored information sequences or data subsets 
set the stage for local, practice-specific use [3, 9]. Ensuring appropriate workflow 
support, algorithms, patient safety and quality care when professional requirements and 
information systems assessment match up with little opportunity for harm is paramount 
for procurement and further customization of any CIS [24, 26, 39]. These are 
fundamental considerations leading to workable templates for documentation of 
professional deliberation and enactment, specifications of guidelines, selection of rules, 
and making decision support relevant.  

As part of the nurse executive scope in procurement processes, it is critical that 
vendors understand and accept that they must consider more than one workflow to 
achieve transformation. Simply replicating a linear, generic “paper-based” workflow in 
a digital environment is insufficient to support authentic transformation and gain the 
true value of intelligent electronic systems. Nurse executives can challenge vendors to 
balance workflows, present data in multiple ways, and position the patient and clinical 
needs as their priorities – rather than forcing clinicians to accommodate to a system 
design. Further, requirements gathering must specifically include nursing as well as 
other clinical disciplines to ensure that both functional and non-functional requirements 
are explicitly captured, prioritized, and considered across the systems development 
lifecycle – and particularly in the design phase. 

4.3 Competency in practice development, teamwork and workflow adaptation  

A core challenge to workforce preparation is to learn how to work within CIS and 
broader digital health information ecosystems, and deal with changes introduced as a 
consequence of the CIS, either in the representation of professional practice or in the 
new opportunities to collaborate in hybrid teams. A key feature of current 
interprofessional teams is equity in contributions by health professionals combined 
with patient and family involvement. This is the prime example of transcending 
boundaries in connected health. Many opportunities exist to explore, and exploit 
information in CIS in concert with patient-generated data and reports of daily living.  
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Generating the clinical intelligence and practice-based evidence that drives 
improved patient outcomes through accurate and timely data provision to clinicians and 
interprofessional forums is only one dimension supporting best practice in 
transformation. Nurse executives are encouraged to adopt a systems perspective to 
ensure that such clinical intelligence is incorporated throughout care plans, assessments, 
and outcomes evaluations in ongoing, health-focused decision making that includes and 
supports patients. Nurse executives should also seek to include aspects of the following 
considerations to transformation: 
�� Prioritizing personalized care and new mechanisms of engaging individuals and 

families as partners in all aspects of connected health, where personal experience 
and preferences are incorporated into care delivery, appropriate analytics utilize 
multiple information sources ranging across clinical information systems; and 
self-care and clinical decisions are supported through access to Internet of 
Things-based personal devices; 

� Accommodate changes in sites of care, developing models that are sensitive to 
multiplicity in spatial and temporal dimensions over longitudinal trajectories of 
care;  

� Practice models of interprofessional teams where equity in contributions from the 
individual and family and health professionals are incorporated in the assessment, 
deliberations and enactment in ongoing, health related decision making; 

� Challenging existing digitization of workflow and practice to support 
transcending traditional boundaries. Advocacy for transformation beyond simply 
placing “forms” into electronic environments and expecting clinical outcome 

improvements. 

5. Implications for Leadership 

Transformation sits in the convergence of drivers and enablers for a new digital health 
ecosystem, leadership, and workforce preparation. The layers of complexity within 
contemporary healthcare environments and the requisite skills needed to effectively 
lead professional nursing practice necessitate that nurse executives develop explicit 
informatics knowledge and skills for themselves and their workforce. While collateral 
competencies developed for effective organizational leadership and clinical information 
management can be scaled to support broader leadership across the profession of 
nursing and the healthcare sector, informatics knowledge cannot be delegated to 
informatics specialists, and nurse executives must prioritize this set of essential skills. 
Key competencies for nursing executives leading evolving connected care include:  
� Fundamental understanding of core informatics concepts and their utility to 

nursing, professional collaboration and patient safety; 
� Understanding how digital health information ecosystems either support or 

disrupt clinical workflows and the implications of any such changes;  
� Ability to actively and accurately represent nursing needs in design and 

deployment as well and procurement and customization; 
� Ability to facilitate/enable development of workforce preparation strategy and 

educational program, including mandatory competencies, additional 
competencies; and 

� Change management skills to complement informatics skills. 
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Achieving these competencies will require nursing executives to examine a variety 
of educational forums, including formal academic programs, as well as entrepreneurial 
innovations that create opportunity within and beyond the organizations [40] using 
hybrid solutions for continuous education, such as digital learning environments (e.g., 
Massive Open Online Courses (MOOC), Small Private Online Course (SPOC), local 
eLearning courses). As enterprises across the globe continue to increase the pace of 
healthcare digitization in pursuit of greater quality and success, and the Internet of 
Things, mHealth, and data analytics continue to gain momentum, it is imperative that a 
coherent program of discrete opportunities are established to enable development of 
informatics competencies among nurse executives, and that nurse executives articulate 
their needs.  

In this digital era of increasingly connected health, developing capacities and 
informatics competencies for nurses and nurses executives are an essential strategic 
enabler to the achievement of all other executive leadership competencies, including 
communication and relationship management, knowledge of the healthcare 
environment, business skills and principles, and supporting nursing practice. 
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Abstract. The changing environment of healthcare and the increasing reliance on 
technology to drive and evaluate change requires efficient tools to assess and 
educate nursing leadership on the skills necessary to succeed in their leadership 
roles. Using the Nursing Informatics Competencies for Nurse Leaders (NICA-NL) 
Scale as an example, this chapter will explore how such a tool can be implemented 
and provide value to healthcare organizations, as well as advance nursing practice. 
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1. Introduction 

The role of the Nurse Leader is continuously demanding greater in-depth knowledge 
and skills related to nursing informatics, as discussed in section D chapter 1 of this 
book. Healthcare organization-based Nurse Leaders include Chief Nursing Officers, 
Directors of Nursing, and Nurse Managers. Individuals in these roles are engaged in a 
wide breadth of activities, ranging from planning EHR training curriculums to 
identifying strategic initiatives for innovation. Baseline knowledge of informatics is 
important to guide the Nurse Leader’s work, particularly as advances in nursing 
practice become increasingly intertwined with innovation. 

2. Background 

The Nursing Informatics Competencies for Nurse Leaders (NICA-NL) Scale is a 
validated self-assessment competency tool for Nurse Leaders that has undergone 
extensive development and validation.[1]. The tool consists of 26 items that group into 
6 factors (Strategic Implementation Management, Advanced Information Management 
and Education, Executive Planning, Ethical and Legal Concepts, Information Systems 
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Concepts, Requirements and System Selection).[1] The NICA-NL tool has been 
copyrighted and is available for use, and can be accessed here [1] or by contacting the 
authors. In previous work, our team identified that the majority of Nurse Leaders 
surveyed have learned informatics knowledge and skills ‘on the job’ or through ‘self-
learning’. Tools that can be applied to the Nurse Leader’s practice, and are accessible 

as part of a suite of educational resources provided to the Nurse Leaders by his or her 
employer, have the potential for wide-spread adoption and impact. 

3. Application of NICA-NL at health care organizations 

3.1. Vision 

Nurse Leaders comprise a large portion of middle to upper management leadership 
positions throughout healthcare organizations, with titles such as Nurse Manager, 
Nurse Director, and Nurse Executive. Given that the Nurse Leader’s primary focus is 

not on nursing informatics, it is important to understand why we need a self-assessment 
tool focused on Nursing Informatics Competencies for Nurse Leaders. Nursing 
management and practice can no longer be separated from informatics and the 
pervasive use of technology and data to deliver, evaluate, and improve healthcare. 
Given the limited available time and resources of Nurse Leaders and their 
organizations, efforts to increase competency skills and knowledge need to be 
relatively low-intensity, scalable, and sustainable. Low-intensity interventions that can 
be delivered to large numbers of people may have a more pervasive impact than more 
efficacious interventions that require greater resources.[2]  

In this chapter we provide an overview of one approach that can be used to 
implement a validated informatics self-assessment tool, the NICA-NL, and discuss 
opportunities NICA-NL could provide for healthcare organizations and more broadly 
nursing management and practice. The RE-AIM framework (Reach, Efficacy, 
Adoption, Implementation, and Maintenance) has been used to guide the 
implementation and evaluation of innovations in public health, informatics, and nursing. 
[2] The use of this framework provides an incremental path and guidance to achieve 
and measure increased informatics competency levels of Nurse Leaders at an 
organization.  

3.2. Implementation Framework 

The RE-AIM framework states that the impact and sustainability of an intervention 
should be evaluated based on its: 1) Reach, 2) Efficacy, 3) Adoption, 4) 
Implementation, 5) and Maintenance. Here we provide an overview of how the NICA-
NL could be implemented at a healthcare organization using the RE-AIM 
framework. [2] 

 
� Reach: Who is the intended, target audience for NICA-NL?  
� Efficacy or effectiveness: What outcomes/impacts could you observe at 

your organization?  
� Adoption level: How many Nurse Leaders have used the tool at your 

organization?  
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� Implementation consistency, costs and adaptations made during delivery: 
What resources are needed to implement the NICA-NL?  

� Maintenance of intervention effects in individuals and settings over time: 
How are NICA-NL re-assessments performed for new and existing Nurse 
Leaders?  

3.2.1. Measuring potential for impact on organization 

There are many nursing leaders at any given healthcare organization. Some Nurse 
Leader roles provide input into strategic plans for their organizations, others execute 
the management of staff nurses at the bedside. Understanding the varied Nurse Leader 
roles at your organization and clarifying the scope of efforts to increase nursing 
informatics competencies is critical. Small scale pilot implementations to only C-suite 
Nurse Leaders versus spreading the NICA-NL tool to all Nurse Leaders that make 
bedside nurse staffing and care process decisions will have different measures of 
success. Implementation of NICA-NL for C-suite Nurse Leaders may involve one-on-
one sessions and individual guidance. NICAL-NL consists of six sections: 1) Strategic 
Implementation Management, 2) Advanced Information Management and Education, 
3) Executive Planning, 4) Ethical and Legal Concepts, 5) Information Systems 
Concepts, 6) Requirements and System Selection. If identified as a low competency, 
the C-suite Nurse Leaders could be provided with one-on-one sessions and guided 
resources specific to these concepts. Evaluating effectiveness with C-suite Nurse 
Leaders could include individual follow-up via qualitative interviews to uncover 
perceptions of increased competencies related to Executive Planning, remaining gaps in 
knowledge, and demonstration of application of this new informatics knowledge into 
his or her responsibilities related to Executive Planning.  

Implementation of NICA-NL across a broad swath of managers and directors of 
clinical units in a hospital could be achieved through recorded and live webcasts 
introducing the tool and how to access it and associated resources. Deployment using 
electronic survey software would allow for aggregated, de-identified data analysis to 
trend areas of low competency across the organization. Trending low self-assessed 
competencies areas could serve as high priority areas to identify and provide all Nurse 
Leaders within the organization links to existing educational resources or to design and 
provide nursing educational sessions and webinars. Process oriented metrics could be 
evaluated and aligned with the targeted areas for nursing informatics competencies. For 
example, one section in the NICA-NL tool is “Strategic Implementation Management”. 
Identifying this as an area of need prior to a broad Electronic Health Record (EHR) 
system implementation or upgrade would provide data that additional training is 
needed in advance of the implementation. A re-assessment of the same Nurse 
Managers and Directors using NICA-NL post implementation of the EHR system 
combined with process metrics of system implementation success (e.g., decreased 
portion of help desk tickets related to lack of user knowledge) could provide important 
data on the effectiveness of training and resources on readiness of the end-user. 

Measuring actual adoption level (how many people used the tool) is critical to 
understand what level of impacts could be expected and potential for further uptake and 
spread without additional resources. Technology typically follows an adoption curve 
consisting of: 1) use by a few Innovators, 2) use by a small minority of Early Adopters, 
3) use by an Early Majority, 4) use by a Late Majority, and finally 5) use by Laggards, 
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in that order.[3] Identifying characteristics of early adopters of NICA-NL may help 
identify motivated champions of Nursing Informatics at an organization. 

3.2.2. Realizing value for an organization  

A self-assessment tool is attractive to an organization precisely because it is of relative 
low-intensity, scalable, and sustainable. These qualities do not infer that there are no 
associated costs or overhead. Tracking costs, including individual’s time and efforts, 

are important to be able to demonstrate that incurred costs, however small, are worth a 
sustained and budgeted investment for nursing. Resources may include use of 
electronic survey software and secure server access, time for nurse educators and 
informatics specialists to collate and/or develop resources or curricula to meet 
identified competency needs, and time for Nurse Leaders to complete the NICA-NL 
tool and use resources provided for professional development.  

Incorporating the NICA-NL into orientation for new Nurse Leaders and/or yearly 
trainings for current Nurse Leaders at an organization could provide a sustainable path 
to improve competencies overtime. A culture change that recognizes the value of 
nursing informatics competencies as part of minimum competencies for the Nurse 
Leaders may be required at some organizations. Systematic implementation of the 
NICA-NL based on the RE-AIM framework provides steps and evaluation techniques 
that can be leveraged to encourage and evaluate adoption and demonstrate the value of 
increasing Nurse Leaders’ informatics competencies for an organization.  

3.2.3. Potential for impact internationally 

Validated assessment tools are needed to identify gaps in knowledge and guide 
resource development to meet those gaps. Nursing management and practice are 
evolving worldwide, as described throughout this book. Our research team is currently 
expanding NICA for use by registered nurses (NICA-RN). Self-assessment tools can be 
used by the individual and with support by their organizations. The ability to evaluate 
trends in Nurse Leaders’ informatics competency levels in the aggregate will enable the 
nursing profession to track improvements in knowledge and rapidly pivot resources to 
identified needs. With standardized validated tools these efforts can be realized at the 
local, regional, national and international level.  

4. Conclusion 

The NICA-NL is a validated self-assessment nursing informatics competency scale for 
Nurse Leaders. We described approaches to implementing NICA-NL at a healthcare 
organization using the RE-AIM framework as a path to evaluate and demonstrate value. 
Systematic measurement of competency levels is critical for the advancement of 
nursing informatics throughout the nursing profession. 
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Abstract. The scope of nursing informatics practice has been evolving over the 

course of the last 5 decades, expanding to address the needs of health care 

organizations and in response to the evolution of technology. In parallel, the 

educational preparation of nursing informatics specialists has become more 

formalized and shaped by the requisite competencies of the role. In this chapter, 

the authors describe the evolution of nursing informatics roles, scope and focus of 

practice, and anticipated role responsibilities and opportunities for the future. 

Further, implications and considerations for the future are presented.  

Keywords. Nursing informatics specialist, role function, connected health, data 

science, big data, personalized medicine, clinical intelligence, virtual care 

1. Introduction 

By 2018, 22 million households will use virtual care solutions, up from less than a 

million in 2013. Average (healthcare) visits among these adopter households will 

increase from 2 per year in 2013 to 6 per year in 2018, which include both acute care 

and preventive follow-up services in a variety of care settings—at home, at retail kiosk 

or at work. [1]   

Nursing informatics roles have taken many forms in focus and function over the 

last decades; suffice it to say that they have not been consistently described or defined 

in terms of scope of practice. At the time of this writing it is clear that role of nursing 

informatics specialists will continue to evolve at an increasingly rapid rate in the 

coming years. The unfolding of new health care paradigms will bring greater 

connectivity between care providers and patients, include a wide array of emerging 

technologies and an increasing emphasis on data analytics will make the integration of 

informatics competencies into every area of nursing an imperative. 

2. Brief history of roles of the past and present 

The earliest and most common types of informatics work assumed by nurses has 

included: oversight of organizational workload measurement systems, project 

leadership, systems educator, and nursing unit or departmental information technology 

resource. In many instances, these roles were enacted on the basis of a specific 

identified organizational need and were often secondments to the Information 

Technology Department. It was not unusual for these roles to have the designation of 
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“IT nurse” [2]. As role responsibilities and job titles have been widely varied, so have 

the qualifications for each. The need for more specificity and consistency in nursing 

informatics roles has been recognized for several years [3, 4, 5]. 

The advent of formal education programs for nurses interested in specializing in 

informatics has occurred in conjunction with increasing sophistication in the use of 

information and communication technologies (ICT) in clinical practice settings. Today, 

nurses have the option to pursue specialization and credentials at a variety of levels 

including graduate specialization and specialty certification. Advanced credentials and 

certification (e.g., Certified Professional in Healthcare Information and Management 

Systems - CPHIMS) have afforded nurses the opportunity to achieve credibility and 

legitimacy regarding the specialty informatics knowledge and skills they bring to bear 

in nursing practice and academia and healthcare in general [6]. This credibility has 

been recognized with the development of executive level positions such as the “Chief 

Nursing Informatics Officer” (CNIO) in some countries. The position of the “Chief 

Medical Informatics Officer” (CMIO) is much more prevalent and deemed essential in 

medium and large health care organizations while the C-level nursing counterpart 

remains less common. Several authors [7-11] have described the role and competencies 

for these senior informatics positions, yet the valuing of these positions remains limited 

among health care provider organizations. 

In addition to the evolution of formalized training programs for nurses interested in 

informatics, the specialty of nursing informatics has continued to evolve and has 

become recognized in local jurisdictions, nationally and internationally. Groups of like-

minded nurses have organized into special interest groups affiliated with larger 

interdisciplinary organizations (e.g., International Medical Informatics Association - 

Special Interest Group on Nursing Informatics (IMIA-NI-SIG)). Organizations such as 

the Canadian Nursing Informatics Association (CNIA), the American Nursing 

Informatics Association (ANIA), the Nursing Informatics Working Group of the 

European Federation for Medical Informatics (EFMI-NURSIE) are examples of forums 

for nurses to network, collaborate and profile their work in informatics. The existence 

of these specialty organizations has served to further legitimize the work of nurse 

informaticians and provided a venue for advancing regional, national and international 

efforts in nursing informatics. Through conferences, meetings and the offering of 

educational sessions, virtually and face to face, these networks of nurse informaticists 

have collectively advanced the practice and science of nursing informatics. A case in 

point is the International Nursing Informatics Congress and post-conference, now held 

bi-annually and hosted by countries across the globe. Outputs of these meetings include 

publications such as this one; benefitting nursing informatics specialists and the nursing 

profession worldwide. 

At the time of this writing, we find nursing informatics specialists in virtually 

every clinical practice setting. The roles and focus of their work endeavors are wide 

and varied. The titles of “informatics nurse”, “nurse informatician”, and “nursing 

informatics specialist” are but a few of the titles applied to nurses working in the field. 

Many of the roles of the past and present have been more extensively described 

elsewhere [2,12]. For the purpose of this chapter, the authors use the title of nursing 

informatics specialist to provide illustrations of the potential focus of these roles 

current and future. 

Roles to date have largely focused on supporting acquisition, implementation and 

evaluation of clinical information systems in health care organizations. As noted by 

McLane and Turley [4], “informaticians are prepared to influence, contribute to, and 

mold the realization of an organization’s vision for knowledge management” (p.30). 
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Nurses have been in pivotal roles at every step of the systems life cycle and 

instrumental in the success of deployments at every level of an organization. From the 

provision of executive oversight, project management, systems education and training, 

and analytics, nurses in clinical settings have become core to organizations’ 

information management infrastructure and support.  

In addition to health care provider organizations, nursing informatics specialists 

can be found in the employ of technology vendors, retail outlets, and consulting firms 

while many others have created their own entrepreneurial enterprise. Over the last few 

decades, technology vendors, hardware and software, have come to appreciate the 

invaluable contribution of nurses to the development, sales and deployment of their 

solutions. Throughout the world, nurses are also engaged in academic pursuits to 

advance the knowledge base of nursing informatics through the conduct of research.  

Efforts are underway in many countries to advance the adoption and integration of 

entry-to-practice informatics competencies into undergraduate nursing programs. 

Notwithstanding some of the ongoing gaps in the provision of informatics content in 

undergraduate nursing education, many courses and programs have been taught in a 

variety of post-secondary education institutions over several years by nursing 

informatics specialists. In fact it is not unusual for many nurses to develop an interest 

in informatics through a single course and subsequently pursue further studies and 

employment opportunities. 

Since the early 90’s many graduate level courses and degrees, certificate and 

certification programs have been developed and offered world-wide. Nurses have 

pursued these opportunities recognizing the necessity of informatics knowledge and 

skills now and particularly into the future, as they face an increasingly connected world 

of digital healthcare. To a large extent, the core competencies of the nursing 

informatics specialist have become essential for all nurses and expectations of the 

specialist role will continue to evolve even further. 

3. Emerging roles for nursing informatics specialists 

The healthcare sector continues to evolve in the application and use of technologies to 

support the delivery of care. Factors including: a) rising health care expenditures, b) the 

increasing incidence of chronic disease, c) the ubiquity of technology, d) an aging 

demographic, e) personalized medicine, f) mobile and virtual healthcare delivery, g) the 

emergence of consumer informatics, h) genomics, i) big data science, and connected 

health are and will continue informing the evolution of nursing informatics roles.  

One of the main challenges we have to cope with is the difference in growth rate 

that is exponential for the new technology and knowledge yet is still linear for 

changing human behavior, learning, organizations, legislation, ethics, etc, A linear 

growth rate is mostly represented by a function in a form like ����� �� ��	
�� An 

exponential growth rate is mostly represented by a function in a form like ����� �� 
�
�

���

���� example: In an exponential world where the information is doubling every year, 5 

exponential years would equal to 2
5

 or 32 linear years which has a massive impact on 

the management of professional knowledge.  In reality, we estimate that knowledge 

development in healthcare, which has doubled every century until 1900, is now 

estimated to double every 18 months. And the pace is getting faster. This means that 

when nurses finish their education, the knowledge they gained might be already 

outdated. The traditional way of developing procedures, protocols and care pathways, 

sometimes requiring a year to develop, are outdated when they are finalized and are 
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insufficient to guide future practice. The only way forward is to integrate and embed 

the new knowledge in electronic patient records using algorithms and decision support 

systems so that practice remains aligned with new knowledge and insights. The impact 

might be that best practices can change very quickly and what is viewed as best 

practice before your holiday leave might be different upon your return to work. Making 

the connection between these different dimensions of time will be a key-role of the 

evolving role of the NI specialist.  

A second challenge is that clinical practice in the future will be largely team based. 

The nature of teams will include interprofessional teams, patients and their relatives 

and a wide range of virtual devices (internet of things - IoT) that are all connected. 

Teams will work across boundaries of organizations and will be organized around a 

particular patient. We still have to come up with new labels for naming these temporary 

virtual interprofessional patient teams. Practically it will mean that nurses will be 

(temporary) members of different teams at the same time. This notion of teamwork is 

in contrast with what we normally see as teams organized in organizations, departments 

and units. It will challenge how teams will be managed, led, and evaluated. But it will 

also challenge the communication within teams and the exchange of information.  

3.1 Virtual and connected care 

The delivery of health services virtually is becoming commonplace in many places 

around the globe. Virtual care has been defined as: “any interaction between patients 

and/or members of their circle of care, occurring remotely, using any forms of 

communication or information technologies, with the aim of facilitating or maximizing 

the quality and effectiveness of patient care” [13, p 4]. 

The most common modalities of virtual care are currently in use in telemedicine. 

Telemedicine has been largely used to conduct remote medical consultations, 

assessments and diagnosis (e.g., teledermatology, telestroke, telepsychiatry) through 

the use of computer technology and associated peripheral devices including digital 

cameras, stethoscopes and opthalmoscopes, and diagnostic imaging. More recently, the 

tools of telemedicine have been extended to the provision of remote nursing monitoring 

and assessment particularly for individuals with chronic diseases such as congestive 

heart failure (CHF) and chronic obstructive pulmonary disease (COPD). The nurses 

providing these tele-homecare services are not necessarily informatics specialists but 

the design and management of the monitoring tools, infrastructure and support services 

may be provided by them in the future.  

Another emerging area of nursing informatics practice will likely focus on the use 

of remote monitoring technologies such as sensors and alerts embedded in structures 

(e.g., flooring, lighting, furniture, fixtures) and appliances (e.g., stove, refrigerator) in 

the homes of citizens. These tools offer the promise of supporting seniors to maintain a 

level of independence in their own homes longer, particularly those with cognitive or 

sensory impairments. Such devices might trigger direct messaging to providers, lay and 

professional, flagging potentially harmful situations and affording early intervention as 

necessary.  Different types of sensors (e.g., sleep, activity, falls, ambulation, 

continence, fluid and electrolyte) will also contribute new supplementary data to health 

information repositories, offering the possibility of linking to other data sets and 

provide new insights to the well-being of individuals in the community especially the 

aged and those living with chronic illness. 

With the increasing use of consumer health solutions such as patient portals and 

smartphone apps for self-monitoring and management of health and disease, nurse 
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informatics specialists will likely play a key role in their support and development. 

From the perspective of application design and usability, and training, nursing input 

and informatics expertise will be important to ensure appropriate and safe use of these 

tools. As individuals and their families become more active participants in their care 

through the use of applications and devices to connect with providers, they will likely 

also need expertise and support from the nursing informatics specialist. 

3.2 Knowledge generation and innovation 

The traditional ways of new knowledge generation is through research and the 

dissemination of findings in research journals. Knowledge is consumed by researchers 

and clinicians who transform it into relevant guidelines and care pathways. The time 

between the generation of research findings and application in the real clinical work 

can take several years. It is generally estimated that it takes an average of 17 years for 

research evidence to reach clinical practice [14]. Therefore clinicians are not always 

aware of existing evidence. In a landmark study, McGlynn et al. [15] evaluated the use 

of evidence-based guidelines in 30 conditions and 439 indicators for the use of the 

same. They showed that clinicians (doctors, nurses) only apply 50% of them in their 

daily practice. The use varied from 80% for structured conditions such as cataract to 

10% for unstructured conditions such as alcohol addiction. There is also a lot of 

research demonstrating that nurses lack knowledge related to common procedures. 

Dilles study illustrated [16] that nurses lack sufficient pharmacological knowledge and 

calculation skills. Baccalaureate prepared nurses’ pharmacological knowledge averaged 

between 60% and 65% of the level expected. Segal et al. [17] analyzed the use of hip 

arthroplasty care pathways in 19 Belgian hospitals finding a high variability in 

providing evidence-based interventions. While post-op pain monitoring is in 100% of 

the care pathways, pre-op physiotherapy was only present in 25% of the care pathways. 

In the future of connected health, there will be direct links to knowledge generated 

by specialists from around the world. New knowledge will be automatically integrated 

and embedded into electronic patient records, and include new algorithms for decision 

support systems. It is interesting to note that Hearst Health Network, one of the largest 

media and communication groups in the world, is taking a leading role in healthcare. 

They started an intensive collaboration among strong health knowledge companies 

such as First Databank (FDB), Map of Medicine, Zynx Health and Milliman Care 

Guidelines (MCG). FDB is a United Kingdom company specialized in integrated drug 

knowledge to prescribe medication, follow-up drug interactions, improve clinical 

decision making and patient outcomes.  Map of Medicine was created in the UK for 

clinicians by clinicians. It offers a web-based visual representation of evidence-based 

patient journeys covering 28 medical specialties and 390 pathways. Zynx Health offers 

a similar story from the US to provide evidence-based clinical decision support system 

solutions at the point of care through electronic patient records. MCG produces 

evidence-based clinical guidelines and software and is widely used in the US, UK and 

Middle East. Other examples of health information networks are CPIC (Clinical 

Pharmacogenetics Implementation Consortium) to help clinicians understand how 

available genetic test results could be used to optimize drug therapy, the International 

Cancer Genome Consortium (ICGC) which facilitates data sharing to describe genomic 

sequences in tumor types among research groups all over the world. In the information 

models, such as archetypes and Detailed Clinical Models (see section C chapter 1) offer 

summaries of evidence for specific clinical concepts.  
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Likely one of the most significant areas of focus for nursing informatics specialists 

in the near term is data science and the use of “big data”.  Big data has been defined as: 

“large amounts of data emerging from sensors, novel research techniques, and 

ubiquitous information technologies” [18, p. 478]. Access to big data unveils a whole 

new sphere of informatics opportunities related to health and nursing analytics. 

According to Masys [19], big data is “that which exceeds the capacity of unaided 

human cognition and strains the computer processing units, bandwidth, and storage 

capabilities of modern computers”. The future development of nursing capabilities in 

data science will essentially lead to an entirely new cadre of nursing informatics 

specialists whose work will focus on deriving new nursing knowledge from not only 

electronic health record data, but also the data from sensor and remote monitoring 

technologies, patient portals and mobile apps described above. The implications of -

omics data such as genomics, metabolomics, and proteomics, being included as part of 

the electronic health record in the near future, should be taken into account. Nurse 

informatics specialists will be pivotal in assisting to identify potential ethical and 

practice implications in the use of these data. 

Using big data, the knowledge generating process might be reversed into practice-

based evidence where data from electronic health records, patient portals, sensors etc. 

are uploaded into large databases that identify patterns and clinical interesting 

correlations. An example of the power of analyzing large datasets is the Vioxx-case 

(rofecoxib). Although a clinical trial initially showed no increased risk of adverse 

cardiovascular events for the first 18 months of Vioxx use, a joint analysis of the US 

FDA and Kaiser Permanente’s Healthconnect database of more than 2 million person-

years of follow-up, the NSAID arthritis and pain drug was found shown to have an 

increased risk for heart attacks and sudden cardiac death. [20] After the findings were 

confirmed in a large meta-analysis, Merck decided to withdraw the drug from the 

market worldwide in 2004. 

With the proliferation of these emerging data sources and databases, the nursing 

informatics specialist will play a key role in the use of these data to inform quality and 

safety improvements in every practice setting. 

3.3 Sharing knowledge and communication 

In the realm of the new normal of connected health, nurses will work in temporary 

teams around patients. Within these teams it will be essential that goals are clear and 

shared, that roles are defined and accepted and that the way of working is clear to 

everyone. It requires systems for coordination and communication to ensure the 

continuity of care. Reid et al. [21] defined continuity of care as: "how one patient 

experiences care over time as coherent and linked; this is the result of good 

information flow, good interpersonal skills, and good coordination of care". They 

make a distinction between information continuity, relational continuity and 

management continuity. Information continuity consists on one hand in the exchange 

and transfer of information among health care providers and to patients and on the 

other hand how the knowledge of the patient is accumulated. It is about their specific 

knowledge, preferences, expectations, social network. With the existence of the new 

technology of the quantified self, it is important that these new data are effectively 

integrated and connected. Relational continuity consists of the trusted relationship 

between patient and healthcare provider. Increasingly advanced practice nurses are 

assuming this pivotal role within the health team. Management continuity is referring 

to a consistent and coherent approach to the health problem across organizations and 
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boundaries. The Belgian healthcare system offers an interesting example of this: 

General Practitioners are stimulated (financially) to prescribe generic drugs. Hospitals 

are stimulated to negotiate discounts with pharmaceutical companies leading to brand 

named drug choices. Although they might chemically be identical, for the patient they 

often are not as they have different names. Like drugs may be different in size and 

color leading to more medication errors as patients may take two pills without being 

aware that they are the same drug.  

Although nurses spend a lot of time documenting care, the accuracy of nursing 

documentation has been found to be poor. In a study within 10 Dutch hospitals, Paans 

et al. [22] found that within 341 patient records the accuracy of documentation of 

diagnoses was poor or moderate in 76% of the records. The accuracy of the 

intervention documentation was poor or moderate in 95% of the patient records. Only 

the accuracy for admission, progress notes and outcomes evaluation and the legibility 

were acceptable. The work of Connected Health should support the documentation 

systems of nurses and other health professionals. The use of structured documentation 

methodologies and standardized terminologies should improve the quality of the 

patient record and improve the capacity for comparability of care processes and 

outcomes across the care continuum and within patient care groups. 

3.4 Impact of connected health on the Scope of Practice of Nurses and Advanced 

Practice Nurses (APN) 

In Connected Health, the scope of practice of nurses will change. For example, based 

on time and motion studies, it has been shown that nurses spend 5-7% of their time [23, 

24] collecting vital sign data. In the future this work will be assimilated by sensors and 

other devices. However, nurses’ work will be more focused on analyzing the data and 

evaluating thresholds for action (e.g., alerting rapid response teams). Another example 

is the use of sensors for pressure ulcer monitoring [25]. The used sensors will provide 

information about patient temperature, skin humidity, pressure points and position. 

These data will generate a whole new set of information for review and action 

including pressure intensity map and humidity intensity maps. These data would lead to 

more precise management of pressure sores. Other examples of data gathering that will 

change the focus and processes of nurses’ work include: barcode scanning for checking 

identity of patients, patient and device tracking systems, and robotic dispensing of 

medication. 

Patient access to their own records and partnering in their own health will change 

the roles of physicians, nurses and hospitals drastically. The work of nurses will 

increasingly shift from a direct care provision to the role of knowledge broker in 

helping patients to understand care alternatives, manage their health, and navigate 

information access.  

4. Impact of connected health on the evolving role of the Nursing Informatics 

Specialist 

Connected health will alter the future role of the nursing informatics specialist and 

require a new set of competencies. To a large extent these competencies will build 

upon existing competencies but have an increasing emphasis on information use rather 

than technology use. Table 1 provides a summary of the anticipated new competencies 
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and role responsibilities that are likely to be necessary for Nursing Informatics 

Specialists in the emerging world of connected health and the IoT. 

 

Table 1. New competencies related to the future role of nursing informatics specialists 

New Competencies New Roles 

Knowledge Innovation and 

Generation 

• Provide guidance and support to others (nurses, patients) in the 

application and use of emerging knowledge (e.g., clinical decision 

support, Practice-Based Evidence (PBE), genomics, expert and 

patient/citizen knowledge) 

• Inform-teach others (clinicians, teams, patients) about new 

knowledge and knowledge innovations relevant to specific 

situations 

• Provide direction and support to others in the use of international 

guidelines and knowledge 

• Contribute internationally to new knowledge generation and 

innovations ensuring the inclusion of relevant team member and 

patient perspectives and expertise 

Monitoring the use of new 

technology 

• Monitor and maintain vigilance over data/technologies to identify 

those that add value to a given health situation. 

• Recognize that nurses, other clinicians and patients may engage and 

assume responsibility independently and or interdependently for 

specific data (e.g., remote monitoring, self-monitoring, wearables, 

appliances). 

• Recognize the emergence of patient self-service and relevance of 

patient expertise in specific situations. 

Value judgement & quality 

assessment 

• Provide guidance as to the value and relevance of specific data and 

information as derived from single or multiple sources for any given 

set of circumstances, or health situations. 

Change Management • Identify the broader scope and considerations for change 

management in the context of connected health (e.g., virtual and 

physical participants/partners) 

• Recognize the extended complexities of technology adoption in the 

context of connected health. 

Communication & 

Documentation 

With increasingly complex and personalized approaches to health care, 

participate in the identification and/or development of new: 

• models of clinical documentation  

• methods of communication  

• data standards 

• terminology standards 

• data sources 

• data models 

• data repositories 

Data Analytics In addition to traditional quantitative and qualitative analyses, support  

and participate in the development and use of new approaches and 

methods of data analytics for: 

• knowledge generation (e.g., natural language processing, 

experiential data) 

• reporting outcomes 

• demonstrations of value (e.g., patient-caregiver perspectives, health 

and financial outcomes) 

• predictive and retrospective analyses 
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5.  Conclusion 

The future Nursing Informatics Specialist will function in the context of virtual care 

delivery, be informed by data aggregated from a multiplicity of sources and real-time 

knowledge generation that will inform individualized care. In addition to the 

competencies required to date, they will be required to support other clinicians and 

patients and families as they assume new roles and use data analytics to interpret and 

appropriately apply new knowledge. With the IoT, connected care will pose as yet 

unknown challenges for the Nursing Informatics Specialist in the future; what is certain 

is that the role will continue to evolve from the role scope and responsibilities known 

today. 
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Abstract. Nursing informatics competencies are constantly changing in response 
to advances in the health information technology (HIT) industry and research 
emerging from the fields of nursing and health informatics. In this paper we build 
off the work of Staggers and colleagues in defining nursing informatics 
competencies at five levels: the beginning nurse, the experienced nurse, the 
nursing informatics specialist, the nursing informatics innovator and the nursing 
informatics researcher in the area of HIT safety. The work represents a significant 
contribution to the literature in the area of nursing informatics competency 
development as it extends nursing informatics competencies to include those 
focused on the area of technology-induced errors and HIT safety. 

Keywords. Technology induced error, health information technology, safety, 
patient safety, nursing, competencies, nursing informatics 

1. Introduction 

Nursing informatics competencies are one of the most important types of competencies 
in a modernized health care system where the use of electronic health records, clinical 
documentation systems, telehealth systems and patient portals in the hospital, home and 
community are the norm. With the introduction of these technologies we have had a 
significant reduction in the number of medical errors. We have also seen the 
introduction of a new type of medical error (i.e. the technology-induced error) [1,2]. In 
this paper we outline a framework for introducing the topic of technology-induced 
errors and patient safety competencies involving health information technologies (HIT) 
into nursing curricula. Patient Safety was addressed earlier as a relevant topic for 
nursing during the 2003 Nursing Informatics post-conference, addressing the more 
general aspects of safe healthcare [3]. The competency work described here builds off 
Staggers and colleagues’ framework in defining nursing informatics competencies for 
beginning nurses, experienced nurses, informatics specialists, informatics innovators, 
and nursing informatics researchers [4]. This work represents a significant contribution 
to the literature in the area of nursing informatics competency development as it 
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extends these competencies to include those focused on technology-induced errors and 
HIT safety and includes those of a nursing informatics researcher. 

2. Review of the Literature 

2.1 Technology-induced Errors and Health Information Technology Safety 

Technology-induced errors have emerged as a significant patient safety issue over the 
past decade. Technology-induced errors can be defined as errors that emerge from the 
complex interaction between individuals and technologies during real world work 
activities. They also include those errors that arise from the technology itself [1,2]. The 
root causes of these types of errors are many (see Figure 1) [6]. Some of them originate 
at the government level with changes in policy and legislation that are not mirrored in 
the technology used by clinicians. A lack of fit between policy, legislation and 
technology may lead to an error. For example, if there are differences between policies 
and procedures enacted by a technology and government policy or legislation, a 
technology-induced error may occur. If the model healthcare organization on which 
technology developers develop their technology has errors associated with its processes, 
those errors may be present in the technology, when it is implemented in another 
organization. This is especially the case when the model terminologies, workflows, 
policies and procedures found in the technology differ from those in the organization, 
where the technology will be implemented. Vendor organizations may also introduce 
new types of errors. Poor programming, requirements gathering, design and software 
testing may cause technology-induced errors at point of care (see Figure below). Local 
healthcare organizations may also be a source of technology-induced error. For 
example, mismatches between technology developed by the vendor and local 
organizational terminologies, workflow, policy and procedures and devices may lead to 
technology-induced errors. Also, local organizational customization of the technology 
to the local setting and poor organizational testing of these new customizations for 
error inducing properties may lead to a technology-induced error. Lastly, training and 
support, if insufficient, could lead to clinicians making such errors (see right side of 
Figure 1) [6]. 

Technology-induced errors have a number of origins in a health care system [6]. 
Today, researchers suggest that technology-induced errors range in frequency from 10-
30 percent in organizations, regions and countries where there is a very high use of 
technology by health professionals [7]. In countries where there is use of hybrid paper-
electronic patient care technologies these errors are much lower [8]. However, these 
errors are expected to increase as HIT becomes more widely used and deployed [9]. 
Over the past several years’ researchers have documented the occurrence of these types 

of errors [1], reported on the types of errors that have arisen [7, 8], investigated the 
nature of their occurrence [1, 6-9], developed methods that can be used to evaluate the 
safety of technology [10], investigated/identified the root causes, and the role that 
technology has in leading to such errors [6]. In addition to this, researchers have 
identified and developed vendor and organizational strategies that can be used to 
mitigate technology-induced errors [10]. 
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Figure 1. Root Causes of Error [see 6] 

 

2.2 Nursing Informatics Competencies 

Nursing informatics competencies remain an important aspect of nursing practice and 
investigation in nursing research. Over the past several years, researchers have 
developed nursing informatics competencies, evaluated their acquisition in response to 
educational interventions aimed at nurses, and described how these competencies can 
be extended among student and practicing nurses in health care organizations and 
across regional health authorities [12]. Even as nursing informatics competencies are 
being developed and incorporated into nursing curricula internationally, there is a need 
to extend these competencies to include new and emerging areas of health informatics 
practice, education and research and to reflect these changes in nursing informatics 
competency documents [13]. For example, technology-induced errors have emerged as 
a significant patient safety issue with the publication of the Institute of Medicine 
Report on HIT and Patient Safety [14] and the report on Diagnostic Error in Health 
Care [14], which not only outline how technology safety has become a significant 
public health issue, but how technology influences diagnostic error [15-17]. As well, 
there is recognition among the nursing informatics practice community that there is a 
need to extend nurses’ knowledge about technology-induced errors to support the 
development and implementation of safer HIT [16]. Research by Saratan and 
colleagues [16] identifies that nursing informatics competencies need to be extended to 
include those that are specific to HIT safety. In a survey study of nursing informatics 
practitioners in British Columbia, Canada participants reported the need to add HIT 
safety competencies to already established nursing informatics competencies [16]. 
However, future nursing informatics competencies surrounding technology-induced 
errors and HIT safety need to be more fully defined at the undergraduate level and 
extended to the graduate level to include masters and doctorally prepared nurses in 
informatics.  
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In summary, with the advent of new findings arising from the health informatics 
literature and policy reports on technology safety, there is a need to acknowledge the 
relevance and importance of extending nursing informatics competencies to reflect 
these changes so that nurses who are practicing at point of care, expert nurse leaders, 
nursing informatics specialists and nursing informatics leaders develop these new 
competencies in the area of HIT safety. 

3. Methods 

There exist a number of nursing informatics competency frameworks. Staggers et al’s 

[4] work in the area of nursing informatics competencies remains among the most cited 
of these works. Employing a modified version of Stagger’s work as a fundamental 
framework, the researchers used this framework and extended it to include nursing 
informatics competencies with a focus on technology-induced errors and HIT safety. 
Using a modified version of Stagger’s framework of nursing informatics practice, that 
of beginning nurses, experienced nurses, nursing informatics specialists, informatics 
innovators, and researchers, the authors of this work extended the reviewed literature 
on technology safety to the development of nursing informatics competencies at five 
levels to include competencies discussed in the HIT safety literature (See Table 1) [6].  

4. Results 

In this paper we were able to show that competencies can be developed for nurses that 
are specific to addressing and managing technology-induced errors and ensuring the 
safety of HIT. Current research regarding knowledge and skills aimed at reducing 
technology-induced errors and improving technology safety suggests that nursing 
informatics competencies at all of Stagger’s [4] four levels are present with a focus on 
technology-induced errors and HIT safety (see Table 1). Nurses working at the point of 
care have an important role in ensuring that technology-induced errors are reduced by 
monitoring and reporting on these technology issues (see Table 1, Beginning and 
Experienced nurses) [7,17,18]. Nurses with graduate preparation can use their 
knowledge to develop safer software, test software for safety as well as implement 
these technologies in a safe manner. This work also includes educating point of care 
nurses about these types of errors and participating in the reporting processes around 
the technology as it is being implemented. Additionally, this may involve ensuring HIT 
training and supports are sufficient so that nurses can use the technology without 
introducing technology-induced errors (see Table 1, Nursing Informatics Specialists). 
Nurse innovators can contribute to this area of nursing informatics by developing and 
extending new software development approaches, methods and technologies that make 
health care safer (see Table 1, Informatics Innovators). Finally, nursing informatics 
researchers can study the factors or develop new research methods that can be used to 
enable the development of safe HIT, thereby further developing the nursing informatics 
research evidence base (see Table 1, Nursing Informatics Researchers). 
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Table 1. Mapping of Safety Competencies to Nursing Informatics Competencies 

Level of 
Nursing 

Nursing Informatics 
Competencies based on Level 

of Nursing 

Health Information Technology Safety 
Competencies based on Level of Nursing 

Beginning 
nurses 

� Fundamental computer 
technology and 
information management 
skills 

� Use available information 
and information systems 
to manage their practice 

� Defines a technology-induced error. 
� Identifies a near miss and observed technology-

induced errors at point of care 
� Verbalizes how near misses and technology-

induced errors may cause harm to patients and 
describes their impact upon patient safety 

� Reports near misses and technology-induced 
errors to regulatory bodies and to organizations 
where they work 

� Reviews safety alerts and incorporates suggested 
changes into their practice. 

 
Experienced 
nurses 

� Proficiency in their 
domain of practice 

� High computer 
technology and 
information management 
skills in their domain of 
practice 

� See data elements, trends 
in the relationships 
between data elements, 
see trends and patterns in 
the data 

� Collaborate with nursing 
informatics specialists 

� Identifies near misses and observed technology-
induced errors in their domain of practice. 

� Identifies technology-induced errors associated 
with data elements and their relationships at a 
unit, organizational or systems level. 

� Collaborates with nursing informatics specialists 
to remediate and rectify technology-induced 
errors with point of care staff 

� Educates point of care staff about how to prevent 
and incorporate changes to practice to prevent 
technology-induced errors 

 
Nursing 
informatics 
specialists 

 
� Graduate prepared nurses 

who have additional 
specialized knowledge 
about health informatics 

� Use “use critical thinking, 

process skills, data 
management skills, 
systems development life 
cycle knowledge and 
computer skills” 

 
� Analyzes and evaluates technology-oriented 

incident reports for the presence of technology-
induced errors (including how technology might 
have contributed) to near misses and observed 
errors. 

� Investigates technology-induced errors. 
� Applies error management investigation methods 

to understand how a technology-induced errors 
occur including the use of root cause analysis, 
case study analysis, safety heuristics, usability 
testing, clinical simulations, and computer based 
simulations 

� Develops technology, organizational and nursing 
practice strategies changes to prevent near misses 
and actual technology-induced errors. 

� Reports and works with vendors and health care 
organizations to address these types of errors 

� Educates health professionals and health 
information management professionals about risk 
mitigation and risk management techniques 

� Uses these techniques to prevent technology-
induced errors 

 
Nursing 
informatics 
innovators 
 

 
� Conduct informatics 

research and generate 
informatics theory 

 
� Develops new incident reporting methods for 

technology-induced errors 
� Analyzes data to identify new types of errors and 

develops classification systems for technology-
induced errors 
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Level of 
Nursing 

Nursing Informatics 
Competencies based on Level 

of Nursing 

Health Information Technology Safety 
Competencies based on Level of Nursing 

� Develops methods for testing software and 
hardware to ensure the safety 

� Develops error investigation methods 
� Develops safety software and hardware 
� Develops methods that can be used to mitigate 

technology-induced errors 
� Develops policy, organizational strategies and 

vendor strategies that can be used to prevent 
technology-induced errors 

� Builds a nursing informatics evidence base for 
safe HIT. 
 

Nursing 
informatics 
researchers 

 � Studies the factors that enable safe HIT 
development 

� Develops new research methods that can be used 
to study the safety of HIT 

� Extends the evidence-based research in nursing 
informatics. 

5. Conclusions 

It is clear that beginning and expert nurses are critical to ensuring technology is safe for 
use in the process of patient care as their role in identifying and reporting such errors is 
significant. The involvement of nursing informatics specialists in designing, developing 
and implementing software is fundamental. Nursing informatics specialists are 
responsible for employing the current knowledge base about creating, testing and 
implementing safe technologies. They also use the information provided by beginning 
and expert nurses to inform their work. Lastly, nursing informatics innovators, in the 
context, of a new field of study, focus on technology-induced errors and safety to 
develop new monitoring methods, design and development methodologies, and testing 
approaches (in addition to educating beginning, expert and informatics specialist 
nurses). Finally, nursing informatics research can build an evidence base to underpin 
such HIT safety research. However, simply developing competencies does not provide 
the skills to support identification and reporting of errors. Therefore, it is important that 
error reporting systems are developed and beginning level nurses are provided with 
training in the use of these systems. Again, as per the revised framework, identification 
and reporting of near misses is an important skill as is recognizing the need to follow 
up on reported errors or near misses. 
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1. Introduction 

Every nurse has a role working with informatics in healthcare as more aspects of care 

delivery are facilitated with technology. This chapter focuses on continuing education 

for the topics of informatics and information management for practicing nurses and 

informatics nurses, as well as certification for informatics nurses.  

Continuing education related to informatics is vital for every level of nurse from 

the nurse practicing at the bedside, clinic or home - to administrators, educators and 

researchers. Opportunities for continuing education will be discussed. 

Some informatics nurses choose to attain a professional milestone by seeking 

certification in nursing or healthcare informatics. The informatics nurse may look to 

certification as a way to validate knowledge and skills needed in order to deliver 

quality care and promote professional practice. 

2. Continuing Education Opportunities in Nursing Informatics 

Statistics are scarce regarding the extent of nurses who take advantage of nursing 

informatics continuing education. A 2010 publication [1] discussed the incidence of 

continuing education among registered nurses in the U.S. in 2000. Twenty one percent 

(21%) of the respondents reported continuing education in informatics the year prior to 

the survey. The authors surmised that the use of the internet would probably increase 

those numbers. They discussed some opportunities to increase the rates. Their data was 

derived from the National Sample Survey of Registered Nurses (NSSRN) which was 

discontinued in 2012. 
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The American Nurses Association (ANA) Scope and Standards of Practice: 

Nursing Informatics [2] supports lifelong learning in informatics. The standards of 

nursing informatics practice for education and leadership both promote lifelong 

learning. One way to attain education to promote lifelong learning is through 

continuing education (CE) courses. CE is usually needed to maintain certification or 

maintain nursing licensure. 

There are numerous opportunities for continuing education in nursing informatics 

(NI). Although thirty-two (64%) states in the U.S. have mandatory continuing 

education for re-licensure [3], there are few requirements for informatics outside of 

health information privacy and security training. Most organizations require training to 

be proficient in the use of the facility electronic health record or electronic medical 

record. 

A good way to find continuing education on informatics for nurses is to use an 

online search engine to explore the World Wide Web. A sample search could include, 

“nursing informatics continuing education.” Nurses who do not have the money, 

finances or time to attend in person events can find online courses. Online courses may 

also support the learners learning style. Many continuing education opportunities are 

paid events, but some are free or low cost.  

A variety of organizations offer continuing education for members often at no 

additional charge other than the membership fee. These organizations include the 

Healthcare Information and Management Systems Society (HIMSS) (www.himss.org) 

[4]; the American Medical Informatics Association (AMIA) (www.amia.org) [5], the 

American Nursing Informatics Association (ANIA) (www.ANIA.org) [6], the 

University of Maryland Summer Institute in Nursing Informatics (SINI) 

(http://www.nursing.umaryland.edu/sini/) [7], and the International Medical 

Informatics Association (www.IMIA.org) [8] with MedInfo and the International 

Congress in Nursing Informatics.  

Specialty nursing organizations are beginning to interweave nursing informatics 

into their conferences and in webinars. The Association of periOperative Nurses 

(www.AORN.org) [9] is an example of an organization committed to continuing 

education and includes informatics content. Check with your specialty organization to 

see if continuing education in nursing informatics is offered. 

There are stand-alone courses for nursing informatics like the Nursing Informatics 

Boot Camp (https://branded.me/susan-newbold) [10] and OnCourseLearning 

(http://www.nurse.com/focusedceseries) [11]. The Nursing Informatics Boot Camp is 

an intensive two day in person course which focuses on current informatics trends and 

issues in health. It includes content for nurses interested in becoming certified 

informatics nurses. It is held in various locations, primarily in the U.S.  

The OnCourse Learning Nursing Informatics Certification Review Focused CE 

Series is a comprehensive learning experience that provides an extensive review of the 

nursing informatics board certification exam. In this six week web-based course, 

participants learn key concepts of NI including design, maintenance and support. Also, 

they discover how quality improvement is vital to patient and staff satisfaction from 

experts in the NI field. 

PearlsReview overs a low cost, self paced, web based NI certification review 

course (http://www.pearlsreview.com/Informatics-Nursing-(RN-BC)) [12]. A Wolters 

Kluwer Journal – CIN: Computers Informatics Nursing 

(http://journals.lww.com/cinjournal/) [13] has occasional paid ANCC continuing 

education articles including a brief examination. See also 
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http://nursing.ceconnection.com/default [14] to browse other continuing education by 

Wolters Kluwer. 

3. Certification in Nursing and Healthcare Informatics 

In the United States (U.S.), the American Nurses Credentialing Center (ANCC), a 

subsidiary of the American Nurses Association, offers Registered Nurse Board 

Certified credentials (RN-BC) for nursing informatics professionals who pass a 

computer-based examination. To qualify for board certification, individuals must be 

registered nurses with a U.S. license who have completed a baccalaureate degree as 

well as at least 30 hours of continuing education in nursing informatics within the last 

three years. There is a newly announced option for international nurses to become 

certified by the ANCC. The ANCC certification is valid for five years, and the nurse is 

required to complete professional development courses with a minimum of 75 contact 

hours and one or more of the eight renewal categories with 1000 practice hours or retake the 

examination in order to renew. For further information on the ANCC certification, see 

http://nursecredentialing.org/InformaticsNursing [15].  

Certification in nursing informatics has been available since 1995 with 1837 nurses 

certified by the ANCC as of December 31, 2015 

(http://www.nursecredentialing.org/Certification/FacultyEducators/FacultyCategory/Sta

tistics/2015-CertificationStatistics.pdf) [16]. In addition to certification, an Informatics 

Nurse can seek a certificate, master’s degree, post master’s degree, doctorate of nursing 

practice (DNP), or doctor of philosophy (PhD) in Nursing Informatics. The ANCC 

certification is the most prevalent certification for informatics nurses, but others are 

available and viable. See Table 1 for a list of Potential Certifications for the Informatics 

Nurse. Nurses can be certified by The American Health Information Management 

Association (AHIMA), the ANCC, AMIA, Healthcare Information and Management 

Systems Society (HIMSS), Health IT Certification, LLC, the National Association for 

Healthcare Quality or the Project Management Institute (PMI). 

4. Continuing Education and Certification in Development  

The publishers of the free Online Journal of Nursing Informatics 

(http://www.himss.org/ojni) are currently exploring the possibility of offering CE 

credit. This could be another source of free or low cost continuing education in 

informatics. 

The United States Government contracted with seven universities to update health 

information technology education previously offered by community colleges called the 

National Health IT Workforce Curriculum. In addition, new content has been added in 

the areas of population health, care coordination and interoperable health IT systems, 

value-based care, patient-centered care, and healthcare data analytics. Updated 

materials and newly developed materials will be available June 2017 at 

https://www.healthit.gov/providers-professionals/workforce-development-programs. 

This content is offered by five universities and two colleges at no charge and offers a 

certificate of completion.  
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Table 1. Potential Certifications for the Informatics Nurse 

Certification & Reference Requirements Topics Cost

American Nurses 

Credentialing Center 

(ANCC) Nursing 

Informatics 

 

http://nursecredentialing.org/

InformaticsNursing 

 

• RN License 

Hold a current, active RN license in a state or 

territory of the United States or hold the 

professional, legally recognized equivalent in 

another country. 

 

• Apply from Outside the U.S. 

Additional requirements for candidates outside 

the U.S. 

 

• Master’s, Postgraduate, or Doctoral 

Degree 

Hold a bachelor's or higher degree in nursing or 

a bachelor's degree in a relevant field. 

 

Have practiced the equivalent of 2 years full-

time as a registered nurse. 

 

Have completed 30 hours of continuing 

education in informatics nursing within the last 

3 years. 

 

Meet one of the following practice hour 

requirements:  

• Have practiced a minimum of 2,000 hours 

in informatics nursing within the last 3 

years. 

• Have practiced a minimum of 1,000 hours 

in informatics nursing in the last 3 years 

and completed a minimum of 12 semester 

hours of academic credit in informatics 

For full outline see 

http://www.nursecredentialing.org/Informatics-

TCO2014 

 

I. Foundations of Practice (47.33% or 71 questions) 

A. Professional Practice  

B. Models and Theories  

C. Rules, Regulations, and Requirements 

 

II. System Design Life Cycle (26.00% or 39 

questions)  

A. Planning and Analysis  

B. Designing and Building  

C. Implementing and Testing  

D. Evaluating, Maintaining, and 

Supporting  

 

III. Data Management and Health Care Technology 

(26.67% or 40 questions)  

A. Data Standards  

B. Data Management  

C. Data Transformation  

D. Hardware, Software, and Peripherals  

 

• $270 Member American Nurses 

Association 

• $395 non member 

 

• Valid 5 years then recertification 
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Certification & Reference Requirements Topics Cost

courses that are part of a graduate-level 

informatics nursing program. 

• Have completed a graduate program in 

informatics nursing containing a minimum 

of 200 hours of faculty-supervised 

practicum in informatics nursing.  

Healthcare Information and 

Management Systems 

Society (HIMSS) 

 

Certified Associate in 

Healthcare Information and 

Management Systems 

(CAHIMS) 

 

http://www.himss.org/health

-it-certification/cahims 

High School Diploma or equivalent I. General 

 Organizational Environment 

 Technology Environment 

II. Healthcare Information and Systems 

Management 

 Analysis 

 Design 

Selection, Implementation, Support, and 

Maintenance 

 Testing and Evaluation 

 Privacy and Security 

III. Administration 

 Leadership Support 

 Management Support 

 

HIMSS Individual Organizational 

Affiliate Member $140 U.S. 

 

HIMSS Regular, Corporate or 

Student Member $175 U.S. 

 

Non-Member $225 U.S. 

Healthcare Information and 

Management Systems 

Society (HIMSS) 

 

Certified Professional in 

Healthcare Information and 

Management Systems 

(CPHIMS) 

 

 

http://www.himss.org/health

-it-certification/cphims 

Eligibility for the CPHIMS Examination 

requires fulfilling one (1) of the following 

requirements: 

• Baccalaureate degree from an accredited 

college or university plus five (5) years of 

information and management systems 

experience, three (3) of those years in a 

healthcare setting. 

• Graduate degree or higher from an accredited 

college or university plus three (3) years of 

information and management systems 

experience, two (2) of those years in a 

healthcare setting 

I. General 

 Organizational Environment 

 Technology Environment 

II. Healthcare Information and Systems 

Management 

 Analysis 

 Design 

  Selection, Implementation, Support, and 

Maintenance 

 Testing and Evaluation 

 Privacy and Security 

III. Administration 

 Leadership Support 

HIMSS Individual Organizational 

Affiliate Member $270 U.S. 

 

HIMSS Regular, Corporate or 

Student Member $300 U.S. 

 

Non-Member $375 U.S. 

S.K
.N

ew
bold

/W
hatP

racticing
N

urses
N

eed
to

K
now

A
boutH

ealth
Inform

ation
Technology

233



Certification & Reference Requirements Topics Cost

 Management Support 

    

Project Management 

Institute (PMI) 

 

Project Management 

Certifications   

 

Project Management 

Professional (PMP®) 

 

http://www.pmi.org/Certific

ation/Project-Management-

Professional-PMP.aspx 

Prerequisite Skills: 

• Four-year degree, 4,500 hours in leading and 

directing projects, and 35 hours of project 

management education 

OR 

• Secondary degree (high school diploma, 

associate's degree, or equivalent), 7,500 hours 

leading and directing projects, and 35 hours of 

project management education 

 

 

Exam Content Outline ©2015 

 

Domain 

Percentage of Items on Test 

 

I. Initiating 13% 

II. Planning 24% 

III Executing 31% 

IV. Monitoring and Controlling 25% 

V. Closing 7% 

 

  Total 100%

Computer-based exams: 

PMI member: $405 USD (retake $275) 

Non-PMI member: $555 USD (retake $375)

 

Paper-based exams: 

PMI member: $250 USD (retake $150) 

Non-PMI member: $400 USD (retake $300)

    

    

Health IT Certification, LLC 

 

http://www.healthitcertificati

on.com/overview.html  

 

Certified Professional in 

Health Information 

Technology (CPHIT) 

 

Certified Professional in 

Electronic Health Records 

(CPEHR) 

 

Certified Professional in 

Health Information 

Exchange (CPHIE) 

 

No specific educational or experiential 

requirements for taking the CPHIT, CPEHR, 

CPHIE or CPORA certification examinations. 

It is recommended that individuals either have 

healthcare experience with plans to participate 

in health information technology (HIT), 

electronic health record (EHR), health 

information exchange (HIE) and/or operating 

rules administration (ORA) acquisition/ 

implementation, use, and operations; or have 

information system experience with the intent 

of assisting healthcare organizations acquire 

and deploy an HIT, EHR, HIE or ORA. 

Core Curricula for all exams: 

C-I. Overview of Health IT 

A. Flow and Nature of Data in the Health Care 

Delivery System  

B. Definition of Terms  

C. Conceptual Models of HIT, EHR, e-Rx, 

Administrative Simplification, and HIE  

D. Current Status of Adoption of EHR, personal 

health records (PHR), Transactions, and HIE 

in Various Health-related Settings 

C-II. Legal and Regulatory Aspects of Health IT 

A. Sources of Law and Standards  

B. Legal and Evidentiary Aspects  

C. Authentication  

D. Ethical Aspects of Health IT 

C-III. Goal Setting & Change Management for 

Health IT 

Each examination $495 

 

Two and a half day Curriculum Training 

Only for CPHIT, CPEHR, and CPHIE: 

$1,495 

 

Two day Curriculum Training Only for 

CPORA: $1,095 
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Certification & Reference Requirements Topics Cost

Certified Professional in 

Operating Rules 

Administration (CPORA) 

A. Strategic Planning/Migration Path  

B. Visioning and Readiness Assessment  

C. Goal Setting  

D. Change Management Principles and 

Strategies 

C-IV. Workflow & Process Improvement for Health 

IT 

A. Workflow and Process Improvement for 

Clinical Transformation  

B. Workflow and Process Management  

C. Workflow and Process Analysis  

D. Workflow and Process Redesign  

E. Complementary Techniques to Support 

Workflow and Process Improvement 

 

Additional curricula depending upon the 

examination. 

    

National Association for 

Healthcare Quality (NAHQ) 

 

Certified Professional in 

Healthcare Quality® 

(CPHQ) 

 

http://www.nahq.org/certify/

content/index.html 

 

 

 

Self-assess readiness to take the examination. 

Two years of experience suggested. 

1. Quality Leadership and Structure (20 Items) 

A. Leadership 

B. Structure 

2. Information Management (25 Items) 

A. Design and Data Collection 

B. Measurement and Analysis 

3. Performance Measurement and Process 

Improvement (52 Items) 

A. Planning 

B. Implementation and Evaluation 

C. Education and Training 

D. Communication 

4. Patient Safety (28 Items) 

A. Assessment and Planning 

B. Implementation and Evaluation 

NAHQ Member: $399  

Nonmember: $469 
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Certification & Reference Requirements Topics Cost

 

The American Health 

Information Management 

Association (AHIMA) 

 

Registered Health 

Information Administrator 

(RHIA®) 

 

http://www.ahima.org/certifi

cation/RHIA 

 

 

RHIA applicants must meet one of the following 

eligibility requirements: 

Successfully complete the academic 

requirements, at the baccalaureate level, of an 

HIM program accredited by the Commission on 

Accreditation for Health Informatics and 

Information Management Education (CAHIIM). 

OR •Graduate from an HIM program approved 

by a foreign association with which AHIMA has 

a reciprocity agreement.² 

The academic qualifications of each 

candidate will be verified before a candidate is 

deemed eligible to take the examination. All 

first-time applicants must submit an official 

transcript from their college or university. 

1. Data Content, Structure & Standards 

(Information Governance) (18–22%) 

2. Information Protection: Access, Disclosure, 

Archival, Privacy & Security (23–27%) 

3. Informatics, Analytics & Data Use (22–26%) 

4. Revenue Management (12–16%) 

5. Leadership (12–16%) 

$299 for members

    

The American Health 

Information Management 

Association (AHIMA) 

Certified Healthcare 

Technology Specialist 

(CHTS) Exams 

http://www.ahima.org/certifi

cation/chts 

Six focus areas: 

1. Clinician/Practitioner 

Consultant (CHTS-CP) 

2. Practice Workflow and 

Information Management 

Redesign Specialist 

(CHTS-PW) 

3. Implementation Manager 

None required. See the candidate guide for the specific exam 

blueprint for the examination in question.  

 

http://www.ahima.org/~/media/AHIMA/Files/Certif

ication/CHTS%20Candidate%20Guide.ashx 

 

 

$299 each examination
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Certification & Reference Requirements Topics Cost

(CHTS-IM) 

4. Implementation Support 

Specialist (CHTS-IS) 

5. Technical/Software 

Support Staff (CHTS-TS) 

6.Trainer (CHTS-TR) 

http://www.ahima.org/certifi

cation/chts 

    

American Medical 

Informatics Association, 

www.amia.org 

Advanced Health 

Informatics Certification 

(AHIC)  

[In development November 

2016]  

1) Practice focus on information and knowledge 

problems that directly impact the practice of 

healthcare, public health, and personal health, 

2) Education in primary health fields and health 

informatics at the graduate level, and, 3) 

Significant experience in health informatics 

establishing an advanced level of real-world 

accomplishment. 

In development November 2016. In development November 2016.
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AMIA is developing an Advanced Health Informatics Certification (AHIC) 

(https://www.amia.org/advanced-health-informatics-certification) which is thought to 

include nurses for an advanced level certification not offered by the ANCC. According 

to AMIA, the certification is intended for informatics professionals representing the 

spectrum of primary disciplines. Eligibility requirements include a practice focus, 

education, and significant experience in health informatics.  

5. Conclusion  

The ANA Scope and Standards of Practice: Nursing Informatics [2] encourages lifelong 

learning for self and others related to informatics. There are many opportunities for 

nurses for continuing education in healthcare information technology. There are also 

several opportunities for informatics nurses to seek voluntary certification. 
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Informatics Competencies in Connected 

Health: Annotated Bibliography 
William GOOSSENa 1 

aResults 4 Care BV, Amersfoort, the Netherlands 

Abstract. In this book it is of course impossible to be complete on all 
competencies publications, or all relevant subjects. For that reason the Post 
Conference Team decided to have some pages of the book reserved for annotations. 
An annotation is seen as a short reference to another topic or publication, not 
included in this book, and a brief motivation from one of us, why this might be of 
interest to the readers.   

Keywords.  Informatics, Competencies, Technology, Education, eHealth, 
Connected Health, Nursing, Annotated Bibliography 

1. Introduction 

During the discussions in the NI2016 post-conference the group came up with several 
suggestions for additional subjects to be included. However, once a specific theme is 
chosen, and all authors have contributed their work, it is has become too difficult to 
change it. And, in which direction would it have to be changed? There are so many 
options available. It is simply impossible to be 100% complete on the current health 
informatics topics, and given the targets for the post-conference to focus on connected 
health, some topics are simply out of scope.  

In addition, due to the focus on the practicing nurse, and on nurse teachers and 
leadership who would facilitate the practicing nurses, this book could not include much 
for the nurse informaticians. In the past nursing informatics education was identified on 
four levels: level 1: the practicing nurse, level 2: advanced professional roles such as 
teaching, managing, advanced nursing practice, research, level 3: nurse informatics 
specialist and level 4: the PhD prepared nurse informatics researcher (1). In the context 
of this typology only levels 1 and 2 have been addressed, so not all competencies 
publications could be included. 

For these reasons the Post Conference Team decided to have some pages of the 
book reserved for annotations. An annotation is seen as a short reference to another 
topic or publication, not included in this book, and a brief motivation from one of us, 
why this might be of interest to the readers. This way, it is possible to point to 
interesting new developments and to competencies that could not be included. Each of 
the participants was offered the opportunity to include a key reference.   

                                                           
1 Corresponding author: William Goossen PhD, BSN, director Results 4 Care b.v., 

the Netherlands, email: wgoossen@results4care.nl  

Forecasting Informatics Competencies for Nurses in the Future of Connected Health
J. Murphy et al. (Eds.)
© 2017 IMIA and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms
of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/978-1-61499-738-2-241
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2. Annotated Bibliography, with references  

2.1. Automation: Will it change nurse, nursing, or both? 

Suggested by: Anne Moen, RN, PhD, FACMI: 
Bibliographic data of the annotated reference:  Peplau HE. Automation: Will it 

change nurse, nursing, or both ? Nursing Forum. 1962;34(3):31-6. 
Summary of the content: This paper is among the first publications on automation, 

computers and medical technology for nursing. The paper points out the need for 
proactive leadership and future-oriented education to prepare, participate and embrace 
opportunities following “automation”. Nurses should differentiate between types of 

technologies, acquire competencies to contribute  developing and deploying solutions 
and take advantage of opportunities for transformation practices in line with the 
mission of nursing.   

Reason to recommend this reference: A seminal paper, published 1962, calling for 
nursing leadership and nursing participation, raising a call to explore opportunities, 
prepare, ask questions and participate to prepare in shaping the informatics solutions 
that will support and not change the mission of nursing. We find inspiration and 
encouragement in this seminal paper and it gives a longer-term perspective to the 
nursing informatics community. 

2.2. Nurse - patient relationship 

Suggested by: Michelle Honey RN, PhD  and Paula Procter RN, PhD: 
Bibliographic data of the annotated reference: Nelson R, and Carter-Templeton 

HD .  The Nursing Informatician's Role in Mediating Technology Related Health 
Literacies.  Sermeus W et al (Eds) Nursing Informatics 2016: eHealth for All: entry 
Level Collaboration - From Project to Realization.  IOS Press. 2016 pp 237-241.  ISBN 
978-1-61499-658-3 (online). 

Summary of the content: The paper considers the link between informatics 
competencies that nurses develop within their programs and the digital engagement 
with patients. 

Reason to recommend this reference: Some might argue that the link suggested in 
the paper between the nurse and patient through digital technologies is a little tenuous, 
it does however raise some key points around the role of nurses as we progress further 
into the 21st Century whilst at the same time remaining true to the core values of nurses 
and those in their care. 

2.3. An Introduction to Nursing Informatics 

Suggested by:  Susan K Newbold, PhD RN-BC FAAN FHIMSS 
Bibliographic data of the annotated reference: Houston, S., Dieckhaus, T., 

Kirchner, B., & Rookwood, R. (2015). An Introduction to Nursing Informatics: 
Evolution & Innovation. Chicago: HIMSS Media. 

Summary of the content:  This nursing informatics book was written as a primer 
for the nurse interested in informatics and considering entering the field. Informatics is 
defined and the evolution of nursing informatics is highlighted. The reader is invited to 
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consider a career path in nursing informatics and is treated to a day in the life 
perspective of an educator, student, researcher, clinician, consultant, vendor, and 
government employee.  The appendix includes four case studies and questions – for 
example – Career Options for Nurses working with Informatics.  

Reason to recommend this reference:  A nurse who is considering nursing 
informatics as a profession can benefit from reading this primer on nursing informatics.  
The book could be a great investment in career planning. 

2.4. Evidence-Based Health Informatics 

Suggested by: William Goossen PhD:  
Bibliographic data of the annotated reference: Ammenwerth E, Rigby M 

(Editors). Evidence-Based Health Informatics. Studies in Health Technology and 
Informatics, 2016, Volume 222. ISBN 978-1-61499-634-7 (print) | 978-1-61499-635-4 
(online) Open Access. 

Summary of the content:  This book addresses the need for better understanding of 
the importance of robust evidence to support health IT and to optimize investment in it. 
The authors give insight into health IT evidence and evaluation as its primary source. 
They further promote health informatics as an underpinning science to demonstrate 
ethical rigor and proof of benefits in a similar manner that it is applied to other health 
technologies as medical devices and medicines. The three parts of the book cover: 1) 
the context and importance of evidence-based health informatics; 2) methodological 
considerations of evaluation of Healthcare IT; and 3) ensuring the relevance and the 
application of evidence in practice. 

Reason to recommend this reference: There is an increasing understanding that 
health informatics technology (HIT) are not only beneficial to patients, providers or 
health care. Using scientifically sound methodologies to research the effects of HIT on 
patient care, professional work and healthcare is important so we learn and know what 
works and what does not. This book by Ammenwerth and Rigby is an important update 
to the existing knowledge in the field on the evaluation of health informatics. During 
the final weeks before the preparation for the NI 2016 Post Conference, the EFMI list 
for health informatics evaluation send out a message about its publication, but too late 
to be included as a subject, and also out of scope for our primary target audience. 

2.5. Evidence based nursing informatics competencies 

Suggested by: Michelle Honey RN, PhD et al:  
Bibliographic data of the annotated reference: Desjardins KS, Cook SS, Jenkins 

M, Bakken S. Effect of an informatics for evidence-based practice curriculum on 
nursing informatics competencies. International Journal of Medical Informatics. 
2005;74(11-12):1012-20. 

Summary of the content: This article reports describes the effect of an evolving 
informatics for evidence-based practice curriculum on nursing informatics 
competencies in three student cohorts using a repeated-measures, non-equivalent 
comparison group design to determine differences in self-rated informatics 
competencies pre- and post- informatics evidence-based practice education.  While no 
significant differences between cohorts were found, the importance of assessing 
informatics competency attainment so that curricula can be refined is emphasised. 
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Reason to recommend this reference: While this is a somewhat dated US based 
study from Columbia University School of Nursing, it is one of the few examples 
located that explores informatics within a curriculum. Despite none of the three nursing 
student cohorts studied achieving competence despite curricular revisions, this article 
demonstrates that nursing informatics competencies can be assessed against creating 
informatics competent graduates. 

2.6. Practicing nurse competencies 

Suggested by: Lynn Nagle PhD RN: 
Bibliographic data of the annotated reference: Canadian Association of Schools of 

Nursing (CASN). Nursing Informatics Entry-to-Practice Competencies for Registered 
Nurses (2012). Author: Ottawa, ON Canada. Available at: 
http://www.casn.ca/education/digital-healthnursing-informatics-casn-infoway-nurses-
training-project/ 

Summary of the content: This document provides a background and overview of 
the informatics entry-to-practice competencies developed for Canadian nurses. The 
competencies have been derived from previously developed competency frameworks. 
The 3 competency areas include performance indicators in the areas of: 1) information 
and communication technology use, 2) information and knowledge management, and 
3) professional and regulatory accountability. 

Reason to recommend this reference: This work may inform the nursing 
informatics competency development efforts of other countries. This document and 
other “how to” teaching materials are available at no cost from the above website (e.g., 

“Nursing Informatics Teaching Toolkit” and “Consumer Health Solutions Resource” 

for nurse educators). 

2.7. TIGER Competency Synthesis Project 

Suggested by: Joyce Sensmeier MS, RN-BC, CPHIMS, FHIMSS, FAAN:  
Bibliographic data of the annotated reference: Hübner, U., Shaw, T., Thye, J., 

Egbert, N., Marin, H., Ball, M.J. Towards an International Framework for 
Recommendations of Core Competencies in Nursing and Inter-Professional 
Informatics: The TIGER Competency Synthesis Project. In Hoerbst, A. et al. (Eds.). 
Exploring Complexity in Health: An Interdisciplinary Systems Approach, 655-659. 
DOI 10.3233/978-1-61499-678-1-655. 2016 European Federation for Medical 
Informatics and IOS Press. 

Summary of the content:  Informatics competencies of the healthcare workforce 
must meet the requirements of the inter-professional process and outcome oriented 
provision of care. In order to help nursing education transform accordingly, the TIGER 
Initiative deployed an international survey, with participation from 21 countries, to 
evaluate and prioritize a broad list of core competencies for nurses in five domains: 1) 
nursing management, 2) information technology (IT) management in nursing, 3) 
interprofessional coordination of care, 4) quality management, and 5) clinical nursing. 
Informatics core competencies were found highly important for all domains. In 
addition, this project compiled eight national cases studies from Austria, Finland, 
Germany, Ireland, New Zealand, the Philippines, Portugal, and Switzerland that 
reflected the country-specific perspective. These findings will lead us to an 
international framework of informatics recommendations 
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Reason to recommend this reference: The TIGER Competency Synthesis Project 
continues to evolve with additional findings, publications and insights. This article was 
published subsequent to the NI 2016 Post Conference and is an important update to 
increase our understanding of the implications of the international competency 
synthesis. 

2.8. Learning in nursing 

Suggested by: Michelle Honey RN, PhD  and Paula Procter RN, PhD: 
Bibliographic data of the annotated reference: Downes S. Connectivism and 

connective knowledge: Essays on meaning and learning networks [Internet]2012 
[Available from: http://www.downes.ca/files/books/Connective_Knowledge-
19May2012.pdf. 

Summary of the content: A self-published book that considers three major domains, 
knowledge, learning and community, each representing an aspect of network theory. 
He includes a critique of Siemens work, and also brings in use of the cloud and 
Massive Open Online Courses (MOOC) in education. 

Reason to recommend this reference: For those who are interested in reading more 
about Connectivism, this over 600 page self-published book provides views that will 
encourage consideration about what connectivism is and how it can impact education 
and learning. 

2.9. Nursing informatics curriculum 

Suggested by: Michelle HONEY RN, PhD  and Paula PROCTER RN, PhD: 
Bibliographic data of the annotated reference: Cummings E, Shin EH, Mather C 

and Hovenga E.  Embedding Nursing Informatics Education into an Australian 
Undergraduate Nursing Degree.  Sermeus W et al (Eds) Nursing Informatics 2016: 
eHealth for All: entry Level Collaboration - From Project to Realization.  IOS Press. 
2016 pp 329-333.  ISBN 978-1-61499-658-3 (online). 

Summary of the content: Following the mandate in Australia to include informatics 
in nursing curricula, this paper explains how one University has tried to meet this 
challenge even with a lack of nationally agreed competencies. 

Reason to recommend this reference: The paper raises a number of issues which 
remain unaddressed in a number of countries where there is a will to include 
informatics in nursing curricula particularly at first level education.  It explores in a 
pragmatic way the decision steps that were followed in order to advance the knowledge 
for nursing students. 

2.10. Online resources for nursing informatics 

Suggested by: Lisiane Pruinelli, PhD, MS, RN: 
Bibliographic data of the annotated reference: Clancy, T.R. Integrating AACN 

Essentials, QSEN KSA's and TIGER Competencies for Nursing Informatics [Internet]. 
School of Nursing, University of Minnesota, US; 2016; [cited 2016 Sep 26] . Available 
from: https://www.nursing.umn.edu/outreach/nursing-informatics-educationand-
resources/nursing-educators.  

Summary of the content: This repository contains resources from a collaborative 
effort of AACN, the University of Minnesota School of Nursing, and the University of 
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Maryland School of Nursing. Materials are freely available, featuring numerous sample 
assignments, links to informatics standards and professional Web sites, and 
instructional videos on a variety of subjects such as EHRs, standardized nursing 
languages, workflow, consumer informatics, telehealth, and other key emerging areas. 

Reason to recommend this reference: This web page contains resources for 
students and educators in nursing informatics, aligned with national and international 
recommendations. 

2.11. Assessment of nursing informatics competencies 

Suggested by: Laura-Maria Peltonen, RN, MNSc: 
Bibliographic data of the annotated reference: Choi J, De Martinis JE. Nursing 

informatics competencies: assessment of undergraduate and graduate nursing students.  
Journal of Clinical Nursing. 2013 Jul;22(13-14):1970-6. doi: 10.1111/jocn.12188. 

Summary of the content: This article discusses informatics competencies of 
students in undergraduate and graduate nursing programs based on findings from a 
survey where data were collected regarding students’ self-evaluation of informatics 
competencies from one state university in the USA. The authors discuss different 
aspects to be considered in informatics curriculum development of undergraduate and 
graduate nursing programs. 

Reason to recommend this reference: The discussed aspects may be of use to nurse 
educators in determining specific areas to consider when developing nursing 
educational programs to ensure sufficient competence in nursing practice. 

2.12. Structured Nursing Records 

Suggested by: Ulla-Mari Kinnunen, PhD, RN:   
Bibliographic data of the annotated reference: Saranto K, Kinnunen UM, Kivekäs 

E, Lappalainen AM, Liljamo P, Rajalahti E, et al. Impacts of structuring nursing 
records: a systematic review. Scandinavian Journal of Caring Sciences Nov (2013), 18: 
1-19. 

Summary of the content: The aim of this systematic review is to describe the 
impacts of different data structuring methods used in nursing records or care plans. It 
examines what kinds of structuring methods have been evaluated and the effects of data 
structures on healthcare input, processes and outcomes in previous studies. Various 
codes, classifications, terminologies or structured forms were most often used in the 
studies. Beside these or independently the nursing process model was used in 64 % of 
the analyzed articles. The unexpected impacts for healthcare inputs were a lack of 
resources, e.g. managerial support and education, and for processes negative attitudes 
because of lack of support. Vice versa the positive impacts to outcomes were secondary 
impacts, e.g. research, management, education.  

Reason to recommend this reference: Review provides useful information about 
the knowledge of the needs of nursing practice and management as well as nursing 
informatics. Acquisition and dissemination of knowledge of the use, effects and 
benefits of standardized nursing languages is very much needed when its 
implementation is under planning or adoption already in process, and curricula for 
nursing schools are under development and update. 
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2.13. Personal Health Records 

Suggested by: Kaija Saranto PhD, RN, FACMI, FAAN: 
Bibliographic date of the annotated reference:  Saranto K, Brennan Flatney P, 

Casey A (eds): Personal Health Information Management Tools and Strategies for 
Citizens’ Engagement University of Kuopio, Department of Health Policy and 
Management, Kuopio, 214 pages, 2009. 

Summary of the content: The publication is a summary of personal health 
information management tools and strategies for citizens engagement produced in the 
NI2009 post-conference congress. The publication gives several perspectives to 
personal health information management e.g. technology, usability, governance, 
clinical practice, confidentiality and safety. Reflecting our topic in 2016 a group of 
expert in 2009 also focused on competencies under the title: The Personal Health 
Information Management Systems & Education: Preparing Nurses to practice in a 
Wired World.  It also provides descriptions of the situation in 16 countries. 

Reason to recommend this reference: This publication reflects our post-conference 
theme Forecasting Informatics Competencies for Nurses in the Future of Connected 
Health. The publication from NI2009 describes the situation in personal health 
information management almost ten years ago. Thus it gives us perspectives how we 
have made progress during the years. The publication focuses on the development of 
tools, their use and implementations to practice. At that time we were probably more 
concerned about citizens’ access to their data than the variety of tools providing the 

access nowadays. We also recognized the need for governance which still is sometimes 
our weakest link in implementations. However, most importantly without education 
there will be no progress. Thus we need to define and set the goals, contents and 
methods how to enhance nurses’ informatics competencies needed in the future. 

2.14. Competencies for Nursing Telehealth 

Suggested by: Ybranda Koster MScN: 
Bibliographic data of the annotated reference: C.T.M. van Houwelingen, A.H. 

Moerman, R.G.A. Ettema, H.S.M. Kort, O. ten Cate, Competencies required for 
nursing telehealth activities: A delphi-study, Nurse Education Today 39 (2016) 50-62. 

Summary of the content: This study presents fourteen nursing telehealth activities 
to support patients and 32 ‘new’ telehealth-specific competencies required for the 
provision of telehealth. 

Reason to recommend this reference: The required telehealth competencies 
presented in this study can be used by nursing schools that are considering including or 
expanding telehealth education in their curriculum and may strengthen the development 
of telehealth education. 

2.15. Patient Safety and Nursing Informatics 

Suggested by: Elizabeth Borycki RN PhD: 
Bibliographic data of the annotated reference: Borycki, E., Keay, E. Methods to 

assess the safety of health information systems.  Healthcare Quarterly, 2010; 13: 47-52. 
Summary of the content: There is growing evidence that health information 

systems, when not designed, developed, implemented and maintained properly, can 
cause health professionals to make errors (i.e. technology-induced errors).  The article 
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reports on the results of a review of the literature examining the methods that can be 
used to predict, prevent and evaluate the potential of health information systems to 
cause technology-induced errors.  Such methods, if used appropriately, can reduce the 
likelihood of an occurrence of a technology-induced error and can improve the overall 
safety of health information systems. 

Reason to recommend this reference: The reference outlines the main methods 
used to assess health information systems for safety and the presence of technology-
induced errors. Identifying and addressing technology-induced errors will ensure the 
overall safety of systems over time. The article outlines the methods that should be 
used to identify technology–induced errors before, during and after the implementation 
of a health information system. 

2.16. Competencies in social media use in the area of health and healthcare 

Suggested by:  Patrick Weber RN, MA 
Bibliographic data of the annotated reference: Ventola CL. Social Media and 

Health Care Professionals: Benefits, Risks, and Best Practices. Pharmacy and 
Therapeutics. 2014;39(7):491-520. 

Summary of the content: Many social media tools are available for health care 
professionals (HCPs), including social networking platforms, blogs, microblogs, wikis, 
media-sharing sites, and virtual reality and gaming environments. These tools can be 
used to improve or enhance professional networking and education, organizational 
promotion, patient care, patient education, and public health programs. However, they 
also present potential risks to patients and HCPs regarding the distribution of poor 
quality information, damage to professional image, breaches of patient privacy, 
violation of personal–professional boundaries, and licensing or legal issues. Many 
health care institutions and professional organizations have issued guidelines to prevent 
these risks. 

Reason to recommend this reference: This paper is a very good overview of the 
use of social media for healthcare professionals. It takes into account the healthcare 
professional person, the patient, the institution. It gives information about a number of 
social media tools. It goes through some legal aspects. 

2.17. Genomics relevance for nursing 

Suggested by: Kathleen McCormick RN, PhD: 
Bibliographic data of the annotated references: McCormick, K.A. and K.A. 

Calzone, The impact of genomics on health outcomes, quality, and safety. Nurs 
Manage, 2016. 47(4): p. 23-6. 

Summary of the content: This recent publication highlights the importance of 
integrating genetics and genomics into nursing care to improve outcomes, quality, and 
safety. 

Bibliographic data of the annotated references: McCormick, K.A., Calzone, K.A. , 
Big Data Initiatives: Genomics and Information Technology for Personalized Health, in 
Essentials of Nursing informatics, 6th Edition. Saba,VK &. McCormick,KA Editor. 
2015, McGraw-Hill: New York. p. 707-725. 

Summary of the content: This book chapter summarizes the initiatives ready for 
use throughout the continuum of care, the resources available, implications for nursing 
informatics, and the Blueprint for Nursing Research needed in genetics/genomics. 

W. Goossen / Informatics Competencies in Connected Health: Annotated Bibliography248



Bibliographic data of the annotated references: Relling, M.V. and W.E. Evans, 
Pharmacogenomics in the clinic. Nature, 2015. 526(7573): p. 343-50. 

Summary of the content: Describes the new evidence in CPIC guidelines ready for 
implementation into clinical practice. 

Reason to recommend these references: This set describes the state of the art of 
genomics with respect to nursing care. First serves as an introduction, second as in-
depth chapter. The third moves it to the multidisciplinary care guideline for practice. 

2.18. Nursing leaders 

Suggested by: Charlene Ronquillo, RN, MSN: 
Bibliographic data of the annotated reference: Collins S. ANI emerging leaders 

project: Clinical informatics governance & nursing leadership. Computers Informatics 
Nursing. 2014 Sep 1;32(9):420-3. 

Summary of the content: This paper provides a discussion of the integral link 
between nursing leadership and clinical informatics governance, informed by a survey 
administered to leading nursing informatics leaders in the United States. The 
importance of nursing informatics leaders’ roles in representing and communicating the 

relevance and added value of innovations in health informatics is highlighted, along 
with the need for organization’s informatics governance to support the full extent, 

education, and training of nursing informatics leaders. 
Reason to recommend this reference: This paper describes a key organizational 

factor to consider in supporting the visibility of nursing practice in healthcare 
organizations’ clinical informatics systems. 

2.19. Nurse executive competencies 

Suggested by: Margaret Ann Kennedy RN PhD: 
Bibliographic data of the annotated reference: American Organization of Nurse 

Executives (AONE), Nurse executive competencies. (2015) Retrieved from: 
http://www.aone.org/resources/nec.pdf 

Summary of the content: This recently updated publication from the AONE 
specifically sets forth a comprehensive model for nursing leadership 
competencies.  The recommended competencies encompass all aspects within broad 
topics of nursing leadership including communications and relationship management, 
knowledge of the health care environment, leadership, professionalism, and business. 
Within the business section, information management and technology competencies are 
explicitly defined. 

Reason to recommend this reference: Nurse executives require clearly defined 
competency expectations regarding informatics within leadership and executive roles. 
Additionally, nurse executives require support and resources in order to effectively 
incorporate these competencies into their day to day activities. 

2.20. Collaborative practice 

Suggested by: Raji Nibber BSN, RN: 
Bibliographic data of the annotated reference: Christopherson TA, Troseth MR, 

Clingerman EM. Informatics-enabled interprofessional education and collaborative 
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practice: A framework-driven approach. Journal of Interprofessional Education & 
Practice. 2015 Mar 31;1(1):10-5. 

Summary of the content:  This article summarizes the work of more than 346 rural, 
community and university settings in the United States towards developing and 
implementing a framework-driven approach (as opposed to project-driven) to address 
the gap between education and practice in delivering safe, efficient and quality care.  
Six models were created as a part of the framework along with processes, tools, and 
infrastructures to support the use of health information technology and promote 
interprofessional education and collaborative practice. 

Reason to recommend this reference: This framework can be used by 
organizations to improve and achieve sustainable outcomes.  Nurse leaders and 
educators specifically can address and bridge the gap between education and practice to 
improve interprofessional integration and collaboration of informatics across health 
professions. 

2.21. Health Informatics: An Interprofessional Approach 

Suggested by: Bickford, Carol J.  PhD, RN-BC, CPHIMS, FHIMSS, FAAN: 
Bibliographic data of the annotated reference: Nelson R, Staggers N. Health 

Informatics: An Interprofessional Approach. St. Louis, MO: Elsevier Mosby; 2014. 
Summary of the content: This textbook provides an interprofessional perspective 

and comprehensive presentation of health informatics content. Thirty-one chapters are 
categorized into nine units: Background and Foundational Information; Information 
Systems in Healthcare Delivery; Participatory Healthcare Informatics and Healthcare; 
Project Management: Tools and Procedures; Quality, Usability, and Standards in 
Informatics; Governance and Organizational Structures for Informatics; Education and 
Informatics; International Informatics Efforts; The Present and Future. The detailed 
robust content provides extensive evidence of the diversity and complexity of 
contemporary health informatics practice. Additional learning materials and 
supplemental faculty resources augment and enhance this textbook’s value. 

Reason to recommend this reference: Industry experts beyond the nursing 
informatics community provided key insights about issues and trends within their 
specialty areas. Frameworks and theories are referenced to guide the reader’s 

understanding of health informatics. 

2.22. Improving Health Care through Informatics 

Suggested by:  Daragh Rodger RGN, RNP, RANP, MSc & PhD student: 
Bibliographic data of the annotated reference: Botin L, Bertelsen P, Nohr C. 

Challenges in Improving Health Care by Use of Health Informatics Technology. In: 
Botin L, Bertelsen P, Nohr C. 215 Techno-Anthropology in Health Informatics 
Methodologies for Improving Human Technology Relations. IOS Press: Netherlands, 
2015:3 – 11. 

Summary of the content: This chapter introduces Techno-Anthropology as the 
study of the relationship between humans and technology and how they interact. 
Within an eHealth and health informatics agenda, this topic is emerging as a facilitator 
to the provision of quality holistic healthcare through interdisciplinary engagement. It 
outlines the need for and identifies support strategies to meet the challenges faced by 
health care providers, patients and their relatives to be competent users and developers 
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of health technology. The book further presents how adopting a Techno-Anthropology 
approach can enhance health informatics and eHealth agendas.  

Reason to recommend this reference: The overarching aim of connected health 
involves the patient being central to healthcare service delivery.  This chapter provides 
an introduction to the relevance of Techno-Anthropology on eHealth and in particular 
on patient-centric health informatics. It also demonstrates how Techno-Anthropology 
can   support new ways of conceptualizing and developing systems that embrace 
patient-centered needs, values and perspectives for a quality orientated  health care 
system. 

2.23. Nursing Informatics Research Priorities 

Suggested by: Maxim Topaz PhD, RN, MA:  
Bibliographic data of the annotated reference: Peltonen LM, Topaz M, Ronquillo 

C, Pruinelli L, Sarmiento RF, Badger MK, Ali S, Lewis A, Georgsson M, Jeon E, 
Tayaben JL, Kuo CH, Islam T, Sommer J, Jung H, Eler GJ, Alhuwail D. Nursing 
Informatics Research Priorities for the Future: Recommendations from an International 
Survey. Stud Health Technol Inform. 2016;225:222-6. 

Summary of the content: This paper provides a discussion of the future nursing 
informatics research priorities, based on analysis of a study conducted by the 
International Medical Informatics Association- Nursing Informatics Special Interest 
Group (IMIA-NISIG) Student Working Group. 373 responses from 44 countries were 
analyzed. The identified top ten nursing informatics research trends were big data 
science, standardized terminologies (clinical evaluation/implementation), education and 
competencies, clinical decision support, mobile health, usability, patient safety, data 
exchange and interoperability, patient engagement, and clinical quality measures. 
Acknowledging these research priorities can enhance the successful future 
development of nursing informatics to better support clinicians and promote health. 

Reason to recommend this reference: This paper describes ten key research areas 
recommended as a focus for nurse informatics researchers in the coming years. 
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