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Preface
The Primary Care Strategy Taskforce, Preventive Care Taskforce and National Health and Hospital Reform Commission, have flagged the importance of addressing the health informatics and workforce capacity and capability. A project, managed by ACHI with support from the Commonwealth Department of Health and Ageing (DOHA) and under the auspices of an advisory council – the interim Australian Health Informatics Education Council (AHIEC), resulted in a strategic workplan for an Australian Health Informatics Education Program (NHIEP). This workplan was submitted to the Australian Government’s Department of Health and Ageing in June 2009. It recommends that a systematic approach be adopted to describe the required HI competencies, defining the gaps, developing the strategies to address the capability gaps and monitoring the progress and effectiveness of the strategies implemented. This report is one of the first projects included in this strategic workplan. It provides a strong foundation from which to undertaken a number of other projects as detailed in this strategic workplan.


1. Introduction
This literature and web review includes a review of past activities undertaken by the Australian Government, European Commission’s funded activities, work undertaken in Canada, by the National Health Service (NHS) in the UK, in the USA , IMIA, via its education working group consisting of more than 50 academic institutional members, and many associated Professional organisations’ activities. The possible roles of the Australian Learning and Teaching Council and Learning and Teaching for Interprofessional Practice, Australia (L-TIPP, Aus) relative to Health Informatics education will also be examined. 
This review is about the current national and international Health Informatics workforce and education state of play. It includes an examination of credentialing and accreditation competency standards currently in use internationally, by the Health Information Manager Association Australia (HIMAA), the Australian Computer Society (ACS) and HL7 Australia and studies associated with describing the Health Informatics body of knowledge, Health Informatics education guidelines, Health Informatics position descriptions, and Health Informatics competency identification.
Key messages regarding methodologies adopted and outcomes achieved will be extracted from the literature found in accordance with stated objectives for this review. It will include recommendations for how Australia can best move forward. The results of this deliverable will influence the methodologies to be undertaken for projects included in the strategic workplan including the development of a draft national health informatics career framework. This needs to be in harmony with our yet to be developed/adopted health informatics ontology.
A review of past Australian Government activities revealed that in 2004 the then Australian Health Information Council (AHIC) produced a national statement on Health Workforce Health Informatics Capacity Building[endnoteRef:1]. This statement was founded on the following vision for the Australian health workforce: [1:  Australian Health Information Council (AHIC) 2004 Health Workforce Health Informatics Capacity Building National Statement – personal communication, unpublished in confidence document] 

An Australian health workforce that has the knowledge and skills to
· Use information technologies to improve clinical care and health outcomes;
· Manage health information better; 
· Improve workplace practices;
· Undertake and participate in decision making regarding the application and use of information technologies;
· Achieve efficiency gains that result in more effective allocation of resources; and
· To better anticipate and manage risks in our healthcare system;
so that the benefits of information technology in health are distributed to all participants in the health sector. 
This vision was to be achieved via three priorities, 1)national leadership, 2)education and 3)research. We have yet to see these priority areas actioned or this vision realised to its fullest extent. This statement’s 13 recommendations were never implemented and continue to be relevant for adoption today. There are many similarities between these recommendations and the strategic workplan developed in 2009 under the auspices of the interim Australian Health Informatics Education Council (AHIEC).
AHIC defined Health Informatics (HI) as:  
An evolving socio-technical and scientific discipline that deals with the collection, storage, retrieval, communication and optimal use of health related data, information and knowledge in support of research, education and patient care.   It is the science of collecting, storing, packaging and using health information in support of health care delivery, education and management.  
AHIC’s definition of Health Workforce was:   
A diverse group of workers with different occupations and roles, working in a range of healthcare settings.  The Health Workforce should be understood in its widest sense. It includes medical practitioners and clinicians, nurses, allied health professionals, health care workers, office and practice managers, senior managers, information and communication technology staff, health records staff, health librarians and health analysts – such as business and data analysts.
These definitions have again been adopted for the purpose of this literature review.
Objectives
The overall aim was to understand past national and international activities on health informatics education and workforce initiatives and associated national educational initiatives to enable us to learn from these experiences and leverage our future activities accordingly. This review of the literature and other relevant resources was undertaken to:
· Document the current state of play regarding our knowledge about the health informatics workforce and its capacity.
· Identify and describe methodologies adopted to identify the health workforce required Health Informatics competencies and capacity
· Explore how the scope and boundaries of the Health Informatics body of knowledge can best be categorised and described as a field of education
· Explore workforce competency needs relative to career structures, roles and functions. 
· Evaluate available workforce competency structures with the potential to be adopted as a framework to assist career structure and curriculum development
· Develop a draft national health informatics career framework within which to organise sets of available competencies. 
· Identify Australian gaps that need to be addressed
· Develop a knowledge framework for educational program accreditation building on available knowledge about Health Informatics workforce capacity building on competency developments.
Review Methodology adopted
A lot of the literature reviewed was readily available in the author’s personal library, some of the literature included in this review is not necessarily available publicly, it represents what is often referred to as ‘grey literature’. This includes access to detailed data shared amongst colleagues and in press publications. The work undertaken for the International Medical Informatics Association (IMIA) [endnoteRef:2] [endnoteRef:3] and other prominent recent studies contained a lot of references many of which were also used for this review, other references are included in appendix 1 as a bibliography. Accessing these references via the web did result in finding more references that were included in this review.  [2:  Haux et al, Recommendations of the International Medical Informatics Association (IMIA) on Education in Health and Medical Informatics. Methods of Information in Medicine 2000;Vol 39: 267-77 ]  [3:  John Mantas, Elske Ammenwerth, George Demiris, Arie Hasman, Reinhold Haux, William Hersh, Evelyn Hovenga, K. C. Lun, Heimar Marin, Fernando Martin-Sanchez, Graham Wright , Recommendations of the International Medical Informatics Association (IMIA) on Education in Biomedical and Health Informatics  First Revision, Methods of Information in Medicine 2010 49: - 10.3414/ME5119. http://www.schattauer.de/en/magazine/subject-areas/journals-a-z/methods/contents/preprint-online/07th-jan-2010.html] 

2. Health Informatics Workforce Capacity and structures: State of Play
· Document the current state of play regarding our knowledge about the health informatics workforce and its capacity.
Despite growing evidence for the value of using health information technologies, there continue to be many barriers to a wider use of these technologies in clinical settings. One of these barriers is the ‘lack of characterisation of the workforce and its training needed to most effectively implement HIT systems’[endnoteRef:4] One fairly recent study undertaken in the USA found the IT staffing ratio to be 0.142 IT FTE per hospital bed or put another way an IT to total staff ratio of 60.7[endnoteRef:5]. This will vary based on the extent of clinical system/EHR adoption. We have little formal knowledge about those who call themselves health informaticians as distinct from IT professionals. An analysis of Fellows and Members of the Australasian College of Heath Informatics is revealing as collectively their knowledge and experience cover numerous disciplines, with each having a unique set of knowledge, skills and work experience. The latest Canadian workforce study[endnoteRef:6] details a most comprehensive and in depth analysis of human resource impacts of the nation’s adoption of electronic health information systems (EHIS). The COACH Career Matrix together with its HI Professional Core Competencies formed the basis for a recent estimate of the current supply of, and five year requirements for, HI and HIM professionals who have formal training or experience in working with electronic health information systems (EHIS). The required workforce is given in numbers not in a format that enables comparisons to be made with the figures previously presented. Key conclusions reached from this study are that system-based, workforce planning measures should be a priority to ensure that potential benefits of EHIS can be realised and that there is a serious risk that both labour and skill shortages will constrain the successful implementation of EHIS in Canada. More specifically the report indicates that:  [4:  Hersh W. The Heath Informatics Workforce: Unanswered Questions, needed Answers in Hovenga et al (Eds) 2010 Health Informatics: an overview, IOS Press, Amsterdam in press]  [5:  Hersh WR and Wright A, Characterizing the Health Information Technology Workforce: Analysis from the HIMSS Analytics™ Database. 2008, Oregon Health & Science University: Portland, OR, http://www.billhersh.info/hit-workforce-hersh.pdf.]  [6:  O’Grady, Health Informatics and Information Management Human Resources Report 2009, Canada Health Infoway, Canadian Health Information Management Association, COACH – Canada’s Health Informatics Association, Information and Communications Technology Council, Information Technology Association of Canada- Health. http://www.coachorg.com/default.asp?ID=1063 viewed 26 January 2010] 

‘the successful implementation of EHIS investments requires a range of specialized human resources. These include:
· information technology professionals with in-depth knowledge of both the business and clinical needs of the health system,
· health information management professionals with knowledge of EHIS technologies,
· clinicians who understand these technologies and can apply them to clinical practice,
· planners who know how to utilize electronic health information systems to address system management issues, and
· specialists in process re-engineering and change management.
The most recent review of the Australian Health Informatics workforce, defined this workforce as ‘those who work on information-related activities in healthcare’[endnoteRef:7]. Their adopted definition for Health Informatics (HI) was: ‘Health informatics is the science and practice around information in health that leads to informed and assisted healthcare’. The view one has of this discipline is known to colour the perception of what HI skills and knowledge (competencies) are required by any health professional or health informatician [endnoteRef:8]. As a consequence of a general non agreement regarding what constitutes the scope and body of knowledge of this discipline, it has to date not been possible to reach agreement about what HI skills and knowledge are required by the Australian Health Workforce.  [7:  HISA, Legg & Associates, A Review of the Australian Health Informatics Workforce, a report presented to the Australian Government Department of Health and Ageing, August 2009 p.9 ]  [8:  Whetton, SG, 2005, Health informatics workforce skills: technology is king, time for a consort? Proceedings of HIC 2005: Thirteenth National Health Informatics Conference, 31st July - 2nd August, (2005) Melbourne, Australia, pp. 1-7. ISBN 0975101358] 

The HI and HI workforce definitions adopted by HISA have a strong emphasis on information use. One could argue that when compared with the AHIC definition adopted for this review the HISA definition reflects only a component of the HI discipline. In addition this particular component of the HI discipline has traditionally been claimed as the body of knowledge associated with Health Information Managers. Consequently these survey results cannot be viewed as representative of the full scope of the HI discipline. One can only conclude that without an agreed and fully described HI body of knowledge and an associated career framework it is not possible to realistically identify the Health Workforce’s HI capacity. The HISA survey results therefore can only be used as providing one perspective of the current state of play. Their best guess estimate of the current number of health informaticians in Australia is around 12,000. 
Canada’s 2009 workforce report estimates its 2009 HI & HIM occupation groups to total 32,540 of whom 8,880 are estimated to require skill broadening. They also project an average annual growth over the next five years to range from 7.6% to 26% plus a replacement rate of 11.8%. That translates to a hiring requirement as percent of their 2009 employment of 19.4% or 6320 new graduates annually.  
There is a consensus that more research needs to be undertaken to better characterise the health informatics workforce from which optimal competency and curricula requirements can be identified. Such research needs to go beyond a narrow group or focus or applications but examine the big picture of the entire health workforce, including the roles and functions associated with a career structure. To that end the Canadian Health Informatics Association’s Health Informatics Workforce Review has resulted in a Health Informatics Professional Career Matrix and the Welsh National Health Service[endnoteRef:9] , adopted by the NHS as a whole, has developed another. The latter’s Health Informatics Career Framework provides job role details associated with a list of disciplines, an update from those listed in the original NHS 2002[endnoteRef:10] document. It was noted that these are not exhaustive.  [9:  HI-Profile (Health Informatics Professional Identity, Leadership and Education)  http://www.wales.nhs.uk/sites3/page.cfm?orgid=584&pid=24219 and http://www.hicf.org.uk/ ]  [10:  National Health Service (NHS) UK Making Information Count,:A Human Resources Strategy for Health Informatics Professionals http://www.dh.gov.uk/dr_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_4073084.pdf] 

Table 1 compares these two national frameworks from a big picture perspective. There are significant differences between the two suggesting that each reflects the current national status of policy implementations. The COACH framework has five levels within the career structure whereas the Welsh framework has nine levels. Each framework has multiple role titles within each discipline category, the Welsh career framework now includes over 100 job roles. It appears that in each career structure framework the disciplines could be viewed as health informatics specialties as each has its own career progression possibilities. Each framework has identified seven distinct pathways in their career frameworks but these differ.  The only similarities are in IT, Project Management, Information Management and Clinical Informatics as shown in Table 1
Table 1 	A Comparison between the COACH and NHS Career Frameworks
	COACH Discipline Pathways
(Occupational Groups with % distribution)
	NHS HI-Profile Career Pathways
	NHS Disciplines

	
	· Knowledge Management
	· Knowledge Management

	
	· Health Records & Patient Administration
	· Clinical Coding

	
	
	· Health/Medical Staff

	· Information Technology (54%)
	· ICT Staff
	· Information Technology

	
	· HI Educators & Trainers
	· IT Training

	· Project Management  (6%
	· Project and Programme Management
	· Programme/Project Managers

	· Analysis and Evaluation (11%)
	
	· Clinical Audit 

	
	
	· Information Governance

	· Clinical and Health Sciences (3%)
	· Clinical Informatics Staff
	· Clinical Informatics

	· Information Management (16%)
	· Information Management
	· Information Management

	· Organisational & Behavioural Management (10%)
	
	· Health Informatics Director/Senior Managers

	· Canadian Health System
	
	



The latest Canadian report identified these occupational groups together with an estimate of the number of positions required in each and the number of people in existing positions in these groups who will need to broaden their skills by undertaking formalized professional development. The report includes multiple roles for each of the above occupational groups, totalling 27 as per the career matrix, with corresponding estimates of workforce requirements and skill broadening requirements. 
 
The 2006 workforce survey by the NHS in England[endnoteRef:11] now updated annually, identified the following six informatics groups distributed in terms of numbers across the workforce. The 2008 survey[endnoteRef:12] separated Clinical Coders from the Information Management staff as a new group as follows: [11:  NHS Informatics Workforce Survey ASSIST 2 August 2006 http://www.bcs.org/upload/pdf/finalreport_20061120102537.pdf]  [12:  Elan Health, Health Informatics: a career for the future, eHealth Insider p.21 http://www.e-health-insider.com/document_library/item.cfm?ID=134 viewed 23 January 2010] 

	2006 NHS Workforce Survey
	2008 NHS Workforce Survey

	· Senior Manager 7%
	· Senior Manager 4.6%

	· Health Records staff 26%
	· Health Records staff 27.9%

	· Knowledge Management staff 9%
	· Knowledge Management staff 4.9%

	· ICT staff 37%
	· ICT staff 36.1%

	· Information Management staff 18%
	· Information Management staff (excl. Coders) 14.3%

	· Clinical Informatics staff 3%
	· Clinical coders 8.7%

	
	· Clinical Informatics staff 3.5%



A 2008 update published by the NHS Workforce Review Team[endnoteRef:13] identified Clinical Coding as an additional group and indicates that the health informatics workforce is growing at a rate of just under 1500 staff per annum with a further increase in demand expected based on current policies and initiatives. They reported that ‘the Department of Health’s 2008 Health Informatics review identified a general shortage of the skills required to plan and implement change programmes in all their stages, from effective integrated planning, through technical deployment, business change and to benefits realisation’. The NHS has now embedded Health Informatics in the NHS Careers Pathway as a mechanism of creating clearly defined and standardised career pathways. Hersh[endnoteRef:14] provides a nice overview of HIT workforce studies undertaken in the USA and elsewhere noting that the NHS study has been the most comprehensive. He also notes that there is no research that quantifies how many health informaticians we need. He recommends that this be examined for three distinct workforce categories, academic (research & teaching), applied (operational informatics setting) and liaison (local expert interfacing with informatics or IT professionals) but notes that we need to learn more about informatics professionals and leaders as their roles are not well defined.   [13:   NHS Workforce Summary – Health Informatics Feb 2008 England only http://www.wrt.nhs.uk/index.php?option=com_docman&task=cat_view&gid=47&Itemid=]  [14:  Hersh W The Health Informatics Workforce: Unanswered Questions, Needed Answers In: Hovenga et al (Eds) Health Informatics: an overview IOS Press, Amsterdam 2010 in press] 

3. Health Workforce HI Capacity/skills Development Methodologies
· Identify and describe methodologies adopted to identify the health workforce required Health Informatics competencies and capacity
Australia
The 2009 HISA survey[endnoteRef:15] was under taken identify the scope and structure of the health informatics workforce. The questions adopted were based on the results of prior consultations when people were asked to identify what activities people working in information-related work in Australia actually do along with associated job titles those people might now have. The survey instrument was not tested prior to use due to time constraints, only the demographic section was a clone of a survey undertaken previously late 2007[endnoteRef:16] that aimed at gaining consensus about an Australian vision for the health system and how his could be transformed by health informatics. It is a pity that these authors did not analyse this vision for the purpose of identifying the many and varied HI competencies the health workforce overall needs to possess to enable the realisation of this vision. That could have provided a better scientific basis for the identification of the Health Workforce HI capacity relative to need. The survey was distributed exclusively electronically via its member and associated organisational mailing lists with a request to send it on to others.  [15:  HISA, Legg & Associates, A review of the Australian Health Informatics Workforce, A report to the Australian Government Department of Health and Ageing, 2009]  [16:  Legg M, Lovelock B, A vision for an Australian Healthcare System Transformed by Health Informatics, 2007 HISA  http://www.hisa.org.au/system/files/u1/rmed_by_Health_Informatics_v8_Public_Release_3.pdf] 

The 2004 Australian survey[endnoteRef:17] was undertaken to establish health professionals’ preferred knowledge/skills set for Health Informatics professionals and to ascertain their perceptions of needs and priorities. Questions adopted for the survey instrument were based on the IMIA’s endorsed recommendations on education and the IMIA scientific map developed by Lorenzi and endorsed in 2002. Also taken into account was then recent research[endnoteRef:18] [endnoteRef:19] [endnoteRef:20] [endnoteRef:21]that had analysed the various roles and functions of health informaticians as a basis for competency development as well as a major workforce research study undertaken in 2002[endnoteRef:22] regarding skill sets for health information management. These studies had adopted a roles-based approach to develop educational frameworks and identify competencies for each role. The British NHS multidisciplinary framework was based on the then most widely recognised national standards of competency in Information Management as outlined in the Management Charter Initiative (MCI) Management Standards that applied to all staff working at strategic and operational levels of management[endnoteRef:23]. This study adopted the three macro roles identified by Covvey et al for which they had defined competencies, 1) applied HI (deploying IT in health care), 2) research and development HI and 3) clinician HI (using IT in health care). In addition the experiences reported about a survey of academic and industry professionals regarding the preferred skill set of graduates of medical informatics programs undertaken in the USA[endnoteRef:24] were also taken into account during the questionnaire development.  [17:  Garde S, Harrison D,  Hovenga E, Australian Skill Needs Analysis of Health Informatics Professionals Volume 1: Rationale & Methods, key findings and conclusions, Research Report 1/2005 of the Health Informatics Research Group, Central Queensland University, Rockhampton. ]  [18:  Saba V, Skiba D J, Bickford C, Competencies and Credentialing: Nursing Informatics. In: Hovenga E, and Mantas J (Eds) Global Health Informatics Education, IOS Press Amsterdam 2004]  [19:  NHS Information Authority. Health Informatics Skills and Competencies: A framework to support NSF implementation 2002]  [20:  Canadian Nursing Informatics Association. Educating Tomorrow’s Nurses: Where’s Nursing Informatics? OHIH Research Project: 2002-2003 Final Report 2003.]  [21:  Covvey HD, Zitner D, Bernstein RM (Eds) Pointing the way: Competencies and Curricula in Health Informatics, 2001]  [22:  Wing P, Langelier M, Continelli T, Armstrong D 2003 Data for decisions: The HIM Workforce and Workplace 2002 Member Survey.]  [23:  Institute of Health and Care Development (IHCD). IM&T Competency Framework for NHS Managers 1998 ]  [24:  Hoffman S and Ash J A survey of academic and industry professionals regarding the preferred skillset of graduates of medical informatics programs. In: Medinfo 2001 proceedings (Pt2) p.1028-32] 

This survey was undertaken both electronically by distributing the web based survey URL across the memberships of Australia’s professional health associations and colleges in 2004 with reminders sent 3 weeks later. A traditional paper based survey was distributed simultaneously to a stratified random sample of 3000 Australian Health Professionals consisting of nine strata selected and sent by the Australasian Medical Publishing Company (AMPCo) who hold the most comprehensive and up to date database of all health professionals in Australia. There were significant differences between the results of these two distribution methods for the same survey. The findings overall formed the basis for the development of the Australian Health Informatics Education Framework that was endorsed by the Australasian College of Health Informatics in 2006. 
The Australian Nurses Federation first published a document titled Computerised Patient Data and Nursing Information Systems: some considerations in 1984 to assist nurses to understand the potential of the computer as a resource to facilitate and improve patient care. Their second publication in 1988[endnoteRef:25] was a practical guide to the use of computers in Nursing, both were complied by some of their members who were active in this area. This document included sample course outlines complete with required learning objectives. Similar publications were produced by the Royal Australian College of General Practitioners who appointed a Health Informatics research fellow around that time.  [25:  Royal Australian Nursing Federation 1988 Information Processing: A practical guide to the use of computers in nursing. RANF, Melbourne] 

More recently the ANF, with the financial support of the Australian Government Department of Health and Ageing, has engaged a research team from Qld University of Technology to undertake a study of over 4000 nurses regarding their use of information technology in the workplace[endnoteRef:26]. The first phase of this project, overseen by a project advisory committee convened by the project partners, was to develop and validate informatics competency standards for the nursing profession. Data collection was undertaken by means of a literature review, an online survey of nurses auspiced by the project partners via their websites and electronic distribution lists, and targeted focus group interviews held in all eight capital cities and four rural areas, discussions were audio-taped. The survey tool was developed based on best practice guidelines and informed by previous work in this area. The results of phase one are expected to be available soon.  [26:  Foster J, Bryce J Australian Nursing Informatics Competency Project. In: CD NI2009 Proceedings , Saranto K, Brennan P, Park H, Tallberg M, Ensio A (Eds) IOS Press, Amsterdam] 

Unites States of America
The American Medical Informatics Association (AMIA) has been working closely with the American Health Information Management Association (AHIMA) following their establishment of a process to jointly develop and address a common public policy agenda of which HI and HIM education and training was a high priority[endnoteRef:27]. AHIMA undertook a workforce member survey in 2002. However the most recent work undertaken by these two organisations was the hosting of a workforce summit meeting in 2005[endnoteRef:28]. Recommendations are being implemented by various appointed task forces and AMIA’s Academic Forum. The latter is in the process of identifying a common set of biomedical and health informatics competencies, including translational bioinformatics, clinical healthcare, research informatics and public health/population informatics.  [27:  American Medical Informatics Association (AMIA) and American Health Information Management Association (AHIMA) 2008 Joint Workforce Task Force: Health Information Management and Informatics core competencies for individuals working with electronic health records. https://www.amia.org/files/shared/Workforce_2008.pdf viewed 22 January 2010]  [28:  American Medical Informatics Association (AMIA) and American Health Information Management Association (AHIMA), 2005 Building the Workforce for Health Information Transformation.  http://www.ahima.org/emerging_issues/Workforce_web.pdf ] 

Another AMIA initiative in 2005 was the result of an annual meeting discussion was to obtain funding to support the formal development of clinical informatics certification for clinical professions beginning with Medicine[endnoteRef:29]. Work by two interdisciplinary teams commissioned by AMIA began in 2007 to create two documents, 1) Core Content[endnoteRef:30] and 2) Program Training Requirements[endnoteRef:31] for clinical informatics which were endorsed by the AMIA Board and published in 2008. These documents enabled the American Board of Medical Specialties (ABMS) to create the medical subspecialty of clinical informatics. [29:  Detmer D Defining the Medical Subspecialty of Clinical Informatics. JAMIA PrePrint: Accepted Article. Published December 2008 as doi:10.1197/jamia.M3094 ]  [30:  Gardner R.M, Overhage J, Steen E, Munger B, Holmes J, Williamson J, Detmer D. Core Content for the Subspecialty of Clinical Informatics, JAMIA PrePrint: Accepted Article. Published December 2008 as doi:10.1197/jamia.M3045]  [31:  Safran C, Shabot M, Munger B, Holmes J, Steen E, Lumpkin J, Detmer D Program Requirements for Fellowship Education in the Subspecialty of Clinical Informatics. JAMIA PrePrint: Accepted Arcticle. Published December 2008 as doi:10.1197/jamia.M3046] 

Similarly nursing stakeholders in the USA were brought together in 2004 for the Technology Informatics Guiding Education Reform (TIGER) initiative to develop a shared vision, strategies and specific actions for improving nursing practice, education and the delivery of patient care through the use of health information technology. A summit was held in 2006 from which a report containing a 3 year action plan and a 10 year vision was published[endnoteRef:32]. Nine collaborative teams were formed of which five focused on how to prepare nurses to practice in this digital era (workforce development). Each team researched ‘What does every practicing nurse need to know about this topic? The TIGER Informatics Competencies Collaborative (TICC) assisted with the development of a minimum set of informatics competencies .that all nurses need to have to practice today. Competencies were developed following literature review, a survey of nursing informatics education, research and practice groups. They are grouped according basic computer competencies, information literacy and information management, including use of an EHR. A summary report of these activities is available via their website[endnoteRef:33]. The TIGER vision guiding all activities is to: [32:  TIGER Summit Report 2006 Evidence and Informatics Transforming Nursing: 3 year Action Steps toward a 10 year vision. http://www.tigersummit.com/Summit.html viewed 25 January 2010]  [33:  Collaborating to Integrate Evidence and Informatics into Nursing Practice and Education”  2008 http://www.tigersummit.com/9_Collaboratives.html viewed 25 January 2010] 

Allow informatics tools, principles, theories and practices to be used by nurses to make healthcare safer, effective, efficient, patient-centered, timely and equitable.
Interweave enabling technologies transparently into nursing practice and education, making information technology the stethoscope for the 21st century  
Seven pillars of the TIGER vision have been adopted as their framework, covering management and leadership, education, communication and collaboration, informatics design, information technology, policy and culture. This initiative was able to build on extensive previous studies undertaken between 1987 and 2002 and tested via a credentialing process managed by the American Nurses Credentialing Center since 1995[endnoteRef:34]. [34:  Saba V, Skiba D, Bickford C Competencies and Credentialing: Nursing Informatics. In: Hovenga E and Mantas J 2004 Global Health Informatics Education, IOS Press, Amsterdam ] 



Canada
Canada’s Health Informatics Association (COACH) has built on a series of past research and discussion papers that set out options for and pathways to the development of standards of professional practice[endnoteRef:35]. As a result they published a set of ethical principles and identified professional core competencies in 2007. Their first phase was to define HI, the second phase consisted of the derivation of an initial list of core competencies from existing HI competency frameworks selected on the basis of commonality among categories. This resulted in seven categories for which competency statements from the source documents were sorted, minimizing redundancy. Phase three consisted of revising this list at a two day workshop attended by 15 representatives from the HI profession from across Canada. The new draft was then reviewed by an additional eight content experts whose feedback was considered by the COACH HIP Steering Committee and Board who made further improvements and refinements.  [35:  COACH Health Informatics Professional Core Competencies, 2007 http://www.coachorg.com/career_development/professionalism/advancing_the_profession.htm viewed 26 January 2010] 

United Kingdom
The Association for Informatics Professionals in Health and Social Care (ASSIST), a part of the British Computer Society has as its objective to develop professional standards, and to work with other bodies including government to provide a voice for informatics professionals. In 2006 this group commissioned an external organisation to undertake a survey of the NHS England Health Informatics workforce that was supported by NHS Connecting for Health and the Information Centre for Health and Social Care. The survey was designed as an interim basis for formal workforce planning activities. The questionnaire used the categories of staff originally used in 2002[endnoteRef:36], for the first step of the development of a national HI human resources framework. This document described the following NHS staff groups, ICT, Health Records, Knowledge Management, Information Management, HI senior managers and directors of services, clinical informatics. The 2006 survey identified clinical coding staff separately. A pilot was undertaken and improvements were made. The survey was entirely web based, the launch messages were sent to all staff via all trusts, PCT and other informatics leads in all regions, there was no central register of NHS informatics leads and a number of distribution weaknesses were noted. This survey was repeated in 2008 but had a low response rate resulting in an inability to provide comparable figures. These same staff categories have been adopted for the development of the Health Informatics Career Framework (HICF) by the NHS Informing Healthcare and Connecting for Health.  [36:  NHS Evidence Health Management, Making Informaion Counct: A human resources strategy for health informatics professionals. http://www.library.nhs.uk/HEALTHMANAGEMENT/ViewResource.aspx?resID=27766 viewed 26 January 2010 ] 

The approach adopted is consistent with the UK Skills for Health approach. This organisation manages the Health Informatics National Occupational Standards (HINOS) originally develop during 2003 to 2004 and submitted for approval by the Accrediting Bodies in 2004. Many of these standards were ‘imported’ from the work of other Sector Skills Councils and Standards Setting Bodies. It is now becoming apparent that there is an increasing alignment with Healthcare Science NOS from a health informatics perspective. These standards have associated ‘skills for health competences’, were reviewed and updated in 2006 and are again under review in 2010 based on the 2009 HICF[endnoteRef:37]. The drivers for change were identified as technological change, changes in the delivery of service and change in the scope of Health Informatics as identified by desk research and at a 2009 workshop their impacts are detailed in their scoping report and gap analysis document. The website indicates that consultations close on 12 February 2010. This project is expected to be completed by March 2010. [37:  Skills for Health – Health Informatics http://www.skillsforhealth.org.uk/competences/competences-in-development/health-informatics.aspx viewed 26 January 2010.] 

European Commission
IT Eductra[endnoteRef:38], and the Nightingale project[endnoteRef:39], [38:  http://www.ehto.org/ht_projects/initial_project_description/it_eductra.html ]  [39:  http://www.ehto.org/ht_projects/initial_project_description/nightingale.html ] 


4. Health Informatics body of knowledge: scope, categories and bounderies
· Explore how the scope and boundaries of the Health Informatics body of knowledge can best be categorised and described as a field of education
There is a need to outline the Health Informatics body of knowledge in order to provide a national framework for use by the range of education and training providers who may design and review curricula suitable to meet the health industry’s workforce capacity needs. Such a body of knowledge framework provides the building blocks for identifying the required HI competencies. These need to reflect the ideal health workforce HI knowledge, skill and behaviour capacity. Many of these competencies will have shared relevance across the many different roles, functions and career structure levels, indicating where the various professional and job based activities fit within the overall scope of Health Informatics. 
Various HI competency studies have made an attempt to do this resulting in a variety of frameworks one could adopt, these competency studies are listed in chapter 5. One can also be guided by the knowledge frameworks adopted by associated disciplines, such as HIMAA, ACS, ACI. However one needs to be mindful of the fact that although the knowledge concept labels may be the same or have a similarity, for Health Informatics these labels are very likely to have different meanings or rather they need to be viewed from a different perspective resulting in different required competencies. IT professionals are about making the technology function, the health workforce is about using these technologies to support the business of delivering and managing health care services. There are professional interdependencies. The nursing profession has been engaged in the development of the nursing informatics body of knowledge for many years although it has not been defined as such[endnoteRef:40] [endnoteRef:41].     [40:  Mantas J Developing curriculum in nursing informatics in Europe, International Journal of Medical Informatics 1998: 50:123-132]  [41:  Mantas J (Ed) Advances in Health Telematics Education: A NIGHTINGALE perspective.  Studies in Health Technology and Informatics 1998 Vol. 51, IOS Press Amsterdam] 

It was previously noted that those working in or associated with the Health Informatics field are having difficulty reaching agreement on the scope and content of this very broad interdisciplinary field that can also be studied in great depth adding to the complexity. In essence it’s about IT enabling the provision and processing of the raw data and knowledge, and health informatics making sense of it for the purpose of managing the business of providing health care services from personal, local, organisational, national and international perspectives.  
Musen[endnoteRef:42] made an attempt to identify the underlying principles that can provide a theory that is unique to medical informatics and can be clearly differentiated from that of computer science or other related fields of education. He noted that our difficulty continues to be in how well we are able to articulate a set of fundamental assumptions to others explaining why HI artifacts are successful in terms of some underlying theory or set of basic principles that differs from those that are applied to for example computer science or software engineering. He concluded that the use of ontology development and problem solving methods is likely to move us closer to a theoretical basis for this field of study. This is a project within the AHIEC strategic workplan.  [42:  Musen M.A Medical Informatics: Searching for Underlying Components. Methods of Information in Medicine 2002; 41:12-9 ] 

Maojo et al[endnoteRef:43] adapted a classical ACM and IEEE report on computing as the basis for their analysis of the medical informatics discipline from three different perspectives, theory, abstraction and design. Their adoption of this framework resulted in their conclusion that medical informatics has an independent scientific character, that differs from other applied informatics areas. These three perspectives essentially describe the basic professional roles in medical/health informatics and could form the basis for curriculum development. This strong scientific research approach clearly demonstrates the results of discipline integration as required in health informatics. These authors undertook their analysis based on 4 phases of HI theory development, 1) characterise objects of study, 2) hypothesize relationships among them, 3) determine whether the relationships are true and 4) interpret results. There were another 4 steps associated with abstraction, these were 1) frm a hypotheisis, 2) construct a model and make a prediction, 3) design an experiment and collect data, and 4) analyse results. The 4 basic design steps for developing computer applications in medicine/health were listed as 1) state requirements, 2) state specifications, 3) design and implement the system and 4) test the system. Data mining was used to demonstrate and to provide a proof of concept. What this shows is the need for health informaticians to have sufficient knowledge and skills in a number of areas enabling them to integrate this knowledge to meet the specific HI challenges such as for example [43:  Maojo V, Martin F, Crespo J, Bilhardt H Theory, Abstraction and Design in Medical Informatics. Methods of Information in Medicine 2002; 41: 44-50 ] 

· ontology based reference models of organisation and classification of concepts and images, or
· selecting and linking genomic data with specific patient data and management, including security and ethical issues, or
· standardisation of clinical vocabularies and automated retrieval of data from clinical repositories linked to information from public databases, or
· cost-effectiveness analysis, or
· integration and validation of information, or
· integration of clinical study designs (eg clinical trials) and knowledge discovery in databases.     
Kulikowski[endnoteRef:44] investigated the ‘semantic web within which medical informatics is defined’ and noted the change in the scope or spectrum of the discipline over time at one with an integration of bioinformatics (micro level) and at the other end with environmental medicine/epidemiology   (macro level). This micro level is supported by Martin-Sanchez et al[endnoteRef:45] who reviewed and analysed the different health information levels from an organisational complexity perspective. A model explaining the interactions between health informatics, bioinformatics and molecular medicine was developed. Haux[endnoteRef:46] focused on the major aims to be achieved listed as: 1) patient-centered use of medical data, 2) process-integrated decision support using high quality medical knowledge and 3) comprehensive use of patient data for clinical research and health reporting. He noted that research was needed on electronic patient record, modern architectures for health information systems and medical knowledge bases together with well trained health informaticians to enable the necessary transformation in health care to be realised. [44:  Kulikowski C.A The Micro-Macro Spectrum of Medical Informatics Challenges: From molecular medicine to transforming health care in a globalizing society. Methods of Information in Medicine 2002; 41: 20-4 ]  [45:  Martin-Sanchex F, Maojo V, Lopez-Campos G. Integrating Genomics into Health Information Systems. Methods of Information in Medicine 2002; 41: 25-30 ]  [46:  Haux R, Health Care in the Information Society: What should be the role of Medical Informatics? Methods of Information in Medicine 2002; 41: 31-5 ] 

The International Medical Informatics Association (IMIA) first published its recommendations in 2000 after several years of work by a international task force. These were reviewed and updated in 2010. Its structural outline is based on their recognition that all healthcare professions require training and education in health and medical informatics to enable them to provide good quality healthcare and that this was required to be delivered:
· In different modes of education
· With different, alternate types of specialisation in health and medical informatics
· At various levels of education reflecting career progression.
In addition it was noted that there must be qualified teachers enabling the graduates to have recognised qualifications for health and medical informatics positions. 
The educational needs were described as a three-dimensional framework with dimensions ‘professional in healthcare’, type of specialisation in health and medical informatics’ and ‘stage of career progression’. Recommended learning outcomes focus on core knowledge and skills required. They are provided for both IT users and HMI specialists noting that various levels concerning depth and breadth of learning outcomes exist. They were listed according to 1) methodology and technology for the processing of data, information and knowledge in medicine and healthcare (core biomedical and health informatics knowledge/skills), 2) Medicine, Health and Biosciences, Health System Organisation , 3) Informatics/Computer Science, Mathematics, Biometry. The 2010 updated version includes a diagram showing biomedical and health informatics at the centre with many related fields including seven overlapping areas, a)medical information science, b)medical chemo-informatics, c) clinical informatics, d) medical (translational) bioinformatics, e) public health informatics, f) medical nano informatics and g) medical imaging and devices.
The COACH professional core competencies includes a conceptual framework and concise definition of health informatics. Coach contracted with an independent company to provide the methodology, research capacity and rigour required for the development of the professional core competencies. More than 50 HI definitions were found from relevant sources. These data were thematically analysed from which the content was synthesized into an initial working definition. The final definition is as follows:
‘Health informatics (HI) is the intersection of clinical, IM/IT and management practices to achieve better health’.

5. HI Workforce Career Structures: roles, functions and competencies
· Explore workforce competency needs relative to career structures, roles and functions. 
Australia has recognised the need for health workforce HI competency for many years primarily in the area of nursing informatics[endnoteRef:47][endnoteRef:48][endnoteRef:49][endnoteRef:50] and for general practitioners. An education workshop was held in Brisbane in 1993 in conjunction with HISA’s inaugural Health Informatics Conference with the aim to identify health informatics competencies required by various health workers. A list of core and desirable competency/course components were identified. One of the recommendations was to establish a national authority; we’ve finally managed to do that with the establishment of AHIEC in 2009! As early as 1986 the Association of American Medical Colleges[endnoteRef:51] expressed the view that ‘medical informatics is basic to the understanding and practice of modern medicine’.  In 1992 the Australian Medical Council[endnoteRef:52] indicated that: [47:  Ashton C, Computer Education and Training for Nurses, Information Processing – Challenges and Choices for Nurses Proceedings of the College of Nursing Australia 7th National Conference, Melbourne 1985]  [48:  Royal Australian Nurses Federation, 1984 Computerised Patient Data and Nursing Information Systems: Some considerations, RANF Melbourne.]  [49:  Royal Australian Nurses Federation, 1988 Information Processing, a practical guide to the use of computers in Nursing, RANF, Melbourne ]  [50:  Wise M Competencies for Information Management, Informatics in Healthcare, Australia 1994 Vol.3 No.1 p.13]  [51:  Association of American Medical Colleges. Medical Education in the Information Age. Washington DC: AAMC 1986]  [52:  Australian Medical Council Inc. The assessment and Accreditation of Medical Schools by the Australian Medical Council, August 1992.] 

‘Graduates completing basic medical education (prior to the intern year(s)) should have the following skills: 
· The ability to use computers for learning, literature searches, and other applications of use in medical practice.
Despite these previous activities, Australia has not managed to develop agreed health workforce competency needs relative to the many and varied roles and functions undertaken within the health industry other than the Australasian College of Health Informatics endorsed Health Informatics Educational Framework[endnoteRef:53]. The Royal College of Nursing, Australia announced that it will be undertaking the International Computer Drivers Licence (ICDL) online training program as a Continuing Professional Development (CPD) project as from late 2009.  [53:  Garde S, Hovenga E, Australian Health Informatics Educational Framework, http://www.achi.org.au ] 

The NHS has supported the health workforce to obtain the European Computer Driving Licence[endnoteRef:54] for a few years. The learning materials were made available through an online portal to encourage as many staff as possible to obtain the qualification. One evaluation study[endnoteRef:55] found that the ECDL graduate staff saved an average of 38 minutes a day because they were no longer struggling with IT. This also significantly reduced the need for these staff to call on IT support. In 2008 this was replaced by two new qualifications[endnoteRef:56]:  [54:  European Computer Diving Licence (ECDL) http://www.bcs.org/server.php?show=nav.5829 ]  [55:  Murphy J Gaining Support from Health Disciplines and Other Stakeholders. In: Hovenga E, & Mantas J (Eds) 2004 Global Health Informatics Education p. 42, IOS Press, Amsterdam]  [56:  Essential IT Skills http://www.connectingforhealth.nhs.uk/systemsandservices/etd/eits viewed 24 January 2010] 

NHS ELITE (NHS eLearning IT Essentials) covers essential IT skills, such as how to use a keyboard and mouse through to file management, web and email skills.
1. NHS Health (NHS eLearning for Health Information Systems): covers essential information to ensure users comply with information governance, data protection and patient confidentiality requirements. 
The latter set of competencies appears to be similar to those developed by AMIA for EHR users[endnoteRef:57].  [57:  American Medical Informatics Association (AMIA) and American Health Information Management Association (AHIMA) Joint Workforce Task Force: Health Information Management and Informatics core competencies for individuals working with electronic health records. https://www.amia.org/files/shared/Workforce_2008.pdf viewed 22 January 2010] 

The NHS is very active in this area. eHealth Insider[endnoteRef:58] published a 32 page brochure that explains Health Informatics in terms of a career pathway based on work undertaken by Jean Roberts, who Chaired the Medinfo2001 conference in London, and the NHS Health Informatics Career Framework. It’s a nice example of marketing the HI discipline for the purpose of recruitment.  Its primary focus is on clinical education for which a framework for the health informatics learning outcomes recommended for inclusion into clinical educational programmes was developed. This is explained further in the next section. This document has identified the following ‘things health informatics practitioners do: [58:   Elan Health Health Informatics: a career for the future 2008 http://www.e-health-insider.com/img/document_library0282/Elan_Health_careers_booklet.pdf  p. 7 viewed 20 January 2010] 

· Information analysis
· Designing and delivering tools to handle health data
· Business analysis
· Working alongside finance teams to ensure that NHS trusts get paid for their work and best use of resources
· Working alongside commissioning teams to make sure the NHS spends its money wisely
· Data quality and security
· Policy development’
In terms of HI career opportunities they identified the following areas based on the NHS career framework and noted that these were not mutually exclusive as at times these areas are combined and they often overlap.
· Information management: collecting, collating, analysing and presenting information to different audiences, including professional, managerial and lay people.
· Clinical Coder: translating medical terminology as written by the clinician to describe a patient’s complaint, problem, diagnosis, treatment or reason for seeking medical attention, into a coded format that is nationally and internationally recognised. All the care provided by the NHS is coded and it is the basis for payments and monitoring activity profiles.
· Clinical Governance: requires the provision and analysis of high quality information as this is central to good clinical governance.
· Knowledge management: handling and evaluating a complex evidence base, coming from multiple national and international academic/commercial and operational sources.
· Research and Development: bringing new tools to market, testing and applying innovative theories, developing standards, and evaluating tools and techniques for future implementation.
· ICT: ensuring that solutions operate efficiently, users can get the best out of their use, and new technologies and systems are robustly tested before deployment.
· Specialist clinical informatics: applying informatics systems in areas that require a deep knowledge of clinical conditions, disease knowledge and close involvement in direct patient care.
These occupational groups have formed the basis for the UK Health Informatics National Occupational Standards (HINOS) and associated skill requirements as described previously. From a competency and education perspective these role divisions could be used as the basis for developing specific curricula to match potential career pathways. But we also need to be cognisant of what is to come and prepare our graduates accordingly, current roles will need to change over time. The delivery of Health services is subject to constant change resulting from environmental changes, new medical and technology advances, demographic changes, changes in consumer demand, changes in health workforce expectations, new policy initiatives. For example a fundamental requirement we are all working towards achieving is for future systems to be ‘engineered for seamless sharing of data, with built-in guarantees of accurate updating and ways to verify a patient’s identity’[endnoteRef:59]. Achieving this vision requires us to consider multiple associated roles and highlights the need for interdisciplinary teamwork. Learning outcomes and competencies must reflect these aspects of HI roles as well as project and program management. As a result of new policy initiatives there is now a greater need for clinical coding, this continues to be done manually in most instances but this role is expected to become automated over time. It’s important to be aware of continuing changes in the number of positions required by role in the health informatics workforce based on changes in technology use and overall service demands. There is a website[endnoteRef:60] linked to a searchable database of current Health Informatics qualifications and courses available across England . [59:  Advance Health Informatics, National Academy of Engineering http://www.engineeringchallenges.org/cms/8996/8938.aspx viewed 23 January 2010]  [60:  Health Informatics Qualification Finder http://www.hiqualificationsfinder.org.uk/ viewed 24 January 2010] 

6. Competency structured frameworks
· Evaluate available workforce competency structures with the potential to be adopted as a framework to assist career structure and curriculum development
There is no shortage of competencies in health informatics. The table below provides an inventory (modified from Hersh 2010). 
	Organization (Reference)
	Year
	Discipline

	Association for Computing Machinery[endnoteRef:61]  [61:  Duncan KA, et al. Health Computing: Curriculum for an emerging profession - report of the ACM curriculum committee on health computing education. Proceedings of the 1978 ACM Annual Conference/Annual Meeting. 1978. Washington, DC: ACM Press. 277-285. http://portal.acm.org/ft_gateway.cfm?id=804112&type=pdf&coll=GUIDE&dl=GUIDE&CFID=47975758&CFTOKEN=19987037] 

	1978
	Computer science

	IMIA Nursing Informatics[endnoteRef:62] [62:  Peterson H E, Gerdin-Jelger U, Preparing Nurses for Using Information Systems: Recommended Infrmaics Competencies. National League for Nursing NY, USA ] 

	1988
	Nursing Informatics

	New Zealand Ministry of Education[endnoteRef:63]. [63:  New Zealand Ministry of Education  Guidelines for teaching Nursing Informatics, 1989, Wellington, NZ] 

	1989
	Nursing Informatics

	Masters of Nursing Research Study[endnoteRef:64] [64:  Carter B 1991 Computer Learning Needs of Registered Nurses Practising in Victorian Teaching Hospitals. Masters of Nursing (Research), Latrobe University, Melbourne] 

	1991
	Nursing Informatics

	German Association for Medical Informatics, Biometry and Epidemiology [endnoteRef:65] [65:  Haux R, et al., Recommendations of the German Association for Medical Informatics, Biometry and Epidemiology for education and training in medical informatics. Methods of Information in Medicine, 1992. 31: 60-70.] 

	1992
	Informatics

	Association of American Medical Colleges[endnoteRef:66]  [66:  Anonymous, Medical School Objectives Project: Medical Informatics Objectives. 1999, Association of American Medical Colleges: Washington, DC, http://www.aamc.org/meded/msop/start.htm.] 

	1999
	Medical students

	University of Pittsburgh Center for Dental Informatics [endnoteRef:67] [67:  Schleyer T, Competencies for Dental Informatics V 1.0. 1999, University of Pittsburgh Center for Dental Informatics: Pittsburgh, PA, http://www.dental.pitt.edu/informatics/competencies.php] 

	1999
	Dentistry

	International Medical Informatics Association[endnoteRef:68] [endnoteRef:69] [68:  Haux et al , Recommendations of the International Medical Informatics Association (IMIA) on education in health and medical informatics. Methods of Information in Medicine, 2000. 39: 267-277. http://www.imia.org/pubdocs/rec_english.pdf]  [69:  John Mantas, Elske Ammenwerth, George Demiris, Arie Hasman, Reinhold Haux, William Hersh, Evelyn Hovenga, K. C. Lun, Heimar Marin, Fernando Martin-Sanchez, Graham Wright , Recommendations of the International Medical Informatics Association (IMIA) on Education in Biomedical and Health Informatics  First Revision, Methods of Information in Medicine 2010 49: - 10.3414/ME5119. http://www.schattauer.de/en/magazine/subject-areas/journals-a-z/methods/contents/preprint-online/07th-jan-2010.html] 

	2000
2010
	Informatics

	UK National Health Service[endnoteRef:70] [endnoteRef:71] [70:  Anonymous, Health Informatics Competency Profiles for the NHS. 2001, National Health Service Information Authority: London, England, http://www.nhsia.nhs.uk/nhid/pages/resource_informatics/hi_competencyprofiles.pdf]  [71:  NHS Connecting for Health Learning to Manage Health Information: a theme for clinical education. http://www.connectingforhealth.nhs.uk/systemsandservices/capability/health/hidcurriculum/brochure.pdf. viewed 22 January 2010] 

	2001
2009
	Informatics
Clinical Informatics

	American Nurses Association [endnoteRef:72] [72:  Staggers N, Gassert CA, and Curran C, A Delphi study to determine informatics competencies at four levels of practice. Nursing Research, 2002. 51: 383-390. ] 

	2001
	Nursing

	University of Waterloo, Canada [endnoteRef:73] [endnoteRef:74] [73:  Covvey HD, Zitner D, and Bernstein R, Pointing the Way: Competencies and Curricula in Health Informatics. 2001, University of Waterloo: Waterloo, Ontario, Canada, http://www.cs.uwaterloo.ca/health_info/health_docs/CurriculaMASTERDocumentVersion1Final.zip]  [74:  Covvey HD, personal communication dcovvey@csq.uwaterloo.ca 1 June 2009] 

	2001
2009
	Informatics

	Northwest Center for Public Health Practice [endnoteRef:75] [75:  O'Carroll PW, Informatics Competencies for Public Health Professionals. 2002, Northwest Center for Public Health Practice: Seattle, WA, http://healthlinks.washington.edu/nwcphp/phi/comps/phi_print.pdf] 

	2002
	Public health professionals

	American Association of Critical-Care Nurses [endnoteRef:76] [76:  Curran CR, Informatics competencies for nurse practitioners. AACN Clinical Issues, 2003. 14: 320-330.] 

	2003
	Nurse Practitioners

	American College of Medical Informatics[endnoteRef:77]  [77:  Friedman CP, et al., Training the next generation of informaticians:  the impact of 'BISTI' and bioinformatics; a report from the American College of Medical Informatics. Journal of the American Medical Informatics Association, 2004. 11: 167-172.] 

	2004
	Bioinformatics

	Commission on Accreditation for Health Informatics and Information Management Education[endnoteRef:78] [endnoteRef:79] [78:  Anonymous, Standards for Health Information Management Education - Baccalaureate Degree Program Standards. 2005, Commission on Accreditation for Health Informatics and Information Management Education (CAHIIM): Chicago, IL,]  [79:  Anonymous, Standards for Health Information Management Education - Associate Degree Program Standards. 2005, Commission on Accreditation for Health Informatics and Information Management Education (CAHIIM): Chicago, IL, http://library.ahima.org/xpedio/groups/public/documents/accreditation/bok1_026306.pdf] 

	2005
	Health Information Management

	Central Queensland University[endnoteRef:80]  [80:  Garde S and Hovenga E, Australian Health Informatics Educational Framework. 2006, Australian College of Health Informatics: Brunswick East, Australia, http://www.achi.org.au/documents/publications/Health_Informatics_Educational_Framework_20060326.pdf] 

	2006
	Informatics

	Journal of Internet Research [endnoteRef:81] [81:  Ivanitskaya L, O'Boyle I, and Casey AM, Health information literacy and competencies of information age students: results from the interactive online Research Readiness Self-Assessment (RRSA). Journal of Medical Internet Research, 2006. 8(2): e6. http://www.jmir.org/2006/2/e6/.] 

	2006
	“Information age” students

	Royal College of Nursing, London[endnoteRef:82] [82:  Copping M 2006 RCN Competencies: an integrated career and competency framework for information sharing in nursing practice. Royal College of Nursing, London.] 

	2006
	Information Sharing in Nursing

	Medical Library Association [endnoteRef:83] [83:  Anonymous, Health Information Science Knowledge and Skills. 2007, Medical Library Association: Chicago, IL, http://www.mlanet.org/education/platform/skills.html.] 

	2007
	Health Science Librarians

	University of Washington Center for Public Health Informatics [endnoteRef:84] [84:  Karras B, Public Health Informatics Competencies. 2007, Center for Public Health Informatics: Seattle, WA, http://cphi.washington.edu/competencies] 

	2007
	Public Health Informatics

	Methods of Information in Medicine [endnoteRef:85] [85:  Pigott K, et al., An informatics benchmarking statement. Methods of Information in Medicine, 2007. 46: 394-398.] 

	2007
	Informatics

	American Medical Informatics Association (AMIA 10x10 [endnoteRef:86] [endnoteRef:87] [86:  Hersh W, Course Description - AMIA-OHSU 10x10 Course. 2008, American Medical Informatics Association: Bethesda, MD, http://www.amia.org/10x10/partners/ohsu/description.asp]  [87:  American Medical Informatics Association (AMIA) and American Health Information Management Association (AHIMA) Joint Workforce Task Force: Health Information Management and Informatics core competencies for individuals working with electronic health records. https://www.amia.org/files/shared/Workforce_2008.pdf viewed 22 January 2010] 

	2008
	Informatics, EHR Usage

	Wu, Chen & Greenes[endnoteRef:88] [88:  Wu J, Chen Y, Greenes R. Healthcare technology management competency and its impacts on IT-healthcare partnerships development. International Journal of Medical Informatics 2009 Vol.78 p.71-82 ] 

	2009
	Healthcare technology management

	Australian Nurses Federation[endnoteRef:89] [89:  Foster J, Bryce J Australian Nursing Informatics Competency Project. In: CD NI2009 Proceedings , Saranto K, Brennan P, Park H, Tallberg M, Ensio A (Eds) IOS Press, Amsterdam] 

	2010
	Nursing Informatics


Some of the characteristics of these studies have been selected as significant and are now presented in more detail. The table above includes a number of Australian and New Zealand competency studies undertaken over the years, mostly in the area of nursing informatics. The work undertaken for Central Queensland University was based on a national survey. 
Work on defining the HI workforce and required competencies by Covvey and Zitner[endnoteRef:90] began in 1999. This continues to be a work in progress. Their very comprehensive 2 year initial study has been shared with many researchers and is frequently quoted. Workshops with around 30 key stakeholder participants were used initially, one for Applied HI, another for Research and Development HI and another for Clinical HI. Each working Group listed and defined macro-roles, complete with associated micro-roles (functions) and detailed skills and knowledge (competencies) required to address each micro-role. This was at first used for curriculum development and later for the COACH Career Matrix along with other documents. The associated competency framework covers three traditional disciplines, 1) Information Sciences (incl. IT and Information Management), 2) Health Sciences (incl. Clinical and Health Services and the Canadian Health System) and 3) Management Sciences (incl. Analysis and Evaluation, Organisational and Behavioural Management and Project Management) with the COACH Health Informatics Professional (HIP) Core Competencies in the centre of all three disciplines[endnoteRef:91].      [90:  Covvey D, Zitner D and Bernstein R Pointing the Way: Competencies and Curricula in Health Informatics http://www.informatics-review.com/thoughts/pointing.html viewed 26 January 2010]  [91:  COACH Health Informatics Professional Core Competencies, 2007 http://www.coachorg.com/career_development/professionalism/advancing_the_profession.htm viewed 26 January 2010] 

The AMIA Workforce Task Force developed an ‘EHR core competencies matrix tool’ consisting of five levels:
1. Health information literacy and skills
2. Health informatics skills using the EHR
3. Privacy and confidentiality of health information
4. Health information/data technical security
5. Basic computer literacy skills
These competencies were derived at following an extensive study of medical informatics courses taught in American higher education institutions followed by an examination of the US Veteran Administration and major hospital based information systems[endnoteRef:92]. Their objective was to determine the manner in which such systems receive and display patient health information.  This set of competencies is tested via a credentialing examination. Topics covered by the Digital Patient Record Certification exam are organized according to the following specific areas: [92:  Digital Patient Record Certification http://www.dprcertification.com/benefits.html viewed 22 January 2010] 

· Healthcare Information Systems (HIS)
· Professional and legal issues with digital patient records
· HIPAA
· Principles of computer and data security
· Valid record entries
· Navigating within a digital patient record and across digital patient records.
It is apparent that these competencies essentially describe how clinicians need to apply their professional codes of practice in a digital environment. There is no mention of the competency requirements for those who develop or implement clinical/EHR systems in terms of ensuring that those systems are able to meet these professional codes of practice and general optimal clinical workflow needs. This applies equally to competency development work under taken in the UK for medical and nursing clinicians. A significant development has been their Embedding Informatics into Clinical Education project for which a 2009 edition of Learning to Manage Health Information document. The first edition was developed in 1999, this 2009 updated edition was developed to provide a framework that consolidates learning outcomes in health informatics for clinicians which should be embedded into all clinical educational programmes. This document provides a valuable reference standard and benchmark. It covers eight main HI themes considered to be most relevant to clinicians:
1. Protection of Individuals and Organisations
2. Data, Information and Knowledge
3. Communication & Information Transfer
4. Health & Care Records
5. The Language of Health: Clinical Coding & Terminology
6. Clinical Systems & Applications
7. eHealth: the Future Direction of Clinical Care
8. Essential IT skills needed to support the above.
Learning outcomes for each of these are described in the 2009 edition of the NHS Connecting for Health document[endnoteRef:93]. This work forms part of several measures undertaken by the UK NHS to promote Health Informatics as a possible career pathway based on their HI Career Framework detailed previously.  [93:  NHS Connecting for Health Learning to Manage Health Information: a theme for clinical education. http://www.connectingforhealth.nhs.uk/systemsandservices/capability/health/hidcurriculum/brochure.pdf. viewed 22 January 2010 ] 

The UK Royal College of Nursing has developed a competency framework for information sharing in nursing practice. This is defined as ‘the transfer of information about an individual verbally, in writing, electronically, as images or video from one person/place to another’. This is an extension of their core competency framework. Again the focus was very much on competencies required to implement the RCN’s position statement based on their professional code of practice, health policies, such as inter-agency working and person centred care pathways, and the latest UK’s four countries’ legislative changes and organisational differences. They expanded on previous work undertaken by the NHS giving more detail of specific nursing and midwifery knowledge and practice competency requirements at different career levels. This highlights the possibility that clinical users may have unique codes of practice, that professional roles differ in terms of legislative requirements’ interpretation that need to be reflected in clinical system design to enable these users to apply their required competencies.
6. Workforce capacity building gaps
· Identify Australian gaps that need to be addressed
Some of the UK, Canadian and USA studies described previously did consider national e-health policies, health system or workforce vision statements to arrive at required knowledge and skills to some extent but there was little if any evidence of a rigorous scientific analysis. It’s important to not only consider these from a national perspective but there is also a need to consider international developments such as those from the World Health Organisation (WHO), the directing and coordinating authority for health within the United Nations system. WHO is responsible for providing leadership on global health matters, shaping the health research agenda, setting norms and standards, articulating evidence-based policy options, providing technical support to countries and monitoring and assessing health trends (www.who.int/about/en/. WHO manages the family of international classifications (www.who.int/classifications/en/ ), the Center for Nursing Minimum Data Set Knowledge Discovery (www.icn.ch/icnp_collaboartions.htm  and the International Classification of Nursing Practice (ICNP) (www.nursing.umn.edu/ICNP ) that is now being incorporated into SNOMED CT managed by ITHSDO. Similarly all ISO TC215 work along with national standards development activities also need to be considered. 
HISA’s 2007 health system vision statement
IOM Quality Chasm vision
7. HI Knowledge Framework for accreditation and Credentialing
· Develop a knowledge framework for educational program accreditation building on available knowledge about Health Informatics workforce capacity building on competency developments. 

On October 2008, the American Medical Informatics Association (AMIA)[endnoteRef:94] launched their Digital Patient Record Certification exam and study guide tailored specifically for healthcare workers and novice clinicians who must input, retrieve, and understand digital patient records that are contained in a health information system (HIS). The competencies adopted for testing were derived from an extensive study of medical informatics courses taught in American higher education institutions. In addition Health Information Systems in use by the US Veterans Administration and major hospitals were used to determine the manner in which such systems receive and display patient health information. The DRPC certification[endnoteRef:95] was written to assess the complexity of information found in these settings. The instrument is endorsed by AMIA. In addition the American Nurses Credentialing Center has managed Informatics Nurse Certification since 1995. [94:  AMIA Media Release October 14, 2008 DPRC™ - Digital Patient Record Certification Examination and Study Guide http://www.amia.org/files/DPRCertification_ExamandStudyGuidePressRelease.pdf ]  [95:  Digital Patient Record Certification™ http://www.dprcertification.com.benefits.html viewed 22 January 2010  ] 

The UK Council for Health Informatics Professions (UKCHIP) was formed in 2002[endnoteRef:96] [endnoteRef:97]with the objective of becoming a regulatory body for all branches of health informatics in the UK. It regards itself as having similar functions to the General Medical Council or the Nursing and Midwifery Council; notably to set appropriate professional standards of qualification, experience and behaviour. Since its launch it’s been supported by a number of organisations including Government departments of health. In Australia HISA established AUSCHIP along these lines but failed to do so in a collaborative fashion, as a consequence it is not supported by other organisations as in the UK. [96:  Roberts J, Hayes G, Health Informatics Needs Regulation and Registration to Add Value Recognition. In: Hovenga E and Mantas J (Eds) Global Health Informatics Education, IOS Press, Amsterdam.]  [97:  UKCHIP http://www.ukchip.org/ viewed 26 January 2010] 

8. Accreditation competency standards currently in use n Australia
HIMAA

ACS


9. Possible role for Australian Learning and Teaching Council 
http://www.altc.edu.au/ 

10. Possible role for e Australian Health Workforce Institute
http://www.ahwi.edu.au/ 
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