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Abstract: Digitalization of the healthcare system requires much more than simply replacing "classic" 

technologies with digital ones. Changes are necessary in many business processes, especially those in 

which the active role of health professions and cooperation with other professions in the digitalization 

process is expected. Therefore, it is necessary for every health profession to be adequately educated 

for the process of digital transformation. The question of topics, their scope, position in the curriculum 

and cooperation with health professions working in the practice of health care is open. 
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Introduction 

According to the general definition, digital transformation is a process that begins with the idea 

of introducing digital technologies into the operations or activities of an organization, 

institution, area or the entire society and lasts until the moment of complete integration of such 

technologies with the operations, activities of that organization, institution, area or the entire 

society. 

It is particularly emphasized that "digital transformation also includes individuals: it is not 

enough to introduce digital technology into business, it is also important to educate employees" 

(1). The main employees in the healthcare system are precisely healthcare professionals, so 

their role in the digital transformation of the healthcare system is unavoidable.  

"Don't do anything for us without asking what we actually need" is a well-known motto used 

in the Declaration on eHealth to emphasize that "informatization projects should not be carried 

out so that users are the last to learn about the project and get to know it when it is finished. It 

would be correct if the users of the system were involved in its design, in testing during 

development, and in evaluation and education after completion. These are the postulates of 

change management." That is why it is important that the users of a future system, as well as 

the future users of that system, are adequately educated for the implementation of changes, that 

is, for a high-quality digital transformation of the healthcare system. 
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What is it all about? 

The fact is that the twenty-first century requires digital literacy in all spheres of human life and 

activity. Thanks to the development of digital technologies and their availability to people 

through an increasingly high-quality information and communication infrastructure, digital 

literacy is becoming more and more common in the population around the world every day. 

However, the twenty-first century, in addition to digital literacy, is also looking for information 

literacy, which entails "recognizing the right information, knowing an efficient way to find it, 

structuring information into new knowledge and disseminating knowledge to those who need 

it" (2). In relation to health and healthcare, information literacy includes the willingness to use 

digital services and the acceptance of data exchange within the healthcare system. Providing 

guidelines for the future strategic use of data in European healthcare systems, the Finnish 

innovation fund Sitra published a Working Document (3) in which it states: 

1. Physician education should be supplemented with knowledge on how to use 

individuals' data to improve disease prevention. 

2. Local authorities responsible for health policy should employ a digitally qualified 

workforce to interpret data by combining different sources in planning new initiatives. 

3. Public health and research institutions should use the data they have. This requires the 

creation of new jobs such as data experts in healthcare institutions. 

4. Governments and the academic community should think from a broader perspective 

when creating new specializations in medical fields, combining medical and 

technological competences, but also offering courses for doctors to strengthen their 

expertise in digital health.  

5. Hospital managers should improve their organizations' digital competence by 

promoting positions such as chief clinical information officer or chief information 

officer. 

Like the guidelines of Sitra, the Committee for eHealth of the Croatian Academy of Medical 

Sciences published the Declaration on eHealth (4) in which it emphasizes the need for: 

• eHealth topics for all healthcare professionals, 

• topics about the healthcare system for professionals in the field of information 

technologies (IT professionals) working in healthcare, 

• creation of joint teams consisting of IT professionals and health professionals. 

On the other hand, given that healthcare professionals (as well as others) handle data in 

healthcare through interactive healthcare information systems, the normative document HRN 

EN ISO 9241-210:2019 "Ergonomics of human-system interaction -- Part 210: Design of 

interactive systems adapted to people" states that such systems should be focused on the needs 

of those who use these systems, i.e. they should be designed according to human needs (i.e. 

Human-centered design). 

Human-centered design is an approach to the development of interactive systems whose goal 

is to make systems usable and useful by focusing on users, their needs and requirements, and 

by applying human factors / ergonomics and usability knowledge and techniques. This 

approach improves the effectiveness and efficiency of the system itself, the better feeling of 

people participating in the system, user satisfaction, accessibility, and sustainability; and 

suppresses possible adverse effects of use on human health, safety, and performance (5). 
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In short, all the mentioned sources emphasize one thing: the education of health and IT 

professions is needed to work together on the development, establishment, evaluation, use and 

continuous improvement of human-centered interactive health information systems. 

In this text, we will limit ourselves exclusively to the education of future health professions 

for the needs of the digital transformation of the health system. 

 

Education of health professionals in information literacy 

There are three possible levels of education for future health professionals: 

• Secondary medical schools and other health-related schools, 

• Health polytechnics, 

• Medical faculties and faculties of other health fields. 

Courses within which future health professionals are educated on the mentioned topics have 

different names. At medical faculties in Croatia, the usual name of the course is "medical 

informatics", and so is the title of the corresponding textbook (6). 

Leading international associations dealing with the issue of information and communication 

technologies (ICT) in medicine and healthcare, such as EFMI (European Federation for Medical 

informatics) and IMIA (International Association for Medical Informatics) have exactly that 

term in their name, i.e. "medical informatics ". For the purposes of this text, the name "medical 

informatics" will be considered a metaphor for the following terms and names: 

• Medical Informatics 

• Health Informatics 

• Biomedical and Health Informatics 

• eHealth 

• mHealth 

• Clinical Informatics 

• Public Health Informatics 

• Nursing Informatics 

• Dental Informatics 

• Digital Health. 

 

Medical informatics in the education of future physicians - 

what and when? 

According to Kern & Fišter (7), many authors long ago recognized medical informatics (MI) 

as a subject in the medical curriculum (8-14). Sancho and colleagues point out that "our main 

goals when planning the MI were to give students a general overview of the use of computers 

in medicine and to instruct them in the use of computers in future medical practice"(11). Coiera 

pointed out the problems and careful use of medical documentation as a basis for the doctor's 

work, but "a problem-oriented medical record is only an instrument that only provides 

information, and the clinician must know when this is enough, and when some other options 

would be a better choice" (12). Greenes claims that "MI now appears in various curricula as a 

separate entity" (10). Shortliffe points to the nature of (bio)medical data, saying that "key 

questions in the field of MI are those relating to the nature of biomedical data and knowledge 
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and their representation and use in computing systems" and, moreover, "from these recurring 

themes numerous topics for new research are initiated", such as experiment planning and 

verification, data and knowledge collection, literature search, diagnosis, treatment planning, 

user interface design, and teaching (9). Coiera insists on the need for medical students to 

understand "the dynamic and uncertain nature of medical knowledge" (12). Also, medical 

students should be able to "maintain up-to-date personal knowledge and skills", "evaluate 

knowledge against scientific facts obtained through statistics", "interpret uncertain clinical data 

and deal with artifacts and errors", "structure and analyze clinical decisions in terms of risks 

and benefits", "apply and adapt clinical knowledge to individual patient circumstances", 

"access, evaluate, select and apply treatment guidelines, adapt them to local circumstances and 

communicate and record variations in treatment plan and outcome", "structure and record 

clinical data in in a form appropriate for the immediate clinical task, for communication with 

colleagues or for epidemiological purposes", and to communicate using "the most appropriate 

communication method for the given task "(12). One article thus states that MI as a field of 

study "requires a firm belief that the practice of medicine in 21th century requires topicality, 

accuracy and literacy with regard to the available and sources of information" (15). Finally, the 

literature on medical (biomedical or health) informatics education, as well as the 

Recommendations of the International Medical Informatics Association (IMIA) (16), clearly 

outline the preferred content of MI education. However, detailed programs with clearly defined 

lectures, seminars and exercises should be adapted to the specific type of study (medicine, 

nursing, etc.) and the students' previous experience in using information and communication 

technology. The next important question is where to place MI in the medical curriculum: at the 

beginning of the studies (the first two years), in the middle or at the end (the last two years). An 

alternative view may be that positioning in the medical curriculum is not important at all (13, 

17). Another possible challenge is "which MI contents should be included in the level of 

postgraduate medical education and how to do it" (17, 18). 

Kao predmet na integriranom preddiplomskom i diplomskom studiju medicine na medicinskim 

fakultetima u Hrvatskoj, Medicinska informatika (MI) se predaje u Zagrebu (peta godina 

studija), Rijeci i Osijeku (druga godina studija). Premda je knjiga Medicinska informatika 

(urednika: Kern, Petrovečki) službeni udžbenik svih četiriju fakulteta, sadržaji i provedba 

nastave se razlikuju od fakulteta do fakulteta. 

Opis situacije na medicinskim fakultetima može se gotovo jednako preslikati i na obrazovanje 

ostalih zdravstvenih profesija (zdravstveni fakulteti, zdravstvena veleučilišta, medicinske škole 

itd.). 

 

Challenging but still unachieved aspirations in medical 

informatics education 

Health care - treatment and prevention, organization and management, quality improvement 

and research - presupposes linking a lot of medical and health data from electronic records 

(medical, health, personal). Modern information technology today has the ability to visualize a 

lot of data because "a picture is worth a thousand words." This was written about a long time 

ago (19) and is being written more and more today (20-22). 

On the other hand, artificial intelligence methods (data mining, machine learning, etc.) make it 

possible to connect data of various types (numerical, encrypted, image, etc.) (23-26) and 

discover new medical knowledge, build or improve existing clinical and other guidelines. 

Furthermore, a multitude of different applications (information systems in hospitals, primary 

health care, public health institutes, etc.) require improvements to existing applications, 
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adaptation to the needs of health professionals (27, 28)). Evaluation of existing applications is 

needed, as well as development of criteria for certification of existing and future applications 

according to human-centered design (HRN EN ISO 9241-210:2019 "Ergonomics of human-

system interaction -- Part 210: Design of human-centered interactive systems") 

All of the above requires the active role of health professionals, and therefore certain knowledge 

in medical informatics. Imposing a solution from any side (e.g., from IT professionals, 

managers, authorities, etc.) cannot result in a quality outcome. Let "Don't do anything for us 

without asking us" be the guiding thread in the process of the digital transformation of medicine 

and health care. 

In order for health professions to really become active in the process of digital transformation 

of health care, a core of medical informatics education (specific for each health profession) 

should be established, based on the consensus of medical informatics teachers with the 

cooperation of health professions - practitioners.   

    

Open questions 

There are several open questions that we must ask ourselves regarding the medical-informatics 

education of future health professionals. Among others, they are: 

1. Is it possible to reach a consensus at the national level that would define a single 

mandatory subject Medical Informatics in the education of future health professions 

(doctors, nurses, etc.)? 

2. Is it possible to determine topics for medical-informatics education of each 

individual health profession? 

3. Can the scope of topics and the method of implementation of medical-informatics 

education be agreed upon? 

4. Can the appropriate position of medical informatics be determined in the 

curriculum? 

5. Is it possible to establish cooperation with clinical (practical) subjects (in which the 

student meets patients) in the realization of medical-informatics education? 

6. Are there any specific medical-informatics topics that can (or should) be the content 

of optional subjects in certain education programs for future health professions? 

Although these questions and issues of post-graduate medical-informatics education of health 

professionals are also discussed within the framework of the existing Working Group for the 

evaluation and development of education in biomedical and health informatics and the 

possibility of employing targeted experts in the Croatian health system (ELVIS) of the Croatian 

Society for Medical Informatics, clear answers we still don't have (29). 
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