N

Tee c0® : [ ] 9 ode
T TR L Al | f9eqe
/ ‘) . . -~ ® - ﬂw ) :. s

E . .
H ; .
® '3
4 . .-
. o
o .

2023, VOLUME 2, N0. 1

EECA

JOURNAL OF MEDICAL AND HEALTH SCIENCES EDUCATION

FOR EASTERN EUROPE AND CENTRAL ASIA

MEDH

ISSN 2783-6797

‘©: cec® a7
R N: | .
ANy
1 S .Q
o | ,A %



ISSN 2783-6797 2023, VOLUME 2, NO. 1

MEDH-EECA

CONTENTS

Public health workforce training: lessons learned over the last decades

LiNas SUMSKAS, RAMUNE KAIEGIENE ...ovoveeeeeeeereeeeeeeeeeeeeeeeeseeeesseessseesesssesesssssesseessssssssssssssssssssessmssesssssssssssssssssemssssssssesssssssssenes 3

Blended learning experience in the advanced training of medical professionals
at Grodno State Medical University

Surmach Marina Yurievna, Razvodovskaya Yanina VIadiSIavovNa ... sssseenns 6

Feedback of medical students and lecturers onimplementation
of the integrated module in curriculum

Salome Khubulava, Tsisana Lomashvili, la Khakhutaishvili, Maia Zarnadze ... M

Enhancing Learning Transfer in Medical Education: Challenges, Strategies,
Challenges, and Perspectives

O TEESIE Y= 1= 11 £= OO 17

Teaching opportunity and knowledge management by assessing the benefits
and health risks of nanotechnologies in the Republic of Moldova

ATTUE BUZAUGAN ottt ettt s st s st saes s saessees s sanssanes 26




ISSN 2783-6797

2023, VOLUME 2, NO. 1

MEDH-EECA

Editorial office
Executive board (co-editors in chief)

Co-Editor in Chief
Levan Metreveli, MD, PhD

Co-Editor in Chief
Ramuné Kalédiené MD, PhD

Co-Editor in Chief
Antoniya Yanakieva MPH, PhD

Editorial board members:

Linas Sumskas (Kaunas, LSMU)
Angelika Velkova (Sofia, MU)

Viktor Riklefs (Karaganda, KSMU)
Lyzzat Kosherbaeva (Almaty, NMU)
Khayom Mahmudov (Dushanbe, ATSMU)
Rustam Nazarov (Khatlon, KhSMU)
Marina Surmach (Grodno, GSMU)
Aleksei Sysa (Minsk, ISEI BSU)

Leila Akhvlediani (Batumi, BAU)
Salome Khubulava (Tbilisi, TMA)

Maia Advadze, (Tbilisi, SEU)

Nino Kandelaki (Thilisi, TSMU)

Evelina Gherghelegiu (Chisinau, SUMF)
Artur Buzdugan (Chisinau, TUM)

Publishing group

Editor: Asta Valuckyté-Usiené

English Language: Skirmanté Cairns

Proof Correction: Aida Diana Jakimaviciené
Cover Design: Dovilé Lukositte

Layout: Jelena Babachina

Aims and Scope

The Journal of Medical and Health Scienc-
es Education for Eastern Europe and Central
Asia (MEDH-EECA, ISSN 2783-6797 is an an-
nual, peer-reviewed, international general re-
search and practice journal).

The purpose of the MED-EECA is to advance
knowledge and disseminate research find-
ings that are directly relevant to the practice
of health science education, including multi-
ple fields of medical, public health, nursing,
and pharmaceutical training. The journal
publishes scholarly papers on all aspects of
health science education including: peer re-
view evaluation and case studies; institutional

accreditation and training programme ac-
creditation related materials; the theory, prac-
tice and policies relating to management,
improvement of quality in medical and other
health sciences education; new initiatives and
models in learning and teaching that imp-
act on quality and standards; links between
quality assurance and employability of health-
care staff; evaluation of the impact of quality
procedures at national level; theoretical and
practical analyses of quality and quality initi-
atives in health science training; comparative
studies between institutions or countries, etc.
In particular, the journal specifically aims to
become a platform available for Eastern Euro-
pean and Central Asian countries to share the
new ideas and demonstrate rapid and signifi-
cant advancements in reforming the training
of human resourses for healthcare.

Original articles with scientific investigations
and systematic literature reviews are wel-
comed from professionals of other health rel-
ated fields on issues that have a direct impact
on the area of staff training and strengthen
evidence-based practice. Letters to the editor
with commentaries on published papers or
research and clinical issues, as well as short
communications, will be taken into consid-
eration and not left unanswered. This journal
also provides space for announcements and
an international calendar for professional
conferences in the area of training of health-
care professionals.

Editorial office:
A. MickeviCiaus 9, Lithuanian University of

Health Sciences, LT-44307 Kaunas, Lithuania

E-mail: medicalhealth journal@Ilsmu.lt




MEDH-EECA 2023, 2(1)

PUBLIC HEALTH WORKFORGE TRAINING:
LESSONS LEARNED OVER THE LAST DECADES

Prof. Linas Sumskas, Prof. Ramuné Kalédiené
Lithuanian University of Health Sciences, Faculty of Public Health,
Kaunas, Lithuania

This editorial has an intention to review the last period of 30 years of reforms, development and
activities of the Faculty of Public Health at the Lithuanian University of Health Sciences (LSMU) in
the context of constant local, national and global challenges for public health and public health
education. We believe that similar challenges in public health workforce training at the level of
universities were also met by many our partner universities in Eastern Europe and Central Asia.

Public health bachelor level study pro-
gramme was initiated at our university in
1994. This was an attempt to change the pre-
vious track of tradition of studying hygiene,
sanitation, which was common in Eastern
Europe and republics of former Soviet Union.
Now, as it is obvious from the historical per-
spective, our understanding of ,new public
health® as multidisciplinary area was based
more on theoretical model than on practical
application and public health essential func-
tions, competencies of health care human
workforce [1-4].

The lessons learned from the COVID-19
pandemic showed that orientation of training
toward competencies of public health grad-
uates in the area of control of chronic non
communicable diseases should be combined
with parallel developing of work competen-
cies in monitoring, controlling, managing
local, regional, countrywide epidemics and
global pandemics. Therefore, in 2021 there
has been renewed attention and focus on es-
sential public health functions (EPHFs), with
the WHO proposing a unified list of 12 funda-
mental activities [5]:

Public health surveillance and monitor-

ing: monitoring and surveillance of popula-

tion health status, risk, protective and pro-
motive factors, threats to health, and health
system performance and service use.

Public health emergency management:

managing public health emergencies.

Public health stewardship: establishing
effective public health institutional struc-
tures, leadership, coordination, accounta-
bility, and regulations and legislations.
Multisectoral planning and financing for
public health: supporting effective and
efficient health systems and multisectoral
planning, financing and management for
public health.

Health protection: protecting populations
against health threats, including environ-
ment and occupational hazards, commu-
nicable and non-communicable diseases
including mental health conditions, food
insecurity, chemical and radiation hazards.
Disease prevention: prevention and early
detection of communicable and non-com-
municable diseases including mental
health conditions, and injuries.

Health promotion: promoting health and
well-being as well as actions to address the
wider determinants of health and inequity.
Community engagement and social par-
ticipation: strengthening community en-
gagement, participation and social mobili-
sation for health and well-being.

Public health workforce development:
developing and maintaining an adequate
and competent public health workforce.
Health service quality and equity: im-
proving the appropriateness, quality,
equity in provision and access of health
services.
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Public health research and knowledge:
advancing public health research and
knowledge development.
Access to and use of health products,
supplies, equipment and technologies:
promoting the equitable access to and
rational use of safe, effective and quality
assured health products, supplies, equip-
ment and technologies.

Following the essential functions, public
health programs are constantly updated, for
meeting the current need of the society.

Other lesson is related with our excess criti-
cism toward medicalization in health care and
health professional education. Now our three
decades of experience shows, that teaching
such subjects as foundations of anatomy,
physiology at the initializations courses of the
bachelor studies does not goes in wain — the
bachelor graduates acquire better under-
standing of the context of health care, disease
and risk factors management. In addition,
in the later stage of studies in master’s level
these graduates have wider opportunities
to study in medical field related study pro-
grammes such as Lifestyle Medicine, which
requires more knowledge of medical subjects.

Next step in development of public health
education at LSMU was initialization of the
master level studies. TEMPUS JEP 11425-96
project with participation of French, Swed-
ish and Finnish public health partners and
experts was aiming to create Master of Man-
agement in Public Health Programme. The
first cohort of students was enrolled in 1998.
These TEMPUS collaborative efforts and also
our involvement in BRIMHEALTH public
health professional training programme -
Baltic Rim Partnership in Public Health
(1994-2003), close relations with the Nordic
School of Public Health (Gothenburg, Swe-
den), Association of Schools of Public Health
in the European Region (ASPHER) allowed
to start our flagmanship Master of Pub-
lic Health (MPH) Study programme in 1999,
which was very well accepted in context of
modern European public health context by
the peer review experts. Despite this, feed-
back from public health field institutions
(Municipality Public Health Bureaus, National

Public Health Centre Departments have indi-
cated that training component on practical
skills should be enhanced in our training pro-
grammes. This is why MPH programme was
reorganized into more field practice-oriented
training programme in 2020. It also was an
important lesson how balance between aca-
demic training and practical field competen-
cies should be sustained.

Health education and disease prevention
is one of eight primary health care functions
(see Alma Ata Declaration, 1978). Therefore,
practical implementation of these health
promotion and disease prevention activities
could be carried out using different health
care organization and health education
models — by primary health care doctors and
nurses (general practitioners and advance
practice nurses) and by primary public health
care institutions (e.g. Municipality Public
Health Bureaus in context of Lithuania). The
group of LSMU public health experts, in col-
laboration with partners from Loma Linda
University, Cornell University and Harward
University, USA, as well as other internation-
al partners, has started drafting the concept
of launching the "future master programme*
in Lifestyle Medicine. This was the first such
type programme in European Union, which
opened new pathway for lifestyle medicine
profession in Lithuania. Programme has start-
ed in 2016 and is recently becoming one of
the most popular public health programmes
in the area of public health. In 2019 lifestyle
medicine professionals were officially inte-
grated into primary healthcare sector as team
members of physicians, while since 2023,
each team of family physicians is obliged to
employ lifestyle medicine professional and
allocate specific tasks and resources to this
new member of the primary health care
team. Training mediators in unifying classi-
cal community-focused public health with
person-oriented health services: targeting
lifestyle-related risk factors for preventing,
reversing or even treating noncommunica-
ble diseases, working as members of med-
ical teams, especially at primary healthcare
level. Non-pharmaceutical interventions are
applied, addressing the roots of noncommu-
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nicable diseases, rather than management of
the outcomes.

The following lessons, we learned during

last 30 years, could be formulated:

.

the period of 1990 after restoring Lithua-
nian independence was a challenge for
health care sector, including public health
in finding balance between teaching the-
ory, doing research and providing practice
competencies for the health staff;
international collaboration and participa-
tion in the international frameworks and
projects provides for us as professionals
an opportunities to be in touch with the
latest up to date information in the area of
public health theory, research and train-
ing;

leadership and initiatives at the universi-
ty level, at the level of ministry and at the
stake holder institutions play a major role
in providing progress and innovations in

the area of training the health care profes-
sionals;

public health area is undergoing the con-
stant transformation and continuous re-
sponse to the contemporary challenges is
inevitable;

university teachers, programme develo-
pers and managers should remmember that
“the future specialists we train today”.
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Abstract. COVID-19 pandemic has demonstrated that universities have to be prepared for rapidly
restructuring their educational process and obviously facilitated the blended learning (BL) prac-
tice, while maintaining a high quality of performance. Being adopted widely at various stages
of medical education, BL has certain advantages and concerns. The purpose of the study was
to evaluate the effectiveness of BL at the level of advanced training and retraining of medical
professionals as well as when providing extended adult education at Grodno State Medical Uni-
versity (GrSMU). Advanced training of medical professionals and extensive adult education have
been found to be the areas that can obviously benefit from BL implementation. Thus, considering
instructional potential for the effective BL application at various levels and stages of medical edu-
cation seems critically important. Developing essential skills and competences in instructors and
learners contributes to the effectiveness of BL process and brings benefits to both parties involved.
We shared only two models to show our attempts at exploring the potential of BL approach. We
believe there are many other ways to integrate technology tools into traditional classes.

Keywords: blended learning, hybrid learning, face-to-face instruction, medical education, ad-

vanced training and retraining, extensive adult education.

Introduction

In context of online sphere expansion, edu-
cation is undergoing a kind of “digital transfor-
mation”, characterized by the substitution of
traditional face-to-face learning environment
by the digital or virtual one based on the in-
formation and communication technologies
(ICT). Due to various factors and challenges
higher educational institutions (HEI) are forced
to deliver several online courses and programs,
although it may be difficult for them because
of resources limitation, lack of experience or
legislation restrictions. COVID-19 has obvious-
ly facilitated the introduction of distant and
computer-based technologies as well, thereby
triggered the digital learning practice in vari-
ous educational environments [1-3].

The emerging new electronic and web-
based modes of education have provided ra-

tionale for considering instructional potential
for their effective application in the university
education domain. Modern digital education-
al environment provides free access to quali-
ty education, still critically important is the
integration of traditional and online educa-
tion, an example of which is BL. Among seve-
ral terms (hybrid learning, blended learning,
web-enhanced learning, mix-mode instruc-
tion, etc.), infrequently used interchangeably,
the term BL is the most commmon [4].

BL has been in focus since the beginning
of the 2000s, since then it has passed sever-
al periods of its development: from the defi-
nition period (2003-2006), popularity period
(2007-2009) to the present days of its active
application [5].

Since the options of traditional and digital
components of education are numerous, BL
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can be considered both simple and complex
approach [6]. One of the main challenges re-
lated to BL stems from various approaches
to defining this learning mode. Although the
first attempts to define BL occurred in the
late 1990s since the Internet development
and expansion, BL began to develop rapidly
from the 21" century, including the definition
of the term itself [4]. In over 30 definitions
analyzed the most common consideration
is that BL combines face-to-face instruction
with technology-mediated instruction which
uses ICT to mediate the learners and instruc-
tors’ interaction [4]. Several other features and
aspects of BL such as self-paced learning,
student-centered learning, personalized and
individualized learning, multiple approach
learning are emphasized in the existing defi-
nitions as well [4]. Establishing the proportion
of blending is another important BL concern.
Several recommmendations are available on
the appropriate face-to-face and online inter-
action ratio, from 50% to 30%-79% of online
delivery [7-9]. In addition to the clarification of
the basic term, BL literature addresses sever-
al other issues: benefits and challenges of the
learning mode for both instructors and learn-
ers, instructional design and implementation,
learning outcomes, learner-instructor inter-
action, learners and instructors’ perceptions
and attitudes, future directions and trends [4,
10, 1.

Over the last two decades BL approach has
been adopted widely at various schools and
universities (at undergraduate, postgraduate
and advanced training levels). It has been im-
plemented in various subject areas including
fundamental disciplines (chemistry, biology,
statistics), computer sciences, humanities,
languages, economics, engineering, medi-
cine and health disciplines. Several publica-
tions on BL application in medical educa-
tion appreciate BL models for their potential
to cross boundaries of space and time and
to improve collaborative and individualized
learning effectiveness [12-14].

Nevertheless, e-learning has some dis-
advantages associated with high costs for
platform maintenance and multimedia ma-
terials as well as technical training of both

instructors and learners. In addition, medical
education has definite specificity due to the
requirements of practice orientation. Medical
and health sciences are closely related to hu-
man health and involve a diverse collection of
knowledge, skills, and practices, which have
to be systematically updated to meet the
changing needs and challenges. It is not suffi-
cient for students to demonstrate certain ma-
nipulations distantly, it is necessary for them
to be able to perform these manipulations
with their own hands, at least using simula-
tion equipment. Obviously, some criticism of
overusing distance learning technologies in
clinical medicine is quite warranted.

At the same time, the learned lessons of
COVID-19 pandemic have demonstrated that
universities need to be prepared for a rapid
restructuring their educational process envis-
aging the situations when it can be impossi-
ble to provide education with a face-to-face
instruction, while maintaining a high quality
of performance.

The objective of this paper was to evaluate
the effectiveness of BL at the level of advanced
training and retraining of medical profession-
als as well as when providing extended adult
education at GrSMU.

Methods
The study included:
analysis of the present situation with the
BL implementation at HEI, particularly of
medical and health profile,
consideration of instructional approaches
to BL technologies at various stages of
medical education (including advanced
training and retraining medical professio-
nals, extended adult education),
personal experience in BL implementation
at the academic departments of GrSMU
(on the example of two academic depart-
ments) at various stages of medical educa-
tion.

Results and discussion

The COVID-19 pandemic has introduced
certain adjustments to all important proces-
ses of GrSMU. The University had to restruc-
ture its work, taking into account the need
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to separate the staff and students. The HEI
integrally and its departments proved to be
prepared for the related challenges, since
long before the pandemic the educational
process was provided with electronic text-
books, electronic educational and methodo-
logical complexes, and the HEI's online edu-
cational environment (internal educational
platform Moodle).

A really serious task during the rapid re-
structuring of all systems was to ensure the
high quality of education under new condi-
tions, which the University successfully coped
with. A crucial part in this achievement be-
longs to the Belarusian legislation in the field
of education. The adoption of the updated
Code of the Republic of Belarus on Education
legally approved that distant forms are suit-
able for ensuring high quality education if
they allow achieving the goals of educational
standards, standardized curricula and syllabi.

At the same time, the experience of GrSMU
with full transition to distance learning during
the pandemic restrictions has revealed cer-
tain difficulties in the development of rele-
vant practical skills and, particularly, commu-
nication skills of students. Both practical and
communication skills can be best developed
only with face-to-face instruction mode or at
least in a simulation center, or using group
online forms of classes.

Currently, the educational process at the
first and second stages of higher education
has returned to the pre-pandemic full-time
format. However, the system of advanced
training of medical professionals has shown
great flexibility. The Faculty of Advanced
Training and Retraining of the University has
become a kind of flagman of a new form of
education —a mixed one.

The Department of Public Health and
Health Service is one of the University' aca-
demic departments at which BL technolo-
gies were tested during the pandemic period,
and now are widely used as well. These are a
combination of distance education techno-
logies, traditional face-to-face instruction in
the HEI' classrooms as well as a new format
of practice-oriented learning organized at the
premises of a healthcare organization.

During the implementation of the ad-
vanced training course “Management tech-
nologies in healthcare systems” provided for
healthcare top managers (course duration 80
academic hours, intramural form of study),
as well as a retraining course in the special-
ty “Organization of health care” (course du-
ration 12 months, extramural form of study)
Ostrovets Central Regional Clinical Hospital
(OCRCH) where a branch of the Department
has been formed, was actively involved.

The advanced training course involved stu-
dents’ (the heads of healthcare facilities of the
Grodno region) visits to OCRCH where they
could directly familiarize themselves with the
management technologies implemented in
this healthcare facility, while the classes with
the teaching staff of the Department during
the study period (study cycle) were carried
out on the basis of online educational plat-
form of the University.

To ensure the quality of performance seve-
ral forms of students’ knowledge control were
applied: “open” tasks that require the ability
to analyze and find creative decisions; compu-
ter-based assignments in writing to master
the skills of business writing; online testing as
a form of intermediate control and final oral
interview.

The retraining course, on the contrary, pro-
vided for the inclusion in the retraining pro-
gram, which was implemented mainly on the
basis of the University and its clinical bases
located in the city of Grodno, only some on-
line classes on certain topics instructed by the
Head of the Branch of the Department (Head
of OCRCH), these classes being mainly in the
group form of online instruction.

The Department of Foreign Languages of
GrSMU implemented BL technologies when
delivering an advanced language course
“English for scientific communication and
research” for the University academic staff as
part of extensive adult education.

The course (duration 30 academic hours)
was desighed to improve the English lan-
guage and communication skills of the Uni-
versity academic staff involved in research.
The first and final classes were conducted in
a face-to-face traditional format. The rest 13
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classes were provided using digital learning
environment including online group meet-
ings and discussions, individual online con-
sultations etc. As a form of digital learning
environment GrSMU internal educational
platform Moodle was used. All the educa-
tional resources and instructional materials,
assignments, tests and control instruments
were uploaded on the educational platform.

Feedback and self-performance analysis
revealed several advantages and disadvantag-
es of this BL experience. The learners obvious-
ly benefited from flexible training schedule,
calm environment, expanded possibilities of
access to information sources, participation
in interactive telecommunication events etc.
However, BL as a learning technology has a
number of difficulties for both instructors and
learners, such as: lack (shortage) of technical
capabilities or skills in working with technical
means of e-learning, both among students
and instructors, limited opportunities for the
development of real communication practi-
cal skills and abilities, self-discipline and high
degree motivation for learners and accept-
ance of new roles in the teaching process for
instructors, etc.

Conclusion

The analysis of online and offline training
combination in the system of advanced trai-
ning of medical professionals (at the Depart-
ment of Public Health and Health Service)
and extensive adult education (at the Depart-
ment of Foreign Languages) shows that this
mixed form of educational process organi-
zation has many advantages. BL technolo-
gy makes it possible to expand the circle of
external stakeholders who are not only con-
sumers of the “product” of the University's
educational activities, but also directly invol-
ved in the implementation of educational
programs for advanced training and retrain-
ing; significantly increases practice-oriented
training (in healthcare management and re-
search); introduces modern interactive teach-
ing methods into the educational process;
promotes the development and implementa-
tion of methods for designing digital classes;
expands the use of active learning me-

thods, primarily such as case-based learning
(learning based on a clinical case, a practical
medical and organizational situation); com-
bines an individual approach implemented
through teacher-student virtual communica-
tion in the Moodle system with team-based
learning; uses various forms and methods of
control (assessment of practical skills in real
conditions, online testing, oral survey, perfor-
mance of tasks in digital educational environ-
ment and many others).

The success of BL technology implementa-
tion depends largely on instructors and learn-
ers’ experience and effective performance. BL
instructors and learners are required to have
adequate technical, interpersonal commu-
nication skills, good time management and
team-building skills among many others.
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Abstract. Purpose of the study is to explore medical students and lecturers’ feedback on the im-
plementation of the integrated module and integrated TBL in Anatomy, Histology, Physiology, in
order to reveal the best practices to keep and shortcomings for amelioration. Methods. Feedback
from the students and lecturers were collected at the end of the module through an interview
with the focus groups. Results. Students agree that there is a logical connection in the module
between the different courses as well as the topics within the courses. They mention, that such
connection helped a lot in understanding the material. Studying the same organ system from
different points of view further helped in retaining the knowledge. Students consider integration
as the strongest part of the module. They also have mentioned that clinical problem in TBL (Team
Based Learning) session at the end of the module, didn't require the knowledge of all three sub-
jects, because the cases were not integrative and knowing just one particular subject was enough
for problem solving. Lecturers agree that other subjects of the module helped students to better
attain their subject. Teaching methods are adequate to achieve the learning outcomes. Lecturers
think that students gained more and deeper knowledge within the module due to integration.
Conclusion. Overall students as well as the lecturers are happy with the Integrated Module expe-
rience. Especially highlighting benefit of integration in terms of attaining the study material. For
amelioration of the lack of the of integration in TBL, more collaboration between the lecturers of

the modules is needed.

Key Words: Integration, Module, Medical Curriculum, Integrated Team Based Learning.

Introduction

Petre Shotadze Thbilisi Medical Academy
(TMA) is a Higher Education Institution (HEI),
based on the principle of self-governance,
which carries out its activities in accordance
to the Acting Legislation of Georgia and TMA
Regulations. Present processes towards in-
ternationalization, as well as recent changes
within Georgian educational system repre-
sent main challenges for TMA, while trigger-
ing and promoting continuous development
of the institution.

During 2018 TMA successfully underwent
authorization processes in accordance to up-
dated national benchmarks criteria. Provided
recommendations and advices were mainly
considered for further development of edu-
cational programs.

In order to determine main priorities of
Action Plan with precision, was conducted a
large-scale survey among prospective em-
ployers. Findings of the survey, together with
updated national benchmarks for medical
education and recommendations, received
following authorization process were used
to plan consecutive modernization of educa-
tional program. This process in its’ turn was
carried out through active participation of
European partners.

Aim of the study was to explore medi-
cal students and lecturers’ feedback on the
implementation of the integrated module
and integrated TBL in Anatomy, Histology,
Physiology, in order to reveal the best prac-
tices to keep and shortcomings for amelio-
ration.
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In order to reach the aim several steps have
been planned:

Structuring new Integrated Curriculum

On the first step was strengthened the
structure of Curriculum Committee. Repre-
sentatives of all stakeholders were included
which found its final composition under fol-
lowing formation: members of academic and
invited teaching staff, students, alumni and
prospective employers.

Consequently, was developed a plan by the
Curriculum Committee regarding high-
lighted areas for improvement, which re-
quired further consideration in regards to
obtained recommendations, prospective
employer survey and national benchmarks
of medical education;

Following working meetings with staff

members from the Institute for Medical

Education at the University of Groningen,

was elaborated a working draft of compe-

tence-based learning outcomes. This draft
was deliberated with academic/invited
teaching staff and students during Facul-
ty Council meetings of the School of Med-
icine, succeeding into formulation of final
versions for program learning outcomes;

Under direct guidance from the represent-

atives of Antwerp University was devel-

oped an assessment method and format
for each learning outcome;

After wrapping up part of the work, the

program underwent two-step external

evaluation from the representative of

Charite Medical University Berlin, recom-

mendations of which were further applied

for further refinement of the program;

Our MD undergraduate educational pro-
gram - “Medicine” aims to prepare medical
graduates in considering the role of the doc-
tor within society and necessary competenc-
es, which in its turn considers following: stu-
dent's further development in accordance
to the contemporary international standards
and up-to-date, evidence-based knowledge;
as well as raising awareness towards struc-
ture of public health system and physicians’
role within; developing clinical, communica-
tion and research skills, as well as establishing

ethical values and prospective, which are rel-
evant for medical practice.

In accordance to above stated plans were
elaborated by the Curriculum Committee
strategic development plan for educational
program, which provides detailed description
of necessary steps and activities that are to
be implemented within upcoming years in
regards to curricular development; as well as
point out timelines and responsible parties
for implementing particular activities.

Modernization of the educational program

For further modernization of the educa-
tional program, it was crucial to take into con-
sideration main requirements of prospective
employers. Upon national benchmarks for
medical education and with prospective em-
ployers’ direct participation was formulated a
survey, which consequently was implement-
ed by an outsource marketing company with-
in frames of in-depth employer survey.

Among participants of the survey were:
Postgraduate training module leaders,
which within frames of residency program,
have first-hand interaction with the res-
ident trainees from the very beginning,
thus are able to evaluate competencies of
medical program graduates;

Clinical specialists from the leading medi-

cal facilities of Thbilisi;

Representative of NCDC (Centre for Di-

sease Control and Prevention)

Representative of State Regulation Agency

for Medical Activities (under the Ministry of

Internally Displaced Persons from the Oc-

cupied Territories, Labor, Health and Social

Affairs of Georgia)

It is noteworthy, that during the interviews,
special emphasis was drawn to the assess-
ment of present state of medical graduates
on the national level in general and not TMA
graduates particularly. The results of the sur-
vey outlined lack of knowledge/skills/compe-
tences towards several directions namely:

Theoretical knowledge, particularly within

biomedical directions;

Skills and abilities for performing practical

and invasive manipulations;

Critical thinking;
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Communication skills;
Scientific-research skills and interpretation
of research findings.

Student centered and outcome-based
curriculum

TMA aimed structure student centered
and outcome-based curriculum, which gives
students more responsibility about their
medical education, to be involved in self inde-
pendent learning [1]

The outcomes of one-step educational
program — Medicine describes clearly all the
competences, which must be possessed by
the graduate, and are fully compatible with
the demands of national benchmarks for
medical education and are coherent to the 7
level of National Qualification Framework and
2™ level of Higher Education System.

Development of learning outcomes for
educational program “Medicine” was initi-
ated from the second half of 2018, following
in-depth survey, conducted among prospec-
tive employers in accordance to the updated
national benchmarks for medical education.
Findings of the survey were considered by
the Curriculum Committee, which conse-
guently made decision for further curriculum
modernizations, through direct participation
of European partners (University of Gronin-
gen - Netherlands, Antwerp University — Bel-
gium, Charite Medical University — Germany).
In frames of above stated partnership, knowl-
edge and experience of each university rep-
resentatives was applied for modernization of
relevant program part.

Through direct cooperation between Cur-
riculum Committee and European partners,
were implemented following activities:

On the first level was planned revision of

program learning outcomes considering re-

quirements of revised national benchmark
indicators and international standards. Cur-
riculum Committee came to a univocal de-
cision to adopt internationally acclaimed

CanMEDs competence framework and

physicians' roles due to several reasons:

— CanMEDs competence framework ser-

ves as foundation for national bench-
marks of medical education;

— Students, enrolled to TMA are represent-
ed by both national (citizens of Georgia)
and international students. Thus, above
mentioned framework is more com-
mon and relevant within international
context.

— Each university, representatives of
which contributed further development
of the program, use above mentioned
framework, in order to determine pro-
gram competences.

— Recommendations for further develop-
ment of the program, received follow-
ing authorization process in 2018, were
based on the roles of CanMEDs Qualifi-
cation Framework.

Through direct participation from Europe-
an partners (Medical Education Institute of
Ghroningen University) were planned and
implemented staff training sessions and
workshops for academic and invited teach-
ing staff around “Educational program
learning outcomes of and their correct
formulation”. The main goal of conducted
meetings was to facilitate development
of necessary knowledge and skills among
faculty members for proper formulation of
learning outcomes.
Following above-described meetings, draft
version of elaborated learning outcomes
was disseminated among academic and
at some point, invited teaching staff mem-
bers; discussed during school of medicine
council meeting and was formulated into
final draft, considering comments and rec-
ommendations provided.

Duration of present educational program,
as stated above, is determined by 6 years,
with the process divided into 3 main phases:

Basic, behavioral and social sciences (I-Ill

years of study)

Clinical sciences (IV-V years of study)

General specialization (VI year of study)

Present educational program is fully con-
sidering and responds to the revised bench-
marks for medical education:

Integration in medical education impor-
tanttool to help studentsto apple their knowl-
edge and skills in their clinical practice [1]
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There are two types of integration in med-
ical educational system vertical and horizon-
tal. Tbilisi Medical Academy curriculum has
been organized by:

Horizontal integration - Integrated mod-
ules are created based on body systems.
These modules form two sets:

1. Normal — Normal Structure and Function
(Anatomy, Embryology, Histology, Physiol-
ogy); students are learning basic sciences
which is also applied to abnormal func-
tions of body systems [1-3].

2. Pathology - Basics of Disease and Treat-
ment (Pathology and Pharmacology).
They form two spiral loops and the last
loop is taught in parallel in terms of organ
systems with other integrated module -
“Diagnosis of internal Diseases I/Il with
CBCR” that includes patient examination
and diagnostics with consideration of clini-
cal cases linked with taught material. This
gives student deeper insight and vision of
particular organ system, enables him/her
to integrate different aspects of practical
activities — communication skills, physi-
cal examination skills and practical pro-
cedures with clinical reasoning and team
work in format of CBCR and TBL, as well as
with writing reflections and personal de-
velopment plan (PDP) in scope of portfolio
assignments. In addition, the module “Bio-
statistics and Fundamentals of Research”
is created (taught in VII semester) that fa-
cilitates to apply integrated knowledge of
biostatistics and research methodology to
practice-to perform literature review and
write essay.

Vertical integration - between basic and
clinical disciplines is taken into consideration
from the first semester and implies follow-
ing: Implementation process of each disci-
pline (E.g.. Anatomy, Histology, Physiology,
Biochemistry, Genetics, Microbiology) implies
elements of vertical integration, in terms of
clinical correlations, team-based learning
(TBL) and case studies [, 4, 5].

Methodology
Due to decried interest in basic subjects,
integration in medical education should show

the importance of basic knowledge in clinical
basis. Final examination may be conducted
within oral, written, combined (including writ-
ten and oral components) and/or OSPE/OSCE
format. During final, 6th year of studies is
conducted examination of Portfolio, which in
its’ turn implies analysis of information, accu-
mulated within Portfolio during 6 years and
serves as a main precondition for awarding
qualification.

Integration starts from the first year of
the study, in basic subjects: Anatomy, His-
tology, Embryology, Physiology by teaching
these subjects in integrated module. Mod-
ules are arranged according to thy systems.
Integration has been achieved by creating
integrated assignments and clinical cases/
clinical scenarios during the semester and in-
tegrated Midterm and Final exam. Integrated
assignments/clinical cases have integrated
guestion from three subjects with anatom-
ical diagrams/imaging (X-ray, CT etc.)/histo-
logical images with integrated open ended
questions. Similar cases/questions/diagrams
are being presented in an integrated module
throughout medical courses. The establish-
ment of clinical skills units, where students
have opportunities to learn and practice skills
in an intensive way, has also fostered integra-
tion, including the immediate application of
concurrently learned anatomy, histology and
physiology, especially using Anatomage Ta-
ble, light microscopes, laboratory. Creation
clinical skills departments, where students
have the opportunity to intensively learn and
practice skKills, has also contributed to the in-
tegration, including the direct application of
the anatomy, histology and physiology stud-
ied parallelly [1, 2, 6].

Integrated learning provides opportunities
for students to experience patient-centered
approach and allows them to apply integrat-
ed knowledge studied medical courses [1].
“When students learn complex tasks in an in-
tegrated manner, it will be easier for them to
transfer what they have learned to the reality
of day-to-day work settings.” [7]

Integrated curriculum and early clinical ex-
posure provide students with the opportunity
for longer internships in clinical services, and
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by providing students with guidance and sup-
port to learn from patients themselves rather
than expecting to be constantly “trained” by
busy clinical staff [1, 8].

In order to aggravate students’ interest in
learning process and help them to enhance
critical thinking skills at in basic level of inte-
grated curriculum was were placed:

Physical examination and communication

with simulated/standardized patient (SP)

as well as discussion of relevant clinical
correlations/cases;

Multidisciplinary education, integration

week in integrated Modules with integra-

ted TBL Sessions

Implementation of study courses through

means and activities, which facilitate de-

velopment of clinical reasoning and critical
thinking abilities, such as:

— TBL (Team Based Learning);

— CBCR (Case Based Clinical Reasoning);

— CBL (Case Based Learning).

Medical educators consider this parado-
xical that structuring integrated curriculum
requires a greater degree of values than tra-
ditional disciplines. In a course based on in-
dividual disciplines, concepts and key ideas
can be defined in a well-structured approach
existing in the disciplines. In an integrated
curriculum, concepts and main ideas from
multiple disciplines must be combined into a
logical framework [1].

Integrated curricula can also be identified
as key concepts or key ideas that go beyond
disciplines. Behind for example, “homeosta-
sis” can be used as a main concept to inte-
grate from biochemistry and physiology [1]
“Gastrointestinal Tract” can be main concept
to integrate it in Anatomy, Histology, Embryo-
logy and Physiology, together with Multidis-
ciplinary Education and integrated TBL ses-
sions and integrated OSPE exams.

Objectively Structured Practical Skills Exa-
mination (OSPE) is conducted within frames
of integrated modules on the basic stage of
education and evaluates student’'s know-
ledge and practical skills around organ sys-
tems (Histology, Anatomy, Physiology etc.),
as well as is implemented among disciplines,
such as Microbiology, Radiology etc.

Objectively Structured Clinical Skills Exami-
nation (OSCE) is conducted by the end of 5%,
6" and 10t semesters, in order to evaluate
student’s clinical competences. Main topics
of OSCE are as follows: practical procedures;
communication skills, clinical record keeping,
patient consultation and physical examina-
tion; all the competences, which have been
covered by the students within frames of core
disciplines (Internal Diseases, Surgery, Ob-
stetrics and Gynecology, Pediatrics).

Curricula of modern integrated medical
education emphasize students’ self-manage-
ment in learning. Students actively build or
develop own learning based on a variety of
experiences available to them [1].

In order to facilitate development of Clini-
cal reasoning skills are used number of teach-
ing methods, such as:

Case Study - which considers discussion

of situational tasks during both basic and

clinical stages of studies. On the basic
stage, this process implies discussion of
clinical cases, correlations and situational
scenarios under guidance of course leader.

During clinical stage of education are dis-

cussed actual clinical cases.

TBL (Team-Based Learning) — a method

based on the teamwork-based discussion

and solution of problem, which is adop-
ted by TMA as an alternative method to

PBL (problem-based learning), in order

to enhance further active teaching com-

ponent. TBL sessions are indivisible part
of ICM (Introduction to Clinical Medicine)
modules, as well as are implemented ef-
fectively throughout other disciplines.

“The development of a small group into a

learning team is best described as a trans-

formation process.” [9]. TBL is a useful ap-
proach to integration in clinical clerkships

[10]. TBL showed that it has been increas-

ing academic effectiveness and improves

academic outcomes [11-13]. “Team-based
learning (TBL) is an active learning instruc-
tional strategy that provides students with
opportunities to apply conceptual knowl-
edge through a sequence of events that
includes individual work, teamwork and
immediate feedback.” [1]
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Feedback from the students and lecturers
about their opinion on curriculum reforms
were collected at the end of each module
through an interview with the focus groups.

Results

After starting integrated Modules in basic
subjects (Anatomy, Histology, Embryology
and Physiology) we have evaluated module
implementation. At the end of the semester
focus groups were held with involvement of
students and lecturers, in order to reveal best
practice to keep and shortcomings for ame-
lioration.

All the students agree that there is a logi-
cal connection between the different courses
as well as the topics within the courses. They
mention that it helped a lot in understand-
ing the material. Studying the same organ
system from different points of view further
helped in retaining the knowledge. All stu-
dents consider integration as the strongest
part of the module.

All the Lecturers agree that other subjects
of the module helped students to better at-
tain their subject. Teaching methods are ade-
guate to achieve the learning outcomes. Lec-
turers think that students gained more and
deeper knowledge within the module due to
integration.

Conclusions

Integrated Modules in Basic subjects
(Anatomy, Histology, Embryology and Phys-
iology) helped students to apply knowledge
of Biomedical and Clinical sciences in clin-
ical problem solving and decision making,
engaging in team work with colleagues and
direct self-learning, applying evidence-based
medicine principle and demonstrating criti-
cal thinking.

Overall students as well as the lecturers are
happy with the module experience. Especial-
ly highlighting benefit of integration in terms
of attaining the clinical reasoning skills. There
were also a few good practices revealed, that
can be used for other modules as well.
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Abstract. In the fast-paced realm of healthcare, effective learning transfer within medical educa-
tion is a matter of life and death. This article explores the challenges and strategies for enhancing
learning transfer in medical pedagogy, emphasizing the crucial roles of medical educators and
students in bridging the theory-practice gap. Global perspectives and successful practices are
highlighted, along with standardization efforts. In post-Soviet countries, resource constraints and
traditional teaching methods pose challenges, but innovative approaches are emerging. The ar-
ticle underscores the need for outcome evaluation and outlines an ongoing research project to

advance learning transfer in medical education.

Key Words: learning transfer, training transfer, effectiveness of medical education, standardiza-
tion of medical education, training intervention design.

Introduction

In the dynamic realm of healthcare, where
every moment holds significance and lives
teeter on the precipice, the imperative of ef-
fective learning transfer within medical edu-
cation transcends the confines of academia -
it emerges as a veritable matter of life and
death. Envision a scenario wherein a recently
graduated physician, armed with theoretical
expertise yet lacking the seamless capability
to apply it amidst the frenetic tumult of an
emergency ward, confronts a pivotal medical
crisis. The demarcation between success and
catastrophe becomes tenuous, undersco-
ring the unequivocal verity: learning transfer
in medical education is not a mere scholarly
pursuit; it constitutes a vital conduit. Within
this discourse, we embark on a comprehen-
sive exploration of the challenges, metho-
dologies, and global perspectives that deli-
neate this pivotal facet of medical pedagogy,
which plays a pivotal role in preparing future
healthcare professionals. The quality of medi-
cal training is vital in ensuring that physicians
are well-equipped to deliver high-quality
healthcare and address the health needs of

individuals and communities effectively. To
achieve this objective, it is crucial to focus on
the efficient transfer of knowledge and skills
acquired during medical education to real
clinical practice.

Learning transfer, defined as the process
of applying knowledge and skills acquired in
one context to another, is a critical aspect of
medical education. In this context, learning
transfer pertains to the ability of students and
medical professionals to apply theoretical
knowledge and practical skills in the treat-
ment and care of patients. However, enhan-
cing learning transfer in medical education
often proves to be a complex challenge, de-
manding a holistic approach.

This opinion article endeavors to raise
awareness within the academic community
regarding the effectiveness of professional
training programs for medical specialists. Its
primary objective is to explore effective strat-
egies for enhancing learning transfer in med-
ical education. We will also delve into the spe-
cific challenges faced by medical education
in this realm and examine global perspec-
tives on this critical subject. By presenting
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case studies, good practice examples, and
evidence from around the world, we intend
to highlight successful strategies that can in-
spire further developments in medical educa-
tion systems.

In the following sections, we will analyze
the specific challenges of this process in
the medical context, explore concrete stra-
tegies for enhancing learning transfer, and
underscore the crucial roles played by me-
dical educators and students in facilitating
this essential transfer. Through this analysis
and discussion, our aim is to emphasize the
importance of this topic for the quality of
healthcare and public health. Furthermore,
we intend to state our research intention and
actively contribute to the continuous deve-
lopment of medical education domain.

Methods

In the process of crafting this manuscript,
we conducted a non-systematic literature re-
view to investigate key aspects related to our
subject of interest, medical education and
learning transfer. Our research process began
by identifying and selecting relevant sources
of information. We used specific keywords
related to the field of medical education and
carefully examined the titles and abstracts of
articles found in academic databases such as
Google Academic, PubMed, PubMed Central,
Research4life, and the MedEdPublish plat-
form of the Association for Medical Education
in Europe (AMEE). Following this, we chose
sources that proved to be most suitable for
addressing our research questions. We ex-
tracted and analyzed relevant data and iden-
tified patterns and trends in the literature. It
is important to note that this literature review
is non-systematic, meaning that source se-
lection was done in accordance with our re-
search objectives but without involving a for-
mal and rigorous selection process as in the
case of a systematic review.

Results

Emerging challenges in medical education
Medical education aims to ultimately train
well-prepared physicians with solid knowl-

edge and practical skills, endowed with
ethics and professional responsibility, capable
of providing quality medical care and effec-
tively addressing the health needs of indivi-
duals and communities in a humane manner.
However, achieving this goal faces a series of
common challenges on a global level, such as
rapid changes in knowledge and technology,
significant disparities between growing re-
source needs and ensuring access to quality
education, the necessity of a multidisciplinary
approach, demographic and global health
changes, and the development of balan-
ced professional competencies based on
both technical skills and non-technical skills
such as effective communication, situational
awareness, decision-making, resource mana-
gement, and teamwork, among others.

The situation becomes rather risky when
medical education leans heavily towards
theoretical knowledge, and students have
limited opportunities to develop the practical
skills required in clinical practice. Thus, there
is a need to strike a balance between theory
and practice and implement learning meth-
ods that allow students to engage in relevant
practical experiences. It is true that transition-
ing to competency-based medical education
(CBME) aims to close this "theory-practice
gap” by establishing a specific set of com-
petencies that a future physician must ac-
quire throughout their professional training.
However, to what extent do medical educa-
tion institutions, especially those in low and
middle-income countries in the post-Soviet
space, succeed in implementing curricular
reforms towards CBME? Another question
that administrators of medical education pro-
grams must address is the extent to which
the competencies acquired during profes-
sional training translate into their clinical per-
formances. This challenge faced by medical
schools and universities is not a new one, and
best practices used in other fields can assist
us in addressing it.

Learning transfer

Also known as training transfer, learn-
ing transfer has been studied in greater de-
tail by researchers specializing in industrial
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and organizational psychology, and from an
applied perspective by management and
human resources specialists, primarily due to
the need to analyze the cost-effectiveness of
training interventions for employees in enter-
prises and companies. Learning transfer can
be positive, negative, or neutral, with a posi-
tive outcome being the primary goal of most
training programs. Baldwin and Ford de-
fine positive transfer as “the extent to which
learning resulting from a training experience
transfers to the job and leads to significant
changes in job performance,” in other words,
the vehicle through which training leads to
expected institutional outcomes [1]. Three
main factors influencing transfer are rec-
ognized in influential conceptual models in
the field: trainee characteristics, intervention
design, and workplace influences [2]. Prima-
ry trainee characteristics influencing learn-
ing transfer include the trainee’s intellectual
ability, self-efficacy regarding the training
task, level of motivation, as well as job or ca-
reer-related variables, and personality traits
that significantly impact trainee motivation.
The second group of constructs influencing
transfer, either directly or indirectly through
their impact on learning, includes the design
and delivery of the intervention. Specifically,
identifying learning needs, defining learning
objectives, content relevance, prominent in-
structional strategies and methods, self-man-
agement strategies, and instructional envi-
ronments are considered relevant to training
transfer. Another category of variables related
to learning transfer encompasses elements of
the work environment, such as the strategic
linkage of training, transfer climate, peer sup-
port and supervision, the opportunity to prac-
tice, and accountability.

One less explored aspect is the applica-
tion of evidence regarding learning transfer
in medical education, which is an extremely
important and relevant topic. It refers to the
ability of students and medical professionals
to apply the knowledge and skills acquired in
a learning context to practical and real-world
healthcare situations. However, there are nu-
merous researchers exploring thissubject and
coming to certain conclusions. It has been

demonstrated that selecting appropriate in-
structional strategies is crucial for achieving
favorable outcomes in medical education.
One of the recent BEME reviews examines
the efficacy of various teaching strategies
in enhancing clinical skills among health-
care professionals in the clinical setting [3].
Another systematic review emphasizes the
significance of learning transfer in medical
education and its positive effects on clinical
performance among healthcare personnel.
The publication highlights the need for evi-
dence-based interventions and well-founded
strategies, including deliberate practice, fre-
qguent feedback, and contextualization within
real clinical environments [4, 5]. Deliberate
practice and repetition have been shown to
be effective in acquiring clinical skills and
transferring them into medical practice, as
supported by other studies [6]. In a recent
publication, the authors aimed to explore
how workplace factors such as organizational
culture, learning climate and leader support,
influence learning transfer for medical train-
ees [7]. Another systematic review examined
the impact of workplace environmental fac-
tors, a component of the model presumed
to influence training transfer in behavioral
health [8].

Original approach

In this paper, we discuss an original ap-
proach to the effectiveness of learning transfer
as an alternative to the fact-based approach,
highlighting the key actors of transfer. On the
one hand, the trainers are taken into account,
whose role is performed by medical educa-
tors, or instructor or teacher, and on the other
hand, the beneficiaries of the transfer or the
trainees themselves (students, residents and
medical doctors).

Medical educators play a crucial role in en-
suring learning transfer in medicine. Medical
educators play a vital role in guiding and fa-
cilitating the learning process and have the
responsibility to support trainees in the ef-
fective application of their knowledge and
skills in real-world clinical practice. The most
relevant missions and key responsibilities of
the educator in promoting learning transfer
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include curriculum design and implementa-
tion, facilitating active learning, clinical super-
vision and feedback provision, encouraging
reflection and self-assessment, promoting
inter-professional collaboration, professional
development, evaluation and assessment,
promoting a lifelong learning culture, and
more. By fulfilling these roles and responsi-
bilities, medical educators significantly con-
tribute to the successful transfer of medi-
cal preparation, ensuring that trainees are
well-prepared to deliver high-quality patient
care in real clinical settings [9-14].

While medical educators play a signifi-
cant role, trainees themselves have respon-
sibilities and actions they can undertake to
enhance the effectiveness of the transfer.
By actively engaging in the training process,
self-directed learning, reflecting on experi-
ences, collaborating and working in teams,
seeking feedback, and applying knowledge
in diverse contexts, trainees contribute to
their own development and play a vital role
in ensuring the successful transfer of medical
preparation [15-19].

Challenges in learning transfer

The greatest difficulties related to learning
transfer in medical education arise from the
disparity between theoretical and practical
learning, fragmentation and lack of context in
educational programs, the lack of connection
between theory and practice, rapid changes
in medical practice, and more. Students may
struggle with applying theoretical knowledge
and skills in practical and real-life situations.
There is a need for practical implementation
and integration of clinical experience to faci-
litate learning transfer. Sometimes, medical
education programs focus more on teaching
isolated knowledge and skills without provi-
ding a global and integrated perspective on
the medical field. This can hinder the transfer
of learning in complex practical situations. Ad-
ditionally, there may be a lack of connection
between theoretical knowledge and practical
healthcare situations. Students may face diffi-
culties in understanding how to apply know-
ledge in clinical contexts, requiring appropria-
te support and guidance.

In the medical field, practice and technol-
ogies evolve rapidly. This can pose challenges
to learning transfer as new knowledge and
skills need to be constantly updated to re-
main relevant in clinical practice. To address
these issues, an integrated approach in medi-
cal education is necessary to facilitate lear-
ning transfer. This can include active learning
methods, practical internships, clinical simu-
lations, and authentic assessment of practical
competencies. Furthermore, it is important
for medical educational institutions to colla-
borate with hospitals and clinics to bridge the
gap between learning and clinical practice.

Standardization

The standardization of medical education
globally is a complex and constantly evolv-
ing subject. There are considerable efforts to
promote common standards and coherent
approaches in medical education worldwide.
Organizations such as the World Health Orga-
nization (WHO) and the World Federation
of Medical Education Associations (WFME)
play an important role in promoting global
standards in medical education. These orga-
nizations develop and publish guidelines,
standards, and resources to guide medical
education programs. WFME in order to make
medical education more efficient and to ensu-
re the applicability of recommendations in
all cultures and circumstances, has changed
the standardization paradigm, replacing pre-
scriptive, process-based requirements with
a principles-based approach [20]. Through
this new concept each agency or institution
makes its own version of the basic standards,
which is appropriate to the regional and local
context [21]. WHO also makes considerable
efforts through its recommendations which
are a culmination of evidence-informed deci-
sion interventions to guide a focused transfor-
mational process of and for scaling up health
professionals’ education and training globally
[22]. Similarly, Association for Medical Educa-
tion in Europe (AMEE) being the European re-
gional association of the WFME and a mem-
ber of its Executive Council have contributed
enormously to increasing the level of medical
education through the development of syn-
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theses of scientific evidence, such as the Best
Evidence Medical Education (BEME) collec-
tion, resulting in “the transition from educa-
tion based on opinion to education based on
evidence" [23].

Strategies

The implementation of faculty develop-
ment strategies, curriculum development,
and the utilization of simulation methods
are crucial aspects for improving the medi-
cal education system in enhancing transfer of
learning. By investing in the development of
medical faculty's competencies, it promotes
effective teaching and evaluation skills, as
well as a stimulating and up-to-date learning
environment. Providing training opportuni-
ties and support for medical faculty contri-
butes to enhancing the quality of instruction
and improving communication and interac-
tion skills with students and residents [22].

The use of simulation methods, such as
high-fidelity simulation and virtual simulation,
represents an effective way to provide prac-
tical and realistic experiences in a controlled
and safe environment. These methods allow
students, residents, and physicians to prac-
tice clinical skills, develop decision-making
competencies, and become familiar with
complex clinical situations. Through simula-
tion, opportunities for active learning, repe-
tition, and feedback are created, which con-
tribute to strengthening learning transfer and
improving practical performance [24-28].

Good practices

Progress in the field of learning transfer in
medical education can be observed in several
countries worldwide. Universities and medical
institutions in the United States have devel-
oped innovative medical education programs
that place special emphasis on learning
transfer. These programs include active learn-
ing methods, advanced medical simulations,
and extensive clinical rotations. Canadian
medical institutions have made efforts to in-
tegrate practical learning into their medical
education programs. Additionally, collabora-
tion between universities and healthcare in-
stitutions is promoted to ensure a strong con-
nection between theory and practice. In the

United Kingdom, progress has been made
in creating and developing integrated clini-
cal learning programs that encourage learn-
ing transfer. Medical simulations and clinical
rotations are used to facilitate the develop-
ment of practical skills and the application
of knowledge in a clinical context. Australian
medical institutions have implemented inno-
vative learning and assessment methods that
focus on learning transfer. For example, ad-
vanced simulation and case studies are used
to develop practical skills and bridge the gap
between theory and practice. The Scandina-
vian countries (Norway, Sweden, Denmark)
are recognized for their medical education
systems and innovative approaches to learn-
ing transfer. These include problem-based
learning, extended clinical rotations, and the
use of modern technologies in medical edu-
cation. It is important to note that progress
in the field of learning transfer can be ob-
served to varying degrees in other countries
and regions around the world. Each country
has specific initiatives and projects aimed at
improving learning transfer in medical edu-
cation, tailored to the needs and specific con-
text of each country.

Outcome evaluation

Transitioning to outcome-based medi-
cal education raises the question of how we
measure the deliverables of professional
learning transfer. Many evaluation results of
short-term training, such as courses in conti-
nuing professional education, are published.
However, how should we proceed with eva-
luating the entire undergraduate medical
education program? How do we know if we
are on the right track in medical education
and what reserves can be leveraged for future
continuous improvement?

Several evaluation methodologies have
been developed and used so far, such as
the Kirkpatrick model and the Phillips RO,
Anderson, and Kaufman CIRO models, de-
rived from it, mostly used by companies and
organizations to analyze the outcomes of
training provided to their employees. Other
methodologies include the objective-based
model or the Tyler model, which assesses the
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extent to which training objectives have been
met. The classic method of evaluating learn-
ing transfer is based on comparison with con-
trol groups. Additionally, there are method-
ologies like pre-/post-testing, also known as
pre-then-post testing, 3-test approach, time
series analysis, etc. However, one of the most
widespread and comprehensive methods for
evaluating learning transfer is the Kirkpatrick
model. It involves quantifying the outcomes
and categorizing them into four levels: reac-
tion, learning, behavior, and results.

In medical education context, one can ex-
pound upon an outcome-based education
(OBE) implementation assessment tool, de-
signed to enable educational institutions to
gauge the extent of their integration of an
OBE approach within their organizational
framework. This assessment tool empowers
institutions to evaluate their level of OBE
assimilation across nine distinct dimensions,
each evaluated on a five-point scale. These
dimensions encompass the articulation of
explicit learning outcomes, the effectiveness
of coommunication regarding these outcomes
among faculty and students, the pedagog-
ical strategies implemented, the breadth of
learning opportunities offered, the alignment
of course content with predefined outcomes,
the progression of students throughout the
academic journey, the methodologies em-
ployed for student assessment, the overall
educational milieu, and the procedures for
student selection. The comprehensive analy-
sis of these dimensions culminates in the
creation of an institution-specific OBE imple-
mentation profile [29].

For a more comprehensive evaluation of
the quality of undergraduate medical educa-
tion, it would be ideal to assess the individu-
al performance of graduates in a real clinical
setting. When measuring the outcomes of
professional training through residency, this
assessment should be conducted by evalua-
ting the individual performance of young
graduates or by evaluating organizational
performance using specific indicators of the
institutions where these young specialists
have been subsequently employed. However,
this task is quite challenging.

In recent years, universities in the USA and
other countries have been implementing
so-called “entrustable professional activities”
(EPAS) as a means of evaluating the transfer
of professional competencies in clinical prac-
tice [30]. The Association of American Medical
Colleges defines EPAs as units of professional
practice, tasks, or responsibilities that trainees
are entrusted to perform unsupervised once
they have acquired a sufficient level of spe-
cific competence. In other words, EPAs rep-
resent the clinical expression of competen-
cies or specific performance units. They are
executable, observable, and independently
measurable, making them suitable for de-
cisions of subsequent entrustment without
supervision. A pilot project using EPAs as an
assessment tool in the residency admission
process in the USA was recently completed in
2021 and is now set to be implemented na-
tionwide.

Medical education in post-Soviet countries

A particular discussion arises when consi-
dering the situation in the post-Soviet space.
The effectiveness of medical education varies
greatly from country to country and depends
on the particular medical education system
in place. However, there are several common
features and challenges in this region. Jud-
ging from the situation in the Republic of Mol-
dova, we can assume that some low and mid-
dle-income countries in the post-Soviet space
have limited resources in terms of advanced
medical equipment and educational technol-
ogies, whichin turn can affect the ability to de-
velop innovative medical education programs
that facilitate efficient learning transfer. In a
number of medical education institutions in
the region, the focus can be still primarily on
theoretical knowledge, and clinical practice
may be limited and not standardized, which
can create difficulties in learning transfer and
the development of practical skills necessary
for future professional practice. In accordance
with the author’s assertion, as inferred from
global university and medical school rankings
across the world, numerous medical univer-
sities situated within the post-Soviet region
confront a substantial challenge concerning
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their academic performance. In the academ-
ic context of the 15 former Soviet states, only
four of them host medical education insti-
tutions that are featured in global university
rankings based on their academic perfor-
mance. Among these four countries, three
of them, namely Estonia, Latvia, and Lithua-
nia, are currently members of the European
Union, which explains their notable achieve-
ments [31]. It cannot be excluded that one
contributing factor to this challenge may be
their continued dependence on conventional
pedagogical techniques, such as didactic lec-
tures and passive modes of learning.

After the collapse of the Soviet Union,
many countries in the region revised their
medical education systems. This process of
transition can bring both opportunities and
challenges in terms of learning transfer and
curriculum development in line with interna-
tional standards. However, it is important to
note that some initiatives and projects in the
post-Soviet space aim to improve learning
transfer in medical education. Some universi-
ties and medical institutions have introduced
active learning methods, medical simulations,
and clinical rotations to support the applica-
tion of knowledge in clinical practice. There
are also efforts of collaboration and exchange
of best practices among institutions in the re-
gion to promote the development of medical
education and efficient learning transfer.

The evaluation of the professional compe-
tence of graduates from medical programs in
the post-Soviet space involves several com-
mon methods. Medical graduates are often
assessed through licensing examinations that
test their theoretical knowledge and practical
skills, as well as through state clinical exami-
nations (also known as final clinical examina-
tions) that assess the clinical competencies of
graduates.

Our experience

In the Republic of Moldova, there is only
one Medical University that prepares specia-
lized healthcare professionals for the entire
country and for other countries around the
world. At the time of writing this manuscript,
Nicolae Testemitanu State University of Medi-

cine and Pharmacy had 4 109 domestic stu-
dents and 1 992 international students en-
rolled, along with 1 351 resident doctors, 450
doctoral candidates, and 5 732 practicing phy-
sicians participating in continuing medical
education [32].

In order to align with international stand-
ards, in 2009 the University implemented a
Quality Management System according to
ISO 9001:2008 standard and obtained, for the
first time, a Quality Certificate, which is sub-
sequently reaffirmed annually. In 2011, it be-
came a member of the Association of Medi-
cal Schools in Europe, and in 2012, it affiliated
with the International Association of Univer-
sities. In 2019, the University received institu-
tional accreditation at the international level
according to the standards of the World Fed-
eration for Medical Education [33].

One of the major achievements in strengt-
hening medical education has been the imple-
mentation of high-fidelity and virtual medical
simulation methods. In Moldova, simulation-
based training in medicine has been officially
available for over 20 years. In 2003, the Center
for Training and Testing Practical Skills (CITDP)
was established as part of a project developed
through a partnership between the Ameri-
can International Health Alliance (AIHA), the
Eastern Virginia Medical School Norfolk/Ports-
mouth, USA, and the Nicolae Testemitanu
State University of Medicine and Pharmacy,
within the framework of the University Prima-
ry Care Clinic. With the primary goal of training
students and family physicians in the field of
internal medicine, the Center implemented
the standardized patient method, becoming
one of the first higher medical education in-
stitutions in the Eastern European region to
mandate training for all medical students
using the standardized patient method.

In 2013, in line with the “Program for the
Development of Medical and Pharmaceuti-
cal Education in the Republic of Moldova for
the years 2011-2020," the Nicolae Testemitanu
State University of Medicine and Pharmacy
inaugurated the University Center for Simula-
tion in Medical Education (CUSIM) by absor-
bing CITDP [34]. CUSIM is established with
the financial support of the European Union,




URIE SARATILA

aiming to build and establish a European
space of knowledge and ensure the quality
of modern medical education and practice.
Among the various simulation techniques
and methods known worldwide, CUSIM im-
plements the majority, ranging from the use
of task-trainers and mannequins for basic
practical skill training to the development of
complex competencies through the imitation
of clinical situations in high-fidelity simulation
environments. Thus, from the second year
until the final year of study, medical students
acquire professional competencies according
to current requirements based on modern
simulation-based training methods. The train-
ing approach applied at CUSIM is interdiscipli-
nary and innovative, and the beneficiaries of
the training programs express enthusiasm for
the teaching-learning-evaluation methods.

Discussion

Thisarticlereflectsaninitial standpointwith
subsequent research intentions. A team of re-
searchers hailing from Nicolae Testemitanu
State University of Medicine and Pharmacy
is poised to undertake an analysis of learning
transfer employing a mixed research metho-
dology. In the initial phase, the authors have
outlined a two-stage study aimed at dissect-
ing prevailing didactic methodologies and
the developmental requirements of medi-
cal educators. This comprehensive approach
seeks to enhance the transmission of know-
ledge and competencies. The methodology
involves interviews and an anonymous ques-
tionnaire meticulously crafted by researchers,
drawing upon experiences and scientific
insights garnered from various universities.
The subsequent phase will delve into the
perspectives of graduate clinicians (post-resi-
dency) regarding the efficacy of knowledge
transfer and the necessity for professional de-
velopment in clinical skills post-graduation.
This phase will employ interviews and ques-
tionnaires as data collection instruments. The
culmination of this research endeavor will be
the presentation of findings in the form of a
final report, replete with recommendations
designed to perpetuate advancements in the
realm of clinical specialist training.

The ensuing discourse deliberates the mul-
tifaceted challenges associated with learning
transfer in medical education. It elucidates
the factors that influence learning transfer,
including the characteristics of trainees, the
design of interventions, and workplace dy-
namics. This discussion incorporates an explo-
ration of evidence drawn from other domains
pertaining to learning transfer in medical
education and spotlights international initia-
tives and projects aimed at enhancing the ef-
ficacy of learning transfer. Furthermore, it un-
derscores the pivotal roles played by medical
educators and trainees in the facilitation of
effective learning transfer. The critical respon-
sibilities of medical educators in guiding the
learning process, designing and implemen-
ting curricula, and nurturing the application
of knowledge and skills in clinical practice are
highlighted. Simultaneously, it underscores
the active involvement of trainees in the ed-
ucational process, encouraging self-directed
learning, reflective practice, and collaborative
teamwork.

Conclusions

In summation, learning transfer within the
sphere of medical education assumes para-
mount importance, serving as the conduit for
students and medical practitioners to translate
their acquired knowledge and competencies
into real-world healthcare contexts. The manu-
script underscores the imperative of striking a
harmonious balance between theoretical and
practical education, promoting the seamless
integration of clinical experiences, and foster-
ing robust collaborations between education-
al institutions and healthcare settings. The ar-
ticle concludes by advocating for the adoption
of a mixed research approach to delve deeper
into the intricacies of learning transfer in med-
ical education and subsequently offering rec-
ommendations to drive continuous improve-
ment in this crucial domain.
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Abstract. The application of nanotechnologies in various fields of contemporary life raises ques-
tions about their harmlessness to humans and the environment. The progressive use of nanotech-
nologies in medicine, pharmaceuticals, medical bioengineering, etc. requires a risk assessment of
the use of nanotechnologies. We find that the risks and, as a consequence, the ethical and social
problems resulting from the use of nanotechnology are still not sufficiently understood at the le-
vel of regulation, research, and education. As nanotechnologies advance, the role of teaching and
management of knowledge in the field acquires a dominant importance in realizing the benefits
and, at the same time mitigating the related risks. We conclude the importance of including in
the educational programs in universities. This will also make researchers responsible for drawing
the necessary attention to the risk assessment of their own research in nanotechnologies or bio-
medical engineering and will contribute to the development of education courses for students
and doctoral students in specialities related to the field. The paper presents a brief analysis of in-
ternational efforts regarding the assessment of the risk associated with nanotechnologies nece-
ssary for promotion for the progress of society. The analysis also refers to the current state of the
problem in the Republic of Moldova. We believe that the lack of subjects related to nanotechno-
logy risk assessment in courses taught to undergraduates, masters and PhD students in biome-
dical engineering and nanotechnology will cause undesirable ethical and social consequences.

Key Words: Knowledge management, nanotechnology risk assessment, biomedical enginee-
ring, Republic of Moldova.

Introduction

After almost half a century of fundamen-
tal research in nanosciences and about 20
years of focus on nanotechnologies, we see
achievements in both predicted and unex-
pected areas, but with promising benefits for
society and the environment [1, 2]. The pen-
etration of nanomaterials into all areas of life
raises several questions, especially regarding
their harmlessness. We note that the scientif-
ic community still does not have a complete
picture of understanding all the health effects
that would result from exposure to nanoma-
terials. There are knowledge gaps in critical ar-
eas for health risk assessment. The questions

addressed are extremely complex, with many
unknown variables and cannot be solved up
to date. From these considerations, it is impe-
rative to establish in universities a favorable
environment for the transfer of knowledge to
the new generation for the assessment of the
risks and benefits of new technologies.

Current Status

Nanotechnology is part of a complex of
essential technologies, and will become so
ubiquitous naturally that its existence will be
understood.

As with any new technology, the question
of necessity and usefulness arises. A concern,
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we admit with sufficient argumentation, of
the sceptics of the utility of nanotechnology
is based on the insufficiency of knowledge
regarding the toxicity on humans and the
environment. It is found by research, that we
cannot deduce the toxicity of a nanomaterial
based on the exclusive knowledge of the tox-
icity of the macro form.

New technologies have initiated an in-
creased interest in the dangers of nanomate-
rials, reflected yearly thousand of articles. The
difficulty of reviewing all publications caused
a hazard categorization for 11 nanomaterials
(fullerenes, single-walled C nanotubes, multi-
walled C nanotubes, dendrimers, nano clays/
nanocomposites, as well as nanoscale ma-
terials as Ag, Au, SiO,, TiO,, CeO,, and ZnO))
performed by an OECD working group [3].
These 11 nanoforms of the substances were
identified as a priority based on the quantities
traded, increasing use and potential human
and environmental exposure. The explosive
expansion of the use of ZnO and TiO, nano-
materials has recently required the Govern-
ment of Canada to initiate a further study on
the degree of toxicity of them in different na-
noforms.

The main causes of the risk of hazards as-
sociated with the use of nanomaterials are re-
lated to the following 2 factors:

the extra small dimensions, which deter-
mine a specific surface or volumetric capa-
city (Commission Recommendation 2022/
C/229/01 for the identification of nanoma-
terials);
the complexity of the dependence of the
properties of nanomaterials on their shape,
phase composition, dimensions, etc. and
frequently exhibits physicochemical prop-
erties extremely different from its macro
form. As mentioned [4-6], the toxicity can
be dictated by environmental factors, NP’s
size, shape, and surface area which play
an important role, determining largely the
unigue mechanism of their interaction
with living systems.

Another risk associated with nanotechno-
logies is uncontrolled exposure to NP, which
occurs through various ways such as inhala-
tion, ingestion, skin penetration, and injection

[7-8]. NP reaching the extracellular fluid are
conjugated with biomolecules present in the
environment, which allows them to internalize
into cells by direct or indirect penetration. The
NP’'s small size in conjunction with the diversi-
ty of shapes gives a differentiated penetration
of the epithelial and endothelial barriers thus
reaching the lymph and the blood circuits.
Subsequently, the blood and lymphatic flow
ensure the transport of NP to all organs and
tissues with potentially harmful results. The
penetration of NP into the bloodstream paves
the way for the possible non-invasive pene-
tration of the blood-brain barrier with serious
conseqguences that are difficult to underesti-
mate.

The modelling of the toxicity of NP on the
living organism shows that they can generate
thrombosis, inflammation of the respiratory
tract, neurodegenerative disorders, cerebro-
vascular accidents, etc. So, public concerns
about the increased toxicity of NP have had a
legitimate experimental basis for many years
(silicosis, asbestosis, “black lung”). So, the lack
of knowledge of the interaction of the human
body with the entire spectrum of NP used in
the different industries does not allow us to
state with certainty a total success story of na-
notechnology.

Assessing the risk from the use of nanomate-
rials needed to have a decision-making frame-
work, agreed by researchers, for nanomateri-
als categorization and testing with respective
conclusions. For these reasons, the European
Center for Ecotoxicology and Toxicology of Sub-
stances proposed a so-called DF4nanoGroup-
ing decision framework [9]. DF4nanoGrouping
consists of three levels of assigning nanoma-
terials to four groups. If necessary, these four
groups can in turn be divided into subgroups
as needed. The aim of the DF4nanoGrouping
model is to maximally encompass the life cycle
aspects of nanomaterials, with the reflection
and participation/contribution of their biologi-
cal pathways. Thus, in addition to reflecting the
intrinsic physical-chemical-biological proper-
ties, the properties manifested in the system
(respective environment) are also elucidated.

This model may exempt a nanomaterial
from further testing if the initial qualification
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determines that it cannot be released from
the product (e.g. it may refer to many nano-
materials used in nanoelectronics, solid nano-
sensors).

The four main classification groups pro-
posed by the DF4nanoGrouping model refer
to: (a) soluble nanomaterials, (b) bio-persis-
tent nanomaterials, (c) passive nanomaterials,
and (d) active nanomaterials. A close classifi-
cation of nanomaterials was also proposed by
the Government of Canada [10].

The evaluation of the DF4nanoGrouping
model by several researchers has confirmed
its usefulness, providing sufficient data for the
hazard assessment of nanomaterials and fa-
cilitating, thanks to the proposed grouping,
the targeted testing of nanomaterials [11].

But the risk is generated by the summa-
tion of hazard and exposure, and the exact
correlation between the intrinsic properties
of a nanomaterial and the effect of the envi-
ronment may not be obvious and conclusive.

Although the DF4nanoGrouping model is
quite comprehensive, less discussed in the
literature is the exposure-response dose of
NP. Similar to the dose of exposure to ioniz-
ing radiation, the effect will depend on the
dose and method of delivery to the target or-
gan. And, it should be noted that the body’'s
reaction is not fully studied, there are sever-
al response models to the assigned dose, in-
cluding the hormesis effect also valid in tox-
icology. Let's not forget the bystander effect
studied more deeply as a result of treatment
with ionizing radiation, but it is not lacking in
other methods of therapy. These are already
the first results that show that photodynamic
stress agents and chemotherapeutic drugs
respond with effects similar to the bystander
effect [12, 13]. Therefore, a careful assessment
of exposure-dose-response relationships is
essential for the final toxicological assess-
ment of nanoparticles.

The ancient paradigm attributed to Para-
celsus “dosis sola facit venenum” is valid in
toxicology and must be taken into account in
medical treatment or diagnosis. This includes
not only dosimetric questions (mass, number,
electronegativity, shape of particles) but also
the form of delivery, the pathways, and the

environment with which they interact — which

all contribute to the relevance of dose levels.

Thus, we again note that much is not yet
known about the interaction of NP with the
human body, but also with the environment.
When we talk about nanotechnologies vs the
environment, two factors are relevant:

a) NP existing in free form, can be released
into the environment accidentally during
production, or as secondary production
waste,

b) NP existing in a fixed form, as part of a
substance or manufactured product, are
released into the environment without re-
cycling, extraction or transformation into
waste.

In order to objectively evaluate the dangers
to human health and the environment, the
entire NP’s life cycle must be evaluated until
their total elimination as non-toxic waste.

But the environmental factor cannot be
considered without human interaction. Let's
admit that many pharmaceutical prepara-
tions in their nanoform form are thrown away
as household waste (inadvertently, expired,
etc.). Enduring in the environment, their
chemical and biological degradation takes
place, transforming into various forms. Some
of them are toxic after decomposition, others
psychotropic, etc they are carried through the
already known exchange cycles in the envi-
ronment: soil — water — air — flora — fauna, etc.
Later they enter the human body in all possi-
ble ways. As unfortunate conseqguences, the
body’'s reactions may appear, difficult to de-
tect and difficult to treat, because the cause
and time of the initiation of the disease are
not initially known.

We find that other risks may appear that
we do not yet intuit, which confirms the need
for continuous risk analyses. We risk saying
that most of the safety issues addressed
about nanotechnologies are related to the
uncontrolled “free” nanostates and less to
the embedded, “fixed/immobilized” states of
the already designed NP. Of course, there are
also exceptions, when the human factor isim-
posed by not complying with the security and
safety requirements for storage, transporta-
tion, administration, processing, use, etc. of
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products or materials with incorporated nan-
oparticles, as mentioned above.

However, the precautionary principle can-
not be used to stop nano state research, as
such research allows us to expand our funda-
mental knowledge of matter, and to identify
the potential dangers of nanotechnologies.
This would also allow the establishment of a
scientifically susceptible database for the pur-
pose of risk assessment, with subsequent jus-
tified procedures for risk management.

The emphasis on the type of risks to be
considered depends on the perspective of
the implication of nanotechnology or nano-
engineering. Thus, the possible risks from the
application of nanotechnology are:

military — the proliferation of new conven-

tional and non-conventional weapons,

their delivery methods, terrorism;
regarding the societal impact;

regarding the environmental impact;

the professional environment dictated by

NP harmfulness;

due to insufficient final knowledge regard-

ing NP interaction with the biological envi-

ronment or with other NPs;

unpredictable innovations, through the

prism of artificial intelligence.

We make an exception to the first risk
noted because it is usually regulated by rules
specific to the military field. The other forms
of risk associated with nanotechnology be-
long to the consumer, but it is also part of the
research field. Research is the first to deal with
nanotechnologies and is largely responsible
for the reasoned risk assessment associated
with nanotechnology. For these reasons, re-
searchers through their professional environ-
ment are the first exposed to the risk associa-
ted with nanotechnology. Thus, a responsible
attitude is necessary in the regulation of this
field in order to provide the maximum pos-
sible safety of the activities in the field. This
responsibility must be taught to the young
generation by teaching specialized courses
related not only to the benefits of new tech-
nologies, but also to their risks, ethical and so-
cial repercussions.

A responsible attitude towards the future
of nanotechnologies and the associated risks,

towards the knowledge management, can
be seen in the example of Germany. As one
of the world leaders in nanoscience (40% of
EU research), Germany is among the leaders
in promoting research into the potential risk
and safety issues associated with nanotech-
nology. We would like to mention the Nano-
Care project carried out by 13 partners from
industry, universities, and research centers
focuses on studying the possible risks of NP
used or recommended for the economy. The
project agenda is composed of three different
but overlap areas [14]:
1. knowledge generation through in vitro NP
influence studies supplemented with in
Vivo ones;
adequate knowledge management, and
3. the transfer of knowledge, including to the
general public, after a common interpre-
tation of the data within the consortium,
which contributed to the standardization
of analytical procedures.

We note that three German Agencies (for
occupational safety, environment and risk as-
sessment) have a joint research strategy ad-
dressing the health and environmental risks
of NP. The results of the implementation of
the Strategy [15] identified the imperfection
of the EU legislation regarding e. g. chemi-
cals (REACH). Another important conclusion
was, that the toxicological properties and
risks regarding the exposure of humans and
the environment to NP cannot yet be exhaus-
tively evaluated. The conclusion is the recom-
mendation of research and risk assessments,
taking into account the continuation of the
deepening of toxicological and ecotoxicologi-
cal knowledge. In order to achieve coordinat-
ed and effective research the following strate-
gic objectives are also recommended [15]:

a risk-oriented approach;

comprehensive risk characterizations and

assessments with ongoing consideration

of new knowledge;

evaluation of the novelty of nanomaterials;

application-oriented and regulatory-rele-

vant research;

sustainability and the precautionary prin-

ciple;

public transparency and consultancy;

N
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efficient management of knowledge

through information exchange with uni-

versities, regulators, entrepreneurs in the
country and abroad.

We talk all the time about the potential
safety risks of those nanotechnology prod-
ucts to consumers (to large public), but what
about the personnel who directly contribute
to their production, or about researchers,
students and PhD students involved in re-
search?

Those working on state-of-the-art pro-
ducts are potentially exposed to higher levels
of NPs, unlike traditional chemical engineer-
ing and microelectronics industries where
worker exposure to various chemicals has
regulatory and safety measures traditions.

It would be fair to mention, that it is not
yet known whether the existing protective
measures, filters and ventilation systems in
the respective industries are sufficient to pre-
vent harmful exposure to new nanostates.
From the mentioned, we noted that the safe-
ty problems derived from the entryways of
NPs and their potential bio-distribution are
managed by many characteristics of NP such
as surface, shape, agglomeration, solubility in
aggregation, size, electric charge, form of ag-
gregation, pathway, type of interaction with
the potential host. NP sizes dictate chemical
and biological reactivity which is not always a
function of the chemical formula of the mac-
roform substance. With these characteriza-
tions, still unknown in the end, possible paths
of migration, and penetration of NPs research
in nanotechnology and nanoengineering
should be carried out with utmost caution.

Added to this is the lack of knowledge re-
garding the risk associated with nanotech-
nologies, delivered to young researchers dur-
ing their studies at the university.

Considering that nanotechnologies are rel-
atively new technologies, they are not regu-
lated by special normative acts. Thus, the safe
handling of nanotechnologies at the work-
place is mostly reflected by the national and
European normative framework that refers to
chemical substances (Directive 98/24/EC).

There are regulations in force in the EU
to protect workers from the effects of harm-

ful chemical, biological and other substanc-
es used in microelectronics, but they cannot
ensure their complete harmlessness at the
nano state level. There are WHO Guidelines
on the protection of workers from potential
risks from manufactured nanomaterials [20].
They were developed by the OECD group on
the analysis of researchers’ results and based
on two principles [3]:

Precautionary approach: In cases where
health concern is identified, but scientific
data do not allow assessment of the mag-
nitude of the risk based on human studies,
the precautionary principle should be used
to reduce or prevent exposure as much as
possible.
Administrative controls approach: where-
by the implementation of controls to re-
duce worker exposure will be considered
the objective of a successful industrial hy-
giene program. Research staff education
is considered an indispensable measure
which should be upgraded periodically to
take into consideration news in science
and technology.

WHO's increased attention to the conse-
guences of nanotechnology is due to:

novelty, but in the continuous progress of

expansion on the world map;

the need for full risk assessment;

the unavailability of correct and uniform

information on the globe;

the need to ensure a fair level of protection

for workers in the field;

developing and approving guidelines based

on research with relevant results for health

protection activities.

The European Agency for Safety and Health
at Work also draws increased attention to the
need to ensure the harmlessness of activity in
nanotechnology. There are a number of ana-
lyzes of the works of researchers [16, 17], which
contribute to the development, and updating
of normative acts in the EU, as well as in Great
Britain.

The U.S. National Institute for Occupational
Safety and Health has developed recommen-
dations for controlling worker exposure to the
effects of technological nanomaterials and
their industrial use. The recommendations are
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updated on technologies that are applied in
industries that use nanomaterials and on the
basis of control methods that have been prov-
en to be effective in reducing workplace ex-
posure in other types of industries.

The above denotes increasing attention
of the WHO, and EU attributed to the assess-
ment of the risk associated with nanotechnol-
ogy, both for the final consumer and for the
workers, researchers directly involved in the
production or research of nanomaterials.

We note a different situation in the Re-
public of Moldova. Although with traditions in
research, recognized by the number of pub-
lications with an impact factor in nanotech-
nologies, there are no publications on the
identification, management of hazards and
risk assessment of the use of nanomaterials
and nanotechnologies, nanoengineering. The
analysis of the curricula of the subjects for the
students, master’'s and doctoral students of
the Nanoengineering and Biomedical Engi-
neering specialties shows the lack of the rele-
vant discipline to the risk associated with new
technologies, and to the possible social and
ethical repercussions.

We note that there is no domestic institu-
tional normative framework (Codes of con-
duct, regulations, guidelines or requirements
for conducting research with nanomaterials,
promoting good practices, e.g. GoodNano-
Guide). The protection of Moldovan workers
(researchers) is ensured by previously adop-
ted rules on working with macro form mate-
rials. If we refer to the legislative framework
relevant to the industrial application of nano-
materials, we note the delay in the adoption
of the process being limited exclusively to the
recognition or transposition of the Europe-
an directives or Regulation into the national
legislative framework.

The current problem with nanotechnolo-
gy remains the existence of health and envi-
ronmental risks, social and ethical impact.
This topic has not been addressed in the
Republic of Moldova, neither at the level of
state reseurch programme nor at the level of
research authorities, although we recognize
that only certain nanomaterials are potential-
ly dangerous, which still needs to be demon-

strated. The absence of systematic studies,
followed by lack on national regulations, con-
stitutes an argument for “anti-nano” public
campaigns, similar to e.g. “anti-nuclear po-
wer plants”, “anti-genetically modified orga-
nisms”, etc.

The promotion of nanotechnologies is not
possible if there is distrust among the con-
sumer and the general public, and the lack
of structured information and a correct pic-
ture of the associated risks for health, the en-
vironment and the future maintain this dis-
trust. The most important aspect, however,
remains knowledge management, including
risk assessment of new technologies through
their efficient transfer to the new generation
of students, master’'s and doctoral students
[18]. This also will contribute to remove the ad-
ministrative and regulatory barriers, as well as
the reluctance of the private sector to invest
in new technologies and products.

Conclusions

In the Republic of Moldova, there are no
research works that develop the topic of na-
notechnology risk assessment, at least for
the nanomaterials they work with. For these
reasons, research does not contribute to the
development of the national and institution-
al normative framework, including ensuring
one's own security in scientific activity, and
ensuring a positive public perception of soci-
ety towards nanotechnologies.

In the Republic of Moldova, it is imperative
to develop a national regulatory framework
for assessing potential hazards and estimat-
ing potential exposure to nanomaterials in
the workplace, integrating health and safe-
ty issues from nanotechnology into existing
methods of learning, monitoring hazards and
establishing the need for new methods of ad-
ditional screening.

We realize that nanotechnology with im-
measurable societal potential is not without
associated risks. This denoted the critical im-
portance of teaching and transferring knowl-
edge to the younger generation. When solv-
ing this problem, we will note the following,
the main requests caused by:
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the complexity of the subject, which re-
quires a balanced proportion of knowl-
edge transfer from different exact and
socio-human disciplines to ensure an ade-
quate background of the knowledge of the
young generation;

the safety of nanotechnologies denotes
the need for knowledge and appropriate
behavior, socially and ethically responsi-
ble, indispensable for education and re-
search;

knowledge gaps due to ultra-fast progres-
sion, which requires the teacher to refine
his curriculum to keep up with the evolu-
tion of nanotechnologies, giving students
real insights;

responsible dissemination and technology
transfer related to the dual use of nano-
technologies.
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