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The new maintenance engineers become self-taught and learn from daily dedication, from solving repetitive
problems, from exchanging experiences with a colleague, from reading a recommended book and little else. Their
own experience has been the main reference for maintenance professionals who have not given up and have
become experts. And within the maintenance activities, sanitary engineering plays a very important role.
Through the Smart Healthcare Engineering project we have facilitated a close connection between 3 universities
and 3 hospitals from 3 countries (Spain, Turkey and Romania), which benefit from each other’s experience,
transferring the know-how available in a single country. The study involves 7 students from each university,
meaning that 21 students have worked and studied together for 2 weeks in Spain in the field of healthcare
engineering. The chosen hospital was Dr. Negrin Hospital from Gran Canaria. Results at the organizational level
include the modernization of content and the provision of resources for healthcare engineering training, the
introduction of innovative educational concepts in healthcare engineering and the integration of blended
learning methodologies in practical teaching and training activities. A tighter connection and transnational
collaboration were established between European hospitals and universities in healthcare engineering, together
with unrestricted access to routinely updated information. The specific results for each participant indicated their
capacity to engage in the intricate processes of repair and maintenance within a practical context, making real-
time judgments on-site.

1. Introduction

An indication of the level of development of a city is undoubtedly the
quality of the hospitals located in it [1]. The complexity of hospital fa-
cilities and their maintenance is a challenge for healthcare managers [2,
3], derived from regulatory controls and healthcare production stan-
dards. As a consequence of these indicators, there is a high number of
operational failures in their functioning [4], which has a direct impact
on the poor quality of hospital services, creating a direct harm to pa-
tients. To meet these challenges, healthcare managers must have skills in
strategic planning [5], resource management, interdepartmental coor-
dination and risk management [6]. In addition, it is essential to invest in
facility management technology and staff training to ensure efficient
and safe operation of hospital facilities [7].

It has been demonstrated that comfort and safety in the operation of
hospital facilities are directly related and are fundamental aspects of

providing effective and quality medical care [8]. A safe hospital envi-
ronment not only benefits patients, but also medical and support staff.
This includes the implementation of occupational safety measures, such
as personal protective equipment, safety protocols for handling medical
equipment and hazardous substances and the prevention of accidents
and injuries in the workplace [9].

Good maintenance means having trained engineers to meet the de-
mand for breakdowns and problems that arise in the daily operation of a
hospital. Hospitals are subject to a variety of rules and regulations that
set standards for facility maintenance and safety. Specialized engineers
understand these regulations and work to ensure that the hospital
complies with all legal and safety requirements. Failures in hospital
facilities can be catastrophic [3]. Studies on the management of main-
tenance processes by engineers have revealed multiple causes of failure
in hospital facilities, stemming from their lack of experience in such
complex facilities [10]. Maintenance work is fundamental and
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well-trained staff is essential for optimal performance and quality, as
well as for providing good continuity of service in hospital buildings
without affecting patient satisfaction [11]. Effective maintenance in-
volves not only repairing broken equipment, but also optimizing its
performance and efficiency. Trained engineers can identify areas for
improvement in facilities and propose solutions to optimize the use of
resources such as energy, water and materials [12]. The training of
engineers specialized in hospital maintenance is essential to ensure safe
and efficient operation of facilities, prevent catastrophic failures and
comply with applicable standards and regulations.

Distance learning, originating from the pandemic situation was the
only option for postgraduate training of hospital maintenance engi-
neering students. One of the main causes of failure in distance learning is
the lack of creative personality development [13], which can only be
acquired when practicing in real situations, in workshops, industrial
factories, smart buildings, electronic technology industries, etc., the
sensations of live engineering are not comparable with distance learning
[14].

It is an obvious fact that many of the engineers who finish their
studies at university are going to start their professional life working in
different areas of maintenance. And many of these professionals have
entered the maintenance activity without having any academic refer-
ence [15], without knowing the basic concepts and principles of action
within this activity. They become self-taught and learn from daily
dedication, from solving repetitive problems, from exchanging experi-
ences with a colleague [16], from reading a recommended book and
little else. Their own experience has been the main reference for main-
tenance professionals who have not given up and have become experts.
And within the maintenance activities, sanitary engineering plays a very
important role.

The personal development of an engineer is limited by the techno-
logical development he faces in his professional career. In this sense, the
engineer’s creative training forms a fundamental part of the teaching-
learning process [16] and will be his or her future potential to face
new challenges in hospital facilities. An engineer has to be adaptive,
imaginative and creative [17-19], because technology is constantly
evolving, technical controls are changing and becoming more complex,
support and control software are becoming more specific [20], machines
are more efficient, automation of equipment and facilities are in
continuous renewal, the incorporation of new materials with different
energy resources to satisfy more efficiently, communications between
equipment and maintenance personnel, everything evolves and changes
to total productivity, which implies a newer and more adaptive main-
tenance method [21]. The creative activity of each individual is a
valuable and developable property.

The centralization of Smart healthcare tasks involves several inter-
disciplinary fields, including robotics [22], with an example currently
widely used to dispense medicines between the different sectors and
specialties of the hospital area. The integration of robotics in the
centralization of tasks in the field of smart healthcare contributes to
improving operational efficiency, accessibility to medical care and the
quality of services provided. In addition, it leverages technology to
address challenges such as medical staff shortages and care for remote or
marginalized populations. Another area in which this field is based is in
the control sensors of basic functions of the human body, such as
autonomous respirators, blood saturation control, etc., computing has
been one of the fundamental pillars in the evolution of advanced control
software and quantum computing [23], this is part of the present of
intelligent healthcare, with a high degree of technological advancement
and a permanent and continuous development. The transformation from
the analogue to the digital world in the last 30 years has been based
exclusively on information and communication technology (ICT) [24],
as an example of this advance are remote-controlled surgeries via mobile
devices or tablet [25], biomedical engineering together with the
development of communication technologies makes control increasingly
efficient. The introduction of the Internet of Things (IoT) [26-28] and
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Industry 4.0 (I14.0) [29], as well as the development of wireless con-
nectivity, with 5 G systems continuously evolving and integrating more
and more external control devices through more complex data networks
[30,31], operating more efficiently and with a more complex degree of
maintenance, in which data security systems have to be included at a
higher rate of development [32]. The new intelligent control systems
included in recent years in the hospital maintenance industry involve
the creation of new data storage systems [33], the concept of big data
comes into play in a new cloud-based indirect control system [34-37].
The introduction of artificial intelligence is starting to gain notoriety in
decision making and is very recurrent and applicable to the maintenance
of intelligent buildings such as hospitals [38-40].

From this new technological evolutionary situation, dictated by to-
day’s society s new engineers have to master several languages, with the
ability to understand technical documentation, interpret manuals, reg-
ulations and documentation in a language other than their own, thus
creating a new globalized, adaptive and creative engineer [41,42].

Despite the essential role of proficient engineers in upholding hos-
pital facilities and ensuring respect to safety standards, an important
obstacle persists in sufficiently preparing engineers to address the re-
quirements of swiftly advancing technologies and complex maintenance
systems within hospitals. Current research underscores shortcomings in
the practical and innovative training of engineers, especially within
distance learning frameworks, which restrict hands-on experience and
the cultivation of vital adaptable and creative problem-solving abilities.
Moreover, although innovations in technologies like IoT, Industry 4.0,
robotics and Al are rendering hospital maintenance increasingly intri-
cate and data-centric, there is a lack of research regarding the effective
incorporation of these advancements into the training programs for
hospital maintenance engineers. This gap highlights the necessity for
novel educational strategies that connect theoretical knowledge with
practical application, cultivating globally competent, adaptable, and
creative engineers equipped to face the problems of contemporary
medical facilities.

Through SHE study, we will easily facilitate a close connection be-
tween 3 universities and 3 hospitals from 3 countries, Spain, Turkey and
Romania, see Fig. 1, which will benefit from each others experience,
transferring know-how available in one single country. International
collaboration in the field of health and education can be incredibly
enriching, enabling the exchange of knowledge, best practices and re-
sources between different countries and cultures.

2. Project description
2.1. Procedure

The state of the art in developing basic competences in engineering
students today is to take advantage of technology as well as knowledge
to improve both learning and the guided teaching process. Taking into
account that this study has been based on the concept of "Learning and
development" [43], it enhances the value of practice more than theo-
retical teaching [44], with this form of teaching it is assessed that most
of the learning is done informally, 70 % of the work is learned from tasks
in which there is a challenge to overcome, 20 % of the learning is ach-
ieved by sharing knowledge among peers, while the remaining 10 % is
from formal or regulated learning. This 10-20-70 system [45], dem-
onstrates that most of the experiences are acquired in face-to-face ac-
tivities, if the part of peer learning is added, 90 % of non-formal or
informal learning is reached [46]. Informal learning refers to the con-
ducted learning experience, with no apparent structure of knowledge
integration in the student’s training process, becoming a system of
spontaneous and natural experience acquisition [47], sometimes
creating a creative leader [48,49]. Each student must assess the learning
carried out by each partner [50], supervising the progress of each peer
and adjusting the time spent at each stage of the learning process until
the objectives set individually are reached [51].
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Fig. 1. Participating organizations.

The final stage of the training program includes practical training
activities, as well as work specific to the actions carried out during the
training period, will have a direct impact on their creative potential [52,
53]. This collaborative work between students from different countries
of origin and the same training has a positive impact on the final result of
the individual preparation, reflecting in parallel the needs, advantages
and disadvantages of each country in the system of intelligent healthcare
organization and for this purpose it is necessary to develop the creative
potential by taking on new real challenges. The training of the student as
a productive force is the result of the evolution of technology and its
applications to the industrial world. The sense of this study is based on
the development of the creativity of the person with technical knowl-
edge [15], applied to the maintenance of hospitals in 3 work environ-
ments where the common nexus is the sick. Each new engineer will have
his own development depending on the technology he encounters in his
professional future [54] and they will be able to find creative solutions
to new situations and very different from his educational environment
[55] and thus be able to develop the appropriate competences in a very
technical and technological world.

2.2. Objectives

There are three main areas of the objectives (see Fig. 2): first is
regarding higher education, the second is regarding the social inclusion
and the third but not the last is regarding the innovative practices in a
digital era.

2.2.1. First objective: higher education (HE)
Promoting and rewarding excellence in teaching and skills devel-
opment. The purpose of SHE is:

to encourage and facilitate exchange of information and experience
in the broad field of hospital and healthcare facility design, engi-
neering and maintenance.

to promote, develop and disseminate hospital
technology

to compare international experiences

to promote the principle of integrated planning, design and evalua-
tion by improved collaboration between the professions.

engineering

Higher

Education Social

inclusion

Innovative

practices

Fig. 2. The main areas of the objectives.

Every year 21 students (7 from every country) will be selected to
participate in SHE study. The selection process of the beneficiaries to be
selected to participate in the intensive programs will be done by the
Local Organization Office (LOO) of each partner organization (see
Fig. 3). The eligibility of the candidates will be decided by common
agreement, following a selection procedure settled by the consortium.
The application will mainly contain an application form, a CV, a moti-
vation letter, transcript of records and student certificate.

To meet the selection criteria established by SHE, evaluation stan-
dards will encompass the candidate’s academic performance, prior
mobility experience and experience in the host nation, among others.
The student selection process and funding allocation will be equitable,
transparent, consistent and documented, accessible to all stakeholders
involved in the selection procedure. In order to help integrating the
students facing economic obstacles, we will give prioritized access to 6
students (2 from each country), who fall into the category "Social Aid
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Fig. 3. Selection of the students and a class in the installations of the hospital.

Scholarships". The LOO should inform the potential candidates, through
brochures and information meetings and provide help and advice to
candidates to set up their application.

2.2.2. Second objective: social inclusion (SI)
Regarding the social inclusion, the study SHE will:

— provides access to training for students in skills that are specially
within hospitals

— provides access to information that is difficult to find outside the
hospital environment, is scarce and expensive

All the teaching materials were open and free to anyone interested,
regardless of the status or financial situation.

2.2.3. Third objective: innovative practices in a digital era (IPDE)

a) SHE offers innovative teaching methods and digital learning mate-
rials and tools (e-learning platforms, workshops, live streaming,
etc.). All transmission, information, manual and learning materials
will be open and free of charge for anyone interested, regardless of
their status or financial situation.

b) Free access to a systematically updated book with the latest findings
in sanitary engineering will help those interested to develop their
knowledge and skills.

c) SHE promotes more efficient management of the operation, main-
tenance and safety of hospitals, their engineering installation,
equipment and buildings.

d) The promotion of the latest methods in healthcare engineering
through the creation of an easy-to-read online platform that can
facilitate access to the latest research and new discoveries in
healthcare engineering for anyone interested.

e) Employ the strategic use of new technologies in teaching/training
activities using a tele-engineering approach to create an innovative
best practice environment in the form of a platform where students
can experience health engineering procedures. These procedures will
be accompanied by specialist feedback.

f) The simulation and research group created by the consortium after
the duration of the study will help SHE to maintain its objectives and
activities even after the end of the study, which will ensure the
continuation of high quality skills development for many generations
to come.

Our main target group are the students. Through SHE studies we will
easily facilitate a close connection between 3 universities, 3 hospitals
and one company, which will benefit from each others experience,
transferring know-how available in one single country; we will
centralize the most relevant information with the latest techniques on

the e-platform, adaptable to the different users according to their needs
for information.

2.3. Indicators

The organizational outcomes encompass the updating of curriculum
and the allocation of resources for training in healthcare engineering.
Moreover, novel concepts have been formulated to improve education in
this domain, in conjunction with the incorporation of blended learning
methodologies in practical teaching and training endeavors. This pro-
gram promotes enhanced connectivity and international collaboration
among European hospitals and universities focused on healthcare en-
gineering, while offering complimentary access to systematically
updated information.

The results at the individual level for each participant include the
ability to engage in the complex processes of repair and maintenance
within a real practice setting, allowing them to make real-time decisions
on-site. Participants are also anticipated to develop basic competencies
in solving healthcare engineering challenges and delivering effective
solutions. Additionally, they will gain experience in using digital tools as
part of the learning process.

The indicators that were used to achieve the objectives of this study
were as follows:

a) quality control comments by external and internal experts.

b) qualitative evaluation feedback from participants (through ques-
tionnaires and focus groups).

¢) structured web-based database.

d) report with recommendations with learning outcomes.

e) a health engineering manual, with real and easy-to-apply solutions.

f) a training, teaching and learning methodology.

g) weekly update of the electronic platform where the achievements of
each participant are included, in order to promote competitiveness
and creativity among new engineers.

2.4. Methodology

To systematically address the multi-faceted aspect of the project, the
methodology presented in the figure below (see Fig. 4) was developed
and it mainly consists of seven phases. The initial phase employs a
qualitative and quantitative mixed-method approach to foster and
analyze the collaboration between universities and hospitals from Spain,
Turkey and Romania. The methodology focuses on understanding the
mechanisms of knowledge transfer, identifying best practices and eval-
uating the impact of the collaboration. The second phase refers to 3
universities and 3 hospitals, together with professors from the univer-
sities, hospital staff, including administrators, maintenance engineers
and medical professionals and to the last, the students enrolled in health-
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dynamics in health and education
*  Practical frameworks for knowledge sharing between
institutions in different countries

Fig. 4. The phases of the methodology.

Pilot study
45

Select a pilot group

Involve the university and the hospital from Spain

<~

Test instruments
Conduct pilot surveys and interviews to evaluate clarity, reliability and
relevance.

Organize a small-scale workshop or knowledge-sharing session to assess

logistical challenges.

Analyze pilot data
Perform statistical reliability tests Evaluate qualitative feedback for
inconsistencies or gaps.

L

Refinement
Adjust survey questions, interview protocols and collaboration
frameworks based on pilot findings.
Address logistical or technological issues highlighted during the pilot.

~~

..0.0..0\

Validation
Compare pilot results against objectives to ensure the methodology aligns
with the intended goals.

o

Fig. 5. Pilot study.
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related program.

Phase 3 consisted of different sub-phases: 1) Needs Analysis, for
identify existing resources and knowledge gaps in each participating
institution. Online surveys targeting hospital and university staff and
document review of existing practices and regulations in each country
will be performed and as a result, a comprehensive baseline report de-
tailing opportunities for knowledge transfer will be obtained. 2) It has as
objective establish the structure for collaboration, including key areas
for knowledge sharing, communication protocols and training method-
ologies. A standardized framework and toolkits for knowledge transfer
will be obtained. 3) Conduct knowledge-sharing sessions and practical
training by on-site workshops in each country, focusing on specialized
topics like IoT in healthcare and hospital maintenance engineering. 4)
Assess the effectiveness of the collaboration and refine practices having
as a result a final report and recommendations for a sustainable inter-
national collaboration.

Phase 4, the Pilot study, see Fig. 5, has the objective to validate data
collection instruments, detect weaknesses in methodology and ensure
the feasibility of the study and is composed by five steps.

Phase 5 is focus on ethical consideration and consists of obtaining
informed consent from all participants, ensuring data confidentiality
following European, national and local regulations. Is very important
secure ethical approval from institutional review boards of all partici-
pating universities and hospitals.

Phase 6, Data analysis consists of statistical analysis of survey results
using tools like SPSS for quantitative data and NVivo for workshops
feedback qualitative data.

Phase 7, expected outcomes, is detailed in the Fig. 4. By incorpo-
rating the pilot study, this methodology ensures that the study is both
robust and adaptable, capable of delivering meaningful insights into
international collaboration between universities and hospitals.

3. Impact

At the local and regional level, the SHEng project is anticipated to
have a substantial impact on the internationalization process of the re-
gion (see Fig. 6). Specifically, other local and regional organisations are
expected to benefit significantly from the experience and results of the
project. The healthcare engineering field is likely to benefit the most, as
institutes and organization in this field will have the opportunity to
develop academic, teaching and training programs with diverse

european

regional

=

Fig. 6. The levels of impact.
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approaches. This approach will help combat academic inbreeding and
enable the healthcare engineering field to develop based on the meth-
odologies of the SHEng project. Consequently, the impact of the project
will be particularly profound on the healthcare engineering field in the
region.

At the national level, other universities and healthcare systems in the
country can adopt the methodology of the SHEng project and work
together to formulate new methods to prevent and combat different
engineering problems. This approach will facilitate the transfer of
cooperation information into knowledge and knowledge into results,
which is a reliable process necessary at the inter-program level. The
project’s impact on doctors and patients will be apparent in easier and
shorter time installations maintenance through the effective application
of the project’s results. Additionally, the promotion of European values
and social code will enhance the understanding that national borders
should not limit cooperation at an international level and expertise
transfer can help achieve optimal results.

At the European level, the SHE project aims to reduce duplication of
research effort, promote the effective use of resources and increase the
impact of healthcare technology in the field of engineering. Specifically,
the project will focus on describing technology, safety issues and relative
effectiveness, as some data seem more transferable across the con-
sortium. The desired impact of the project is primarily to contribute to
developments in the field of healthcare, facilitate the industrial appli-
cation of new knowledge and research findings and develop high-
quality, relevant competencies of students suitable for the labor mar-
ket. The project will serve as a solid bridge for scientific collaboration
between Eastern and Western European countries and institutions.

In summary, the SHEng project’s potential impact will be significant
and distributed unevenly among participating organisations. The pro-
ject’s impact on each participating organisation will depend on the or-
ganisation’s area of specialisation and the extent to which it can adopt
the project’s methodology. Additionally, the project will benefit other
groups and organisations at local, regional, national and European levels
and the extent of their potential benefits will vary based on their level of
involvement in the project.

4. Discussion

The analysis of the pilot study aimed at validating data collection
tools, identifying methodological shortcomings and assessing the
study’s feasibility. The pilot study included participants from Las Palmas
de Gran Canaria University (7 students and 7 academic staff) and 4
persons from Universitary Hospital Dr. Negrin from Spain, guaranteeing
a representative balance of academic and professional partners. The
results are classified as quantitative and qualitative data.

The validation of data collections tools was made by surveys and
interviews. At surveys the completion rate was 100 % (all the 18 par-
ticipants) and the Cronbachs alpha was 0.85 indicating a strong reli-
ability. 48 % of the questions were rated as “Very clear” and 27 % as
“Clear” and 25 % necessitated additional clarification or rephrasing. The
qualitative feedback was: 1) Students perceived the technical termi-
nology in 4 questions as confusing, 2) Professors observed repetition in
inquiries concerning technological issues and 3) Hospital personnel
valued the pragmatic inquiries but demanded more information. The
interviews were somewhat larger (20 minutes) and therefore the num-
ber of participants was lower (2 professors, 4 students and 1 member of
hospital staff. Interviewees emphasized the extensive range of questions,
which occasionally resulted in repetitions. Hospital personnel under-
lined the necessity for more specific inquiries concerning IoT and
automation obstacles. An agreement rate of 88 % was obtained,
demonstrating significant concordance among reviewers.

At small-scale workshop have participated 7 students, 2 professors
and 1 hospital staff and the duration of it was 4 hours (2 hours of
theoretical presentations and 2 hours of practical sessions). At the end of
the workshop, the students indicated challenges in comprehending
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sophisticated IoT demos owing to insufficient prior exposure. Academics
recommended enhanced congruence between theoretical frameworks
and practical implementations and the hospital personnel valued the
partnership but identified scheduling issues as an impediment to com-
plete engagement. Minor delays in establishing IoT-based simulations
attributed to inadequate preliminary testing were detected. No signifi-
cant interruptions occurred; nevertheless, enhanced coordination be-
tween academic and hospital schedules was advised. 93 % of pilot study
participants recognized the study strategy as attainable and the work-
shop activities along with instrument consistency validated the rigor-
ousness of the methodology.

One of the weakness in the study was that even the surveys and in-
terviews indicated accuracy and relevance, it is needed improvement in
solving technical difficulties and repetition. The workshop approach was
effective; nonetheless, it necessitated improved preparatory materials
for students and a more coordinated timetable for participants. The data
collection tools were substantial but need improvement to remove
redundancy and solve deficiencies in basic knowledge and emerging
subjects such as cybersecurity. Improvements increased the visibility,
significance and efficiency of data collection tools and logistical ar-
rangements. Professors underscored the scholarly significance of syn-
chronizing pedagogy with state-of-the-art IoT innovations and the
hospital personnel emphasized the practicality of expanding the system
to encompass additional hospitals and universities.

5. Conclusions

SHE is an evolving idea that depends on the integration of diverse
engineering principles and advanced technological breakthroughs rele-
vant to healthcare. The demand for smart healthcare engineers is ex-
pected to increase, necessitating the training of qualified engineers. This
research aims to present a methodology for transnational workshops in
smart healthcare engineering education. Students gained new skills as
well as expertise in emerging technologies critical to smart healthcare
through the course’s core topics.

Collaborative interdisciplinary work increases creativity in work
groups, as well as interpersonal relationships between new engineers,
developing fully trained professionals to be able to develop any activity
within smart healthcare maintenance. It also prepares them to effec-
tively address complex, multidimensional health care challenges.

CRediT authorship contribution statement

Luis Fernando Talavera Martin: Writing — original draft, Valida-
tion, Resources, Methodology, Investigation, Formal analysis, Concep-
tualization. Julia Mirza-Rosca: Writing — review & editing, Writing —
original draft, Validation, Methodology, Investigation, Conceptualiza-
tion. Ioan Fatu: Validation, Supervision, Resources, Project adminis-
tration, Formal analysis, Data curation, Conceptualization. Mircea
Horia Tierean: Supervision, Project administration, Data curation.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper
Acknowledgments

We hereby acknowledge the project “The Smart Healthcare Engi-

neering (SHEng)”, with number 2023-1-RO01-KA220-HED-000159985,
co-funded by the European Union and Cabildo22-01.

Computational and Structural Biotechnology Journal 28 (2025) 1-8
References

[1] Szczepanska A, Kazmierczak R, Myszkowska M. Smart city solutions from a societal
perspective—a case study. Int J Environ Res Public Health 2023;20(6):5136.
https://doi.org/10.3390/ijerph20065136.

[2] Wong WF, Olanrewaju A, Lim PI. Importance and performance of value-based

maintenance practices in hospital buildings. Sustainability 2021;13.

Farhana Omar M, Aswad Ibrahim F, Mohd Sabki Wan Omar W. Key performance

indicators for maintenance management effectiveness of public hospital building.

MATEC Web Conf 2017;97.

Pakrudin NAA, Abdullah MN, Asmoni M, Mei JLY, Jaafar MN, Mohammed AH.

Critical success factors for facilities management implementation in the healthcare

industry. Int J Real Estate Stud 2017:11.

[5] Dal Mas Francesca, Massaro Maurizio, Rippa Pierluigi, Secundo Giustina. The
challenges of digital transformation in healthcare: an interdisciplinary literature
review, framework and future research agenda. Technovation 2023;123:102716.
https://doi.org/10.1016/j.technovation.2023.102716.

[6] Paul P., Singh B., Healthcare employee engagement using the internet of things: a

systematic overview. In: Tyagi, P., Chilamkurti, N., Grima, S., Sood, K., Balusamy,

B. (Eds.) The Adoption and Effect of Artificial Intelligence on Human Resources

Management, Part A (Emerald Studies in Finance, Insurance and Risk

Management). Emerald Publishing Limited: Leeds, pp. 71-97. http://doi.org/10.11

08/978-1-80382-027-920231004.

Gjellebak Camilla, Svensson Ann, Bjgrkquist Catharina, Fladeby Nina,

Grundén Kerstin. Management challenges for future digitalization of healthcare

services. Futures 2020;124:102636. https://doi.org/10.1016/j.

futures.2020.102636.

[8] Lavy S, Shohet IM. Integrated maintenance management of hospital buildings: a
case study. Constr Manag Econ 2004;22:25-34. https://doi.org/10.1080/
0144619042000186031.

[9] Tersoo Catherine A, Towfek SK, A. Abdelhamid A. An Overview of the Evolution
and Impact of Chatbots in Modern Healthcare Services. Mesop J Artif Intell Healthc
2023;2023:71-5. https://doi.org/10.58496/MJAIH/2023/014.

[10] Al-Zubaidi H. Assessing the demand for building maintenance in a major hospital
complex. Prop Manag 1997;15:173-83. https://doi.org/10.1108/
026374797101781809.

[11] Amankwah O, Choong W-W, Mohammed AH. Modelling the influence of
healthcare facilities management service quality on patients satisfaction. J Facil
Manag 2019;17:267-83. https://doi.org/10.1108/JFM-08-2018-0053.

[12] Boadi EB, Wenxin W, Bentum-Micah G, Asare IKJ, Bosompem LS. Impact of service
quality on customer satisfaction in Ghana hospitals: a pLS-SEM approach. Can J
Appl Sci Technol 2019:7.

[13] Zampetakis LA, Tsironis L, Moustakis V. Creativity development in engineering
education: the case of mind mapping. J Manag Dev 2007. https://doi.org
10.1108/02621710710740110.

[14] Akhmetgareeva R, Khasanova N, Gulkanyan M. The main trends in the process of
building the creative potential of engineering students. E3S Web Conf 2021;274.
https://doi.org/10.1051/e3sconf/202127412004.

[15] Klukken PG, Parsons JR, Columbus PJ. The creative experience in engineering
practice: implications for engineering education. J Eng Educ 1997;86:133-8.
https://doi.org/10.1002/j.2168-9830.1997.tb00276.x.

[16] Daly SR, Mosyjowski EA, Oprea SL, Huang-Saad A, Seifert CM. College students’
views of creative process instruction across disciplines. Think Ski Creat 2016;22:
1-13. https://doi.org/10.1016/j.tsc.2016.07.002.

[17] Cropley DH. Promoting creativity and innovation in engineering education.
Psychol Aesthet, Creat Arts 2015;9:161. https://doi.org/10.1037/aca0000008.

[18] Badran I. Enhancing creativity and innovation in engineering education. Eur J Eng
Educ 2007;32:573-85. https://doi.org/10.1080/03043790701433061.

[19] Atwood SA, Pretz JE. Creativity as a factor in persistence and academic
achievement of engineering undergraduates. J Eng Educ 2016;105:540-59.
https://doi.org/10.1002/jee.20130.

[20] Lalband N, Kavitha D. Software engineering for smart healthcare applications. Int J
Innov Technol Explor Eng 2019;8:325-31. doi:0.35940/1jitee.F1066.04865419.

[21] Cannavacciuolo Lorella, Capaldo Guido, Ponsiglione Cristina. Digital innovation
and organizational changes in the healthcare sector: multiple case studies of
telemedicine study implementation. Technovation 2023;120:102550. https://doi.
org/10.1016/j.technovation.2022.102550.

[22] Ragno L, Borboni A, Vannetti F, Amici C, Cusano N. Application of social robots in
healthcare: review on characteristics, requirements, technical solutions. Sensors
2023;23:6820. https://doi.org/10.3390/523156820.

[23] Schuller JA, Hevia SA, Schuller IK. Las nuevas fronteras de la fisica de la materia
condensada. Rev la Acad Colomb Cienc Exactas, Fisicas Y Nat 2013;37:463-8.
https://doi.org/10.18257 /raccefyn.28.

[24] Von der Heyde M, Auth G, Hartmann A, Erfurth C. Hochschulentwicklung im
Kontext der Digitalisierung-Bestandsaufnahme, Perspektiven. These Inform 2017;
2017. doi:10.18420/in2017_175.

[25] Blanco, J.; Reynoso, P.; Ferre y Ferre, E. Control inalambrico de mesa quirtrgica
desde dispositivo mévil; 2018.

[26] Baker SB, Xiang W, Atkinson I. Internet of things for smart healthcare:
technologies, challenges and opportunities. IEEE Access 2017;5:26521-44. https://
doi.org/10.1109/ACCESS.2017.2775180.

[27] Sadiku MNO, Alam S, Musa SM. IoT for healthcare. Int J Electron Commun Eng
2018;5:5-7. https://doi.org/10.14445/23488549/1JECE-V5111P102.

[28] Parra, P.A.A.; Angarita, D.F.C.; Hidalgo, A.E.M.; Meneses, J.L.M.; Rojas, J.S.S.;
uiroga Torres, D.A. Sistema de monitoreo remoto de variables medioambientales

[3

—

[4

=

[7

—


https://doi.org/10.3390/ijerph20065136
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref2
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref2
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref3
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref3
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref3
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref4
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref4
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref4
https://doi.org/10.1016/j.technovation.2023.102716
http://doi.org/10.1108/978-1-80382-027-920231004
http://doi.org/10.1108/978-1-80382-027-920231004
https://doi.org/10.1016/j.futures.2020.102636
https://doi.org/10.1016/j.futures.2020.102636
https://doi.org/10.1080/0144619042000186031
https://doi.org/10.1080/0144619042000186031
https://doi.org/10.58496/MJAIH/2023/014
https://doi.org/10.1108/02637479710178189
https://doi.org/10.1108/02637479710178189
https://doi.org/10.1108/JFM-08-2018-0053
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref11
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref11
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref11
https://doi.org/10.1108/02621710710740110
https://doi.org/10.1108/02621710710740110
https://doi.org/10.1051/e3sconf/202127412004
https://doi.org/10.1002/j.2168-9830.1997.tb00276.x
https://doi.org/10.1016/j.tsc.2016.07.002
https://doi.org/10.1037/aca0000008
https://doi.org/10.1080/03043790701433061
https://doi.org/10.1002/jee.20130
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref19
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref19
https://doi.org/10.1016/j.technovation.2022.102550
https://doi.org/10.1016/j.technovation.2022.102550
https://doi.org/10.3390/s23156820
https://doi.org/10.18257/raccefyn.28
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref23
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref23
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref23
https://doi.org/10.1109/ACCESS.2017.2775180
https://doi.org/10.1109/ACCESS.2017.2775180
https://doi.org/10.14445/23488549/IJECE-V5I11P102

L.F. Talavera Martin et al.

[29]

[30]

[31]

[32]

[331]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]

en salas de cirugia de una clinica de cuarto nivel de complejidad mediante el uso de
internet de las cosas (IoT). Encuentro Int. Educ. en Ing. 2020.

Basco Al, Beliz G, Coatz D, Garnero P. Industria 4.0: fabricando el futuro, 647.
Inter-American Development Bank; 2018.

Tebe PI, Wen G, Li J, Yang Y, Tian W, Chong J, Zhang W. 5G-enabled medical data
transmission in mobile hospital systems. IEEE Internet Things J 2022. https://doi.
org/10.1109/J10T.2022.3143873.

Kumar A, Dhanagopal R, Albreem MA, Le D-N. A comprehensive study on the role
of advanced technologies in 5G based smart hospital. Alex Eng J 2021;60:5527-36.
https://doi.org/10.1016/j.aej.2021.04.016.

Kumar DD, Venkateswarlu P. Secured smart healthcare monitoring system based
on iot. Imp J Interdiscip Res 2016:2.

Biancone Paolo, Secinaro Silvana, Marseglia Roberto, Calandra Davide. E-health
for the future. Managerial perspectives using a multiple case study approach.
Technovation 2023;120:102406. https://doi.org/10.1016/j.
technovation.2021.102406.

Yang J-J, Li J, Mulder J, Wang Y, Chen S, Wu H, Wang Q, Pan H. Emerging
information technologies for enhanced healthcare. Comput Ind 2015;69:3-11.
https://doi.org/10.1016/j.compind.2015.01.012.

Emmanouilidou M. The internet of healthcare things: a european perspective and a
review of ethical concerns. Int J Humanit Soc Sci 2019;13:675-9. https://doi.org/
10.5281/zenodo.3298787.

Moro Visconti R, Morea D. Big data for the sustainability of healthcare study
financing. Sustainability 2019;11:3748. https://doi.org/10.3390/su11133748.
Lee, R.S.T. Smart Health. In: Artificial Intelligence in Daily Life; Springer, 2020; pp.
283-299.

Tang KJW, Ang CKE, Constantinides T, Rajinikanth V, Acharya UR, Cheong KH.
Artificial intelligence and machine learning in emergency medicine. Biocybern
Biomed Eng 2021;41:156-72. https://doi.org/10.1016/j.bbe.2020.12.002.

Seo D-W, Yi H, Bae H-J, Kim Y-J, Sohn C-H, Ahn S, Lim K-S, Kim N, Kim W-Y.
Prediction of neurologically intact survival in cardiac arrest patients without pre-
hospital return of spontaneous circulation: machine learning approach. J Clin Med
2021;10:1089. https://doi.org/10.3390/jcm10051089.

Cheng C-Y, Chiu I-M, Zeng W-H, Tsai C-M, Lin C-HR. Machine learning models for
survival and neurological outcome prediction of out-of-hospital cardiac arrest
patients. Biomed Res Int 2021;2021. https://doi.org/10.1155/2021/9590131.
Runco MA, Jaeger GJ. The standard definition of creativity. Creat Res J 2012;24:
92-6. https://doi.org/10.1080/10400419.2012.650092.

[42]

[43]
[44]

[45]

[46]

[47]

[48]
[49]

[50]

[51]

[52]

[53]
[54]

[55]

Computational and Structural Biotechnology Journal 28 (2025) 1-8

Zappe, S.; Mena, L; Litzinger, T. Creativity is not a purple dragon. In Proceedings of
the VentureWell. Proceedings of Open, the Annual Conference; National Collegiate
Inventors & Innovators Alliance, 2013; p. 1.

Arets, J. New Value Creation with Four business models for L&D.

Absi, R.; Lavarde, M.; Jeannin, L. Towards more efficiency in tutorials: active
teaching with modular classroom furniture and movie-making study. In
Proceedings of the 2018 IEEE Global Engineering Education Conference
(EDUCON); IEEE, 2018; pp. 774-778.

Karanovic, B.; Nikolic, G.; Stamouli, A.; Gomez, F.; Kakaris, M. Transnational
Learning, Teaching, Training Activities for B-CAPP Study. In Proceedings of the
The Impact of the 4th Industrial Revolution on Engineering Education: Proceedings
of the 22nd International Conference on Interactive Collaborative Learning
(ICL2019)-Volume 1; Springer Nature, 2020; Vol. 1134, p. 256.

Livingstone DW. Informal learning: conceptual distinctions and preliminary
findings. Counterpoints 2006;249:203-27.

Rabin, R. Blended learning for leadership: The CCL approach. Cent. Creat.
Leadership. www. ccl. org/wp-content/uploads/2015/04/
BlendedLearningLeadership. pdf 2014.

Williams, D.F. On the nature of biomaterials. Biomaterials 2009, 30, 5897-5909.
Davies D, Jindal-Snape D, Collier C, Digby R, Hay P, Howe A. Creative learning
environments in education—a systematic literature review. Think Ski Creat 2013;
8:80-91. https://doi.org/10.1016/j.tsc.2012.07.004.

Kazerounian K, Foley S. Barriers to creativity in engineering education: a study of
instructors and students perceptions. 559-555 2007;48051. https://doi.org/
10.1115/1.2739569.

Ifenthaler D. How we learn at the digital workplace. Digital Workplace Learning.
Springer; 2018. p. 3-8.

Drabkin S. Enhancing creativity when solving contradictory technical problems.
J Prof Issues Eng Educ Pract 1996;122:78-82. https://doi.org/10.1061/(ASCE)
1052-3928(1996)122:2(78).

Vidal, R.V.V. Creativity for engineers. Lyngby, Denmark 2003.

Zhou C. Teaching engineering students creativity: a review of applied strategies.
J Effic Responsib Educ Sci 2012;5:99-114. https://doi.org/10.7160/
eriesj.2012.050205.

Hong, E.; Peng, Y.; O’Neil Jr, H.F. Activities and accomplishments in various
domains: Relationships with creative personality and creative motivation in
adolescence. Roeper Rev. 2014, 36, 92-103, doi:10.1080/02783193.2014.884199.


http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref26
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref26
https://doi.org/10.1109/JIOT.2022.3143873
https://doi.org/10.1109/JIOT.2022.3143873
https://doi.org/10.1016/j.aej.2021.04.016
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref29
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref29
https://doi.org/10.1016/j.technovation.2021.102406
https://doi.org/10.1016/j.technovation.2021.102406
https://doi.org/10.1016/j.compind.2015.01.012
https://doi.org/10.5281/zenodo.3298787
https://doi.org/10.5281/zenodo.3298787
https://doi.org/10.3390/su11133748
https://doi.org/10.1016/j.bbe.2020.12.002
https://doi.org/10.3390/jcm10051089
https://doi.org/10.1155/2021/9590131
https://doi.org/10.1080/10400419.2012.650092
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref38
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref38
https://doi.org/10.1016/j.tsc.2012.07.004
https://doi.org/10.1115/1.2739569
https://doi.org/10.1115/1.2739569
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref41
http://refhub.elsevier.com/S2001-0370(24)00450-1/sbref41
https://doi.org/10.1061/(ASCE)1052-3928(1996)122:2(78)
https://doi.org/10.1061/(ASCE)1052-3928(1996)122:2(78)
https://doi.org/10.7160/eriesj.2012.050205
https://doi.org/10.7160/eriesj.2012.050205
https://doi.org/10.1080/02783193.2014.884199

	Transnational learning and teaching activities: Smart Healthcare Engineering
	1 Introduction
	2 Project description
	2.1 Procedure
	2.2 Objectives
	2.2.1 First objective: higher education (HE)
	2.2.2 Second objective: social inclusion (SI)
	2.2.3 Third objective: innovative practices in a digital era (IPDE)

	2.3 Indicators
	2.4 Methodology

	3 Impact
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References


