


Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 2 of 59

Title: Report #1 on Key Factors for Successful Digitalization of
Practice-based Learning in Healthcare Higher Education

Report authored by: Ariadna Huertas and Beata Dobrowolska

Co-authors: Cristina Casanovas, Daniel Moreno, Agnieszka Chrzan-Rodak,
Magdalena Dziurka, Patrycja Ozdoba, Marta Szara, Jadwiga Klukow, Justyna
Krysa, Michał Machul, Monika Gesek and, Esther Cabrera (coord.) Carlos
Martínez-Gaitero (coord.) and the 4D Project Consortium.

All content published can be shared (CC BY NC SA 4.0)
https://creativecommons.org/licenses/by-nc-sa/4.0/

This report was created by the 4D project.

The 4D project (4D in the digitalization of learning in practice placement) is an
EC-funded project aimed at introducing mobile technology in practice
placements, creating a bridge between the different actors involved learning
contexts to foster the best experience in practice-based learning in healthcare
settings. Our multidisciplinary team uses qualitative, quantitative, and design
methods to help European universities interested in introducing mobile
applications in practice placements. We strive to design the best mobile app
proposals based on input from various stakeholders, including students,
clinical and academic tutors, managers, and others from different contexts
such as universities and centers of practices.

The 4D Project Consortium is: Esther Cabrera1, Carlos Martínez-Gaitero1,
Carles Garcia1, Beata Dobrowolska2, Agnieszka Chrzan-Rodak2 Ariadna
Huertas3, Cristina Casanovas3, Daniel Moreno3, Angela Fessl4, 5Sebastian
Maximilian Dennerlein, Raymond Elferink6, Stephanie Herbstreit7, Cynthia
Szalai7 and Daniela Mäker7.

1Tecnocampus, Pompeu Fabra University. Research group in Attention to
Chronicity and Innovation in Health (Barcelona, Spain); 2Faculty of Health
Sciences, Medical University of Lublin (Lublin, Poland); 3Germans Trias i Pujol
Research Institute (Badalona, Spain); 4Graz University of Technology. Institute
of Interactive Systems and Data Science (Graz, Austria); 5University of Twente
(Enschede, the Netherlands); 6Kubify BV - Learning Toolbox (Utrecht, The
Netherlands); 7Medical Faculty of the University of Duisburg-Essen (Essen,
Germany).

Find out more: https://4d.tecnocampus.cat/

The research leading to these results has received funding from Programme
Erasmus+ Action Type KA220-HED - Cooperation partnerships in higher
education Call 2021 Round 1. Context: Field Higher Education.



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 3 of 59



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 4 of 59

Content

Executive Summary of the Report 6

1. Introduction 8

2. Results from evidence of the literature review and main findings 10

2.1. Literature review 10

2.1.1. Models and theories in practice-based learning 10

2.1.2. Digitalization trends in practical education of future health care/medical professionals. 18

2.1.3. Key factors to digitalize successfully practice-based learning in healthcare higher education by

introducing mobile technology. 24

2.1.3.1. Main facilitators 25

2.1.3.2. Main barriers 26

2.2. Qualitative approach. Needs regarding mobile technology usage in clinical placement 27

2.3. Needs of students involved in practical training 29

2.4. Needs of stakeholders involved in practical training 35

3. Conclusions 41

4. References 43



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 5 of 59



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 6 of 59

Executive Summary of the Report

Background

Introducing mobile technology into clinical education in practice placements has the potential
to enhance the learning experience, improve knowledge retention, and develop clinical skills,
while providing a cost-effective solution for clinical education programs. However, the learning
process in clinical settings involves several actors such as tutors, supervisors, teachers, and
students, and during this complex process, tasks and mentorships must be done in a way that is
synchronized with educational and clinical processes.

Aim

The aim of this report is to describe the key factors of the different models and theories in
practice-based learning (centers, different actors, processes) and to identify the main elements
that need to be considered in the process of introducing mobile technology into practical
education in a clinical environment. Specifically, identifying and analyzing the main facilitators
and barriers, and discussing the needs and perspectives of health care students and
stakeholders involved in clinical education. In order to give response to the main aim of this
report, a literature review and focus groups with healthcare students and stakeholders involved
in practical education were conducted.

Results and outcomes

Our results found many facilitators but also some areas of concern when introducing mobile
technology into clinical education in practice placements. Positive attitude towards mobile
applications, improving the quality of clinical education, managing the learning process
enhancing cooperation and communication, increasing the quality of care and other benefits for
patients are some of the main facilitators. In contrast, lack of clear regulations and guidelines for
using mobile technology in clinical settings, low cultural acceptance of using mobile devices for
scientific and educational purposes, concerns about confidentiality, privacy and patient security,
technical issues, costs and inadequate infrastructure and barriers related to information literacy,
digital competences, and students' and mentors’ skills are the main challenges that need to be
addressed.

From this, we have distilled several key areas that have to be taken into consideration to
co-Design a mobile learning application (app) for successful adoption of mobile technology in
practice-based learning reflecting users’ core values and needs and to ensure a successful
digitalization of practice-based learning in healthcare higher education. By addressing the
challenges and leveraging the facilitators, educators and other stakeholders can develop
effective and innovative digital learning strategies that can enhance the quality of healthcare
education.
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1. Introduction

Clinical placement is an essential part of healthcare students education which educational
institutions spend significant resources to organize. The learning process in clinical placements
involves several actors such as tutors, supervisors, teachers and students and during this
complex process, tasks and mentorships must be done in a way that is synchronized with
educational and clinical processes and embedded in the respective contexts.

Contemporary health systems are aimed at more integrated and person-centered care models
and the use of technology is becoming the rule rather than the exception in most of the
processes related to the provision of care. In this context, healthcare Higher Education
Institutions (HEIs) are introducing the use of technology in their degree programs intending to
train their students in basic skills in digital health and prepare them for their future workplaces.
Mobile technologies, together with respective digital literacy should allow professionals to face
the complex challenges of current health systems and students to facilitate their learning during
periods of clinical practice. Especially in practice-based learning scenarios, this can help to
achieve competencies through identifying learning needs, the context where the practices are
carried out, their purpose or the objectives to be achieved, the way of assessing the students,
the practice education model and the involved actors.

The 4D project (Determinants, Design, Digitalization, Dissemination) in the Digitalization of
Learning in Practice Placement, funded by the European Commission, has investigated how to
introduce mobile technology in practice placements, creating a bridge between the different
actors involved learning contexts to foster the best experience in practice-based learning in
healthcare settings.

In this first part of the report, we describe the key factors of the different models and theories
in practice-based learning (centers, different actors, processes) and the main elements that
need to be considered in the process of introducing mobile technology into practical education
in a clinical environment. Specifically, identifying and analyzing the main facilitators and
barriers. In the second part of this report through a qualitative approach, we explore and
discuss the needs and perspectives of health care students and stakeholders involved in clinical
education. We developed this briefing with the results from a collaborative literature review and
focus groups interviews with students and other stakeholders involved in clinical education. The
main findings are reported in the following sections.

Both reports, 'Report #1 on Key Factors for the Success of Digitalization of Practice-Based
Learning in Higher Health Education' and 'Report #2 on Recommendations to Ensure the
Introduction of Mobile Technology in Practice Environments,' have been developed based on the
results of a literature review and a series of focus groups conducted with students and other
stakeholders engaged in clinical education in three different contexts (Poland, Spain, and
Germany). The main conclusions are presented in the following sections.
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2. Results from evidence of the literature review and main

findings

2.1. Literature review

In this first part of the report, we describe the key factors of the different models and theories

in practice-based learning (centers, different actors, processes) and the main elements that

need to be considered in the process of introducing mobile technology into practical education

in a clinical environment. Specifically, identifying and analyzing the main facilitators and

barriers.

2.1.1. Models and theories in practice-based learning

In the medical professions, clinical training is just as important as theoretical education. Clinical

education aims to ingrain professional competence in students based on the acquired

theoretical knowledge. In addition, during clinical education, the student also develops his or

her personal qualities, which ensure successful functioning after entering the profession

(Dobrowolska et al., 2015). A major challenge for universities during clinical education is to

prepare a consistent training system and use different methods to improve the quality of

education in this field. High-quality clinical education guarantees the strengthening of the

healthcare system, higher quality healthcare services, and the advancement of society

(Pashmdarfard et al., 2020).

Problem-based learning in the process of training healthcare

professionals

Problem Based Learning (PBL) is an important component of medical education. PBL is a

method in which focus is placed on student’s search for a solution to a real-world problem. This

is different from traditional methods which are based on the teacher giving a lecture on a topic

and discussing its practical application. This method supports the application of knowledge and

flexibility in thinking about diagnosis and ways to solve problems (Lawal et al., 2021). The key to

the success of PBL stems from adopting a viewpoint in which students are active participants in

their own learning process and are effectively “learning to learn”. This gives them an awareness

of ownership of this process by strengthening their critical thinking, communication and

teamwork skills. At the same time, teachers must accept the transition of roles – from

“knowledge providers” to “knowledge broker” (Lawal et al., 2021). In the PBL process, the

academic teacher models’ students' leadership skills and clinical reasoning and develops

students' sense of self-efficacy in problem solving by providing positive feedback on the learning

process (Wosinski et al., 2018).

Problem-based learning is a didactic method which promotes clinical reasoning and develops

the effectiveness of cognition in solving clinical problems as well as transformative

metacognition owing to which students can transfer and apply this skill in situations

encountered in daily work (Wosinski et al., 2018). Problem-based learning enables the
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development of these skills by way of solving a clinical problem and critically analyzing, for

example, different interventions and their impact on patient management (Lawal et al., 2021).

The problem-based learning method is associated with practice-based education. Practical

classes are crucial in applying the acquired skills in real-world settings such as a hospital

environment (Nyoni et al., 2021). Today, the expectation is to adopt active education models

focused on student engagement and shifting much of the responsibility for learning outcomes

to the student rather than to the mentor or teacher (Mackintosh-Franklin, 2016). The following

are important in practice-based education: lessons learned, interactions with ward staff, peers

and patients, and information processing (Stoffels et al., 2021).

An important element in PBL is reliance on research-based education in which educators teach

and students are taught, through inquiry and scientific research. The term research-based

education is related to the term “evidence-based practice” (EBP), denoting the use of the best

evidence from high-quality research, backed by the clinician’s expertise and the patient’s

preferences and values with respect to the provision of care. Research-based education is a

concept focused on organizing an educational environment that supports the ability to transfer

EBP learning into curricula, including clinical hands-on learning (Helgøy et al., 2022).

Work-integrated learning

In the healthcare professions, an important aspect of training stems from combining theory

with practice and from implementing theoretical knowledge in real work situations across

various situations and contexts. Work-integrated learning (WIL) can help students integrate

theory with practice, develop skills and knowledge in practice, and prepare them for

professional work. WIL can also foster the exchange of professional experience between

different healthcare professions (Karlsson et al., 2022).

Research suggests that in order to facilitate the transformation of theoretical knowledge into

practical skills and vice versa, educators should pay attention to certain factors that facilitate

this process. These include access to teacher support to make it possible for students to develop

their professional identity, the use and combination of different teaching methods, effective

cooperation between academic teachers and clinical supervisors (Berndtsson et al., 2020). An

important role in work-integrated learning is played by “in-context learning”. With an extensive

body of clinical experiences, opportunities for active questioning, and feedback received with

regard to practice, the planning and implementation of patient care allow for the integration of

students’ theoretical knowledge with clinical practice (Benner et al., 2010). It is also necessary

to minimize the discrepancy between theoretical and clinical training of medical students and

aim for measures with which these educational paths will complement each other.

Self-directed learning

Self-directed learning (SDL) is a process in which the student takes the initiative to diagnose his

or her own learning needs. The process formulates educational goals, identifies human and

material resources to assist in learning, applies appropriate learning methods, and evaluates

their effects (Anshu et al., 2022).
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Academic teachers play a crucial role in self-directed learning. In this educational process,

however, the teacher should be treated as one of the sources of skills, not a source of content.

An academic teacher adopts a supportive attitude, assisting students in identifying their

learning needs and guiding them skillfully to inspire their creativity and critical thinking. By

assuming the role of a partner (which means that the teacher-student relationship becomes

more equal, and the student is comfortable about approaching the teacher with questions) and

a role model, the teacher is also a source of boost for student motivation (Shrivastava &

Shrivastava, 2022).

SDL encompasses many elements of learning, including self-monitoring, interpersonal

communication, motivation, planning and implementation, among others. Self-directed learning

is an approach that allows people to remain flexible, open to change, agile, and resourceful and

develop resilience, e.g., in a constantly changing healthcare organization (Visiers-Jiménez et al.,

2022).

The success of Self-directed learning depends on students’ involvement in the process – this

must begin with acknowledging this method, accepting that SDL can serve as an entryway into

medical education, and enabling evidence-based practice (EBP)(Shrivastava & Shrivastava,

2022).

Self-directed learning has been found to support nurses’ professional development by opening

the possibility of broadening their theoretical foundations and improving the quality of clinical

nursing (Visiers-Jiménez et al., 2022). It has also been recognised as an effective and important

strategy for accelerating learning among medical students (Shrivastava & Shrivastava, 2022).

Consequently, being an independent learner as a student is important, not only in terms of

academic performance, but also with respect to continued professional education necessary to

stay up-to-date and provide safe care to patients (Visiers-Jiménez et al., 2022).

Review of selected educational methods used in practical teaching

With such rapid scientific and technological progress in modern society, the search for new

solutions in the field of education can be considered highly important. Compared to their

predecessors, younger generations of students have different preferences and expectations as

learners. There is a growing demand among today’s students for new, adaptive learning

methods. Members of this generation (Gen Z) use the Internet and social media on a daily basis

and this has become part of their daily life and social interactions. In this regard, it is vital for

educational methods to be adapted to the current needs of students (Szymkowiak et al., 2021).

Mentoring is an increasingly common model used in education because it provides customized

and holistic support for students’ learning process. It entails a relationship, either formal or

informal, between a novice and a person who has experience in a particular field. It is

increasingly gaining recognition as a two-way process that benefits both mentors and mentees.

An effective mentor-mentee relationship is key to successful mentoring and requires

preparation, dedication, and time from both parties (Bettin, 2021; Burgess et al., 2018; Hee et

al., 2019; Henry-Noel et al., 2019).

Mentoring constitutes an essential process in academic medicine and is considered crucial for a

successful and rewarding career in the medical field. Therefore, introducing mentoring into a

student’s life can help a student early on in that path (Ramidha, 2019).
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When performed properly, mentoring provides individualized, impactful and timely support. It

allows for the professional and personal development of the student and medical professionals,

and shapes their values and beliefs, as well as their professional identity and professionalism

(Bettin, 2021; Hee et al., 2019). Furthermore, it allows the curriculum knowledge to be

expanded to include content, not covered in textbooks, on professionalism, ethics, values, and

the medical art. The evident result is increased academic productivity and satisfaction among

students. At the same time, students can build a contact network in their field of interest. The

benefits for mentors identified by the authors include professional activity, rejuvenation, and

supporting the professional development of the next generation (Henry-Noel et al., 2019).

In healthcare training, mentoring can be provided at hospitals, universities, and training

organizations. The practice of mentoring can facilitate understanding the durable components

of practice in these organizations. Mentoring includes both a coaching role and an educational

role (Burgess et al., 2018).

It should be characterized by self-awareness, focus, and mutual respect. It should be based on

the principles of proper communication (Henry-Noel et al., 2019).

Mentors are role models for safe and effective practice. They support learning in line with the

scope of practice to aid the students in achieving the required skills. The mentor provides

assistance and supervision, in addition to feedback on the student's progress. He or she has

up-to-date knowledge and experience in the area where support, supervision and feedback is to

be provided (Nursing and Midwifery Council, 2018).

An effective mentor has qualities such as enthusiasm, generosity, patience, sense of humor,

knowledge, and competence. The ideal mentor will have the readiness to share personal and

professional experiences; selflessness; the ability to transfer knowledge, skills and values; and

the ability and willingness to promote networking opportunities for the student. The mentor is

an advocate for the mentee (Burgess et al., 2018; Henry-Noel et al., 2019).

The "flipped classroom" model assumes that students become familiar with the theoretical

material at home (through knowledge and understanding), so they come to class prepared and

carry out practical tasks and exercises to consolidate and check what they learned (application,

analysis and synthesis) (Ramnanan & Pound, 2017). The teacher is present during the class and

has the opportunity to supervise students’ activities, check if students are making progress with

the material, and can also introduce more active forms of work - in pairs and groups or through

discussions, quizzes and projects (Blair et al., 2020; Ramnanan & Pound, 2017). Rather than just

a lecturer, the educator becomes more of a guide, facilitator, and mentor for students. Students

can therefore take responsibility for acquiring knowledge, are able to learn independently and

apply theory in practice; they can also self-assess and evaluate each other (E. Chan et al., 2021).

The problem of failing to understand the material is reduced to a minimum, and students who

are prepared for the lessons gain the confidence necessary for active participation in class.

A typical “flipped classroom” model consists of three permanent elements: student’s

preparation with the help of materials provided by the teacher, face-to-face activities, and

post-class assignments (Im& Jang, 2019; M. K. Lee & Park, 2018; Oh et al., 2017; Park & Park,

2018). This method requires a substantial degree of involvement from both parties: the student

and the teacher. The materials are usually distributed among students via an internal online

system, at least seven days before classroom lessons. In the current age of technological

advancement, forms of education that can be used include video recordings of lectures;

narrated multimedia presentations; or instruction videos on how to carry out a particular
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nursing procedure, supplemented with reading materials (Greenwood & Mosca, 2017; Oh et al.,

2017; Park & Park, 2018).

A review of the literature shows that medical students are satisfied with the change from

conventional learning to a “flipped classroom”. Studies published to date reveal high student

satisfaction with the use of pre-lesson educational resources prepared in a manner which is

based on a proven theory of learning and makes efficient use of modern technologies (Kim et

al., 2017; Ramnanan & Pound, 2017; Saunders et al., 2017). Perhaps this is because this method

allows students to get actively involved in the learning process from the very beginning, rather

than being passive listeners. Furthermore, “flipped classroom” strengthens students’ bonds

within a team when they work in groups of several people (Xu et al., 2019).

Narrative medicine in the education of medical students focuses on its objectives of instilling in

students the ability to listen carefully to the patient and to reflect with a view to facilitating a

holistic approach to care for the patient and his or her family. One of the ways to develop

reflective skills is through reflection groups, in which patient cases are discussed in an

atmosphere of mutual respect, with focus placed on understanding the problem rather than

immediately providing a solution by sharing instructions on how to proceed. Another method

for improving reflective skills is creative writing, as part of which participants share ideas,

inspire each other, and broaden their imagination. An important element of narrative medicine

is building relations with their recipient, for example the patient (Huang et al., 2019). Narrative

medicine encourages members of healthcare personnel to use their creativity as a tool for

professional development (Lijoi& Tovar, 2020). The use of narrative medicine in the education of

medical students benefits their professional development by teaching them to approach

patients in an understanding, compassionate and empathetic manner (Milota et al., 2019), as

well as it improves their listening and observational skills and the ability to reflect and assume

another person’s perspective (Marchalik, 2017). Other important elements that are specific for

narrative medicine and should be passed on to students during professional training are as

follows: taking an interest in the patient; observing the patient’s non-verbal behaviours;

refraining from judging or interrupting the patient; waiting for the patient to break the

conversational silence first; listening to the patient’s cues and following them; bearing in mind

the context of the disease as well as the feelings of shame, fear and guilt that accompany

patients, and their beliefs as to the cause of the disease(Zaharias et al., 2018).

An element that can support clinical reasoning and boost the decision-making and diagnostic

process is mind mapping. This method uses a combination of text and graphics to make abstract

problems more concrete and simplify complex issues. The use of mind maps in teaching can to

some extent help students in problem-based education by breaking down complex problems.

This, in turn, can improve students’ learning outcomes. The authors’ research indicates that the

combination of PBL and mind mapping promotes the mastering of theoretical knowledge,

improves practical skills, and increases satisfaction with self-learning (Gao et al., 2022).

Interprofessional education

Increasing attention is being paid to interprofessional education, defined as a process in which

two or more professions learn together, from and about each other, to improve collaboration

and quality of care (Visser et al., 2017). During such classes, both teachers and students from

two or more health professions work together to create a collaborative learning environment

(World Health Organization, 2010). The primary methods of interprofessional education are
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based on small-group activities, collaborative discussions around specific cases, role-playing,

and, increasingly, scenarios enacted in medical simulation (West et al., 2016).

As part of interprofessional education, students should learn and understand each other’s

responsibilities and professional roles, learn how to communicate and resolve conflicts together,

and gain a basic knowledge of ethical practice (Van Diggele et al., 2020). Teachers should also

remember about engaging students in reflective interaction with each other, as well as mutual

teamwork and leadership formation in care teams. Programs that cover interprofessional

education require the participation of an educator who understands how healthcare

professionals work together in patient care. Teamwork in the medical professions is extremely

important and should be trained as early as the university stage. This allows for more effective

communication and cooperation among medical professionals, which in turn contributes to

improved patient satisfaction, reduced medical costs, lower incidence of medical errors,

increased patient safety, and better quality of medical care (Jung et al., 2020).

Organization and structure of clinical education

Practical education involves a three-way partnership between higher education institutions,

students, and the clinical community (Stoffels et al., 2021). The role each of these parties plays

in clinical teaching is interdependent and critical to the development of competences among

nurses in training (Munangatire & McInerney, 2022). Collaboration between academic teachers

and clinical supervisors is aimed at integrating theoretical and practical knowledge, including

developing the ability to apply knowledge in practice and preparing for professional work

(Berndtsson et al., 2020). The structure of clinical training for medical students varies from

country to country, and the organization of clinical training is based on standards set at the

national or local level. The university will usually sign a contract with a hospital or another

medical facility, in which obligations are specified for both parties (Dobrowolska et al., 2015;

Nordquist et al., 2019).

There are many terms (clinical teacher, lecturer practitioner, practice educator, link lecturer,

clinical facilitator, link teacher, link tutor) to describe the role of a nurse employed in an

academic setting, who is responsible for supervising the development of students’ clinical skills

and linking theoretical knowledge during clinical practice (Pedregosa et al., 2020). Irrespective

of the nomenclature adopted, it is very common for a nurse to take on at least three roles: the

academic role related mainly to the university, as a clinical educator in practice, or as a teacher

in both clinical practice and the university. If the nurse works only at the university, she is

supplemented by clinical internship coordinators, clinical supervisors, and clinical instructors.

Clinical instructors are employed by an academic institution to provide clinical teaching. In

addition to nurse educators and clinical instructors, there are also nurses employed in hospitals,

where they are responsible for organizing nursing care and perform a teaching role

(Munangatire & McInerney, 2022). A clinical instructor assumes direct supervision of a group of

6-8 nursing students in a clinical unit (Rodger & Juckes, 2021).

The key role in clinical training is played by a clinical mentor who directs and supervises

students’ practical training. To a large extent, it is up to clinical mentors to determine to what

extent students achieve the desired learning outcomes in terms of practical skills. Their

responsibility is to facilitate the student’s integration into the clinical environment and is

responsible for assessing the competencies acquired by the student during clinical training. We

can distinguish between two types of clinical mentors. A teacher can be a person employed at
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the university who enters the clinical environment from another field. This type of mentor can

spend more time with students and focus on their individual problems concerning the skills they

are acquiring. He or she will usually be familiar with curricula, as well as the learning outcomes

and teaching methods. A teacher can also be a person employed at a medical facility, thus being

able to introduce students to the realities of work in a clinical setting and integrate them into

the team. This, however, often comes at the cost of reduced availability of the mentor for the

students. Such mentors sometimes experience role conflicts which result from meeting patient

care requirements while performing clinical mentoring duties for students (Carnwell et al., 2007;

Dobrowolska et al., 2016).

In clinical education, we can also encounter link tutors who are university employees

responsible for and overseeing the implementation of the curriculum during clinical classes;

they also provide students with learning support and monitor their performance. Link tutors are

also in charge of quality assurance and the auditing of practical classes, and their role focuses

on problems that arise in the course of clinical training. When working with clinical mentors, link

tutors have the task of preparing them for their role and supporting them in their practice and

its implementation, which is evidence- and curriculum-based. Link tutors should inform mentors

about educational changes and program modifications, report on student learning outcomes,

and provide support in the student assessment process (Carnwell et al., 2007).

In Europe, student supervision during part of clinical classes is ensured by academic teachers;

during the other part, it is supervised by employees of the facility where the classes are held

(Dobrowolska et al., 2016). Alternatively, a member of the staff may also be employed on a

part-time basis as academic teacher or, vice versa, an academic lecturer is an employee of a

healthcare facility (Dobrowolska et al., 2016; Saarikoski et al., 2013). With such a mentoring

model, the teacher remains in contact with the student during both theoretical (at the

university) and practical classes.

Figure 1. Stakeholders involved in the process of practical training
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The roles of clinical educators/instructors vary from country to country mainly with respect to

their responsibilities and employment status. For example, academic stakeholders are

concerned that the biggest challenge for clinical educators is their inadequate preparation,

which leads to poor educational outcomes (Jetha et al., 2016). Nursing instructors should be

required to have an academic background, and in order to improve the quality of clinical

education, curricula should be systematically developed for nurses who want to work as clinical

instructors (Beiranvand et al., 2021).

To illustrate the various approaches to actors in clinical education, we have provided some

examples. In Austria, the system of mentoring during clinical practice is divided between nurse

educators and ward nurses. The teacher accompanies the students for at least 50 hours during

the three-year training. They receive instruction in nursing care planning, clinical skills, and

communication with patients. They are also given feedback from their teacher on their

performance. For the remainder of the clinical practice, nursing students are supervised by a

ward nurse. Clinical internship promotes cognitive, affective and psychomotor skills and is firmly

committed to facilitating the development of professional competence and identity (Mueller et

al., 2018). In the UK, on the other hand, mentoring in nursing is an integral part of

undergraduate education and applies to every nursing student. Throughout their clinical

internship, students are supported and evaluated by their mentors. During the placement,

known as a clinical internship, students receive support from the clinic and the university,

including medical staff, mentors, internship educators, practitioner-teachers, clinical

supervisors, and link lecturers (Foster et al., 2015). Job opportunities for clinical education

nurses are available in Finland – nurses are mainly employed by hospital organizations, being

responsible for organising clinical placements in cooperation with clinical educators. In Sweden,

by contrast, clinical educators are employed by universities and serve as a link between

university and clinical placements. In some countries, such as Australia, universities and

healthcare units jointly run clinical education departments or dedicated educational units to

provide clinical placements for nursing students (Kaarlela et al., 2021).

The clinical learning environment includes various elements that can be favourable in terms of

students' preparation for practice. These include physical space, organisational philosophy, the

characteristics of clinical instructors, learning opportunities offered, and relationships with

educational and service personnel (Flott& Linden, 2016). One of the key challenges in shaping a

clinical learning environment results from the excessive workload of clinical staff (Pedregosa et

al., 2020). The provision of amenities to facilitate learning and access to physical settings

conducive to clinical learning is fundamental for the development of clinical skills (Gosak et al.,

2021).

As can be noted, the clinical learning environment is multidimensional. It comprises many

correlated and intertwined factors: human resources, interpersonal relations, work

organization, and structuring of the learning process. It is therefore important to assess and

monitor both the organizational and learning climates and the correlation between them.

Consequently, more and more tools are being developed to assess the medical educational

environment. The Dundee Ready Educational Environment Measure (DREEM) is a widely

accepted and globally validated tool for collecting information on the medical educational

environment at the undergraduate level (Prashanth & Ismail, 2018). The educational

environment in which students stay has a significant impact on their behaviour, academic

achievements, aspirations, and satisfaction with their studies. Competitive, authoritarian,

stressful or threatening environments can undermine interest and engagement during the

learning process. Assessing students’ perceptions of the educational environment is important

to improve the quality of educational programmes (Shrestha et al., 2019). DREEM is used by
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many institutions for diagnosing the institutional status of the educational environment and to

make comparisons between different programs. The questionnaire makes it possible for

educational administrators to identify problem areas at the program or institutional level, as

well as being helpful in making necessary changes, which results in significant improvements in

the learning environment (Prashanth & Ismail, 2018). Another example of a tool is the Clinical

Learning Environment and Supervision plus Nurse Teacher (CLES+T) scale. The CLES+T scale is

used to assess students’ experience in the clinical learning environment of a hospital unit. The

dimensions assessed by CLES+T are the pedagogical atmosphere (nine items), the leadership

style of the unit manager (four items), the nursing rooms on the unit (four items), the

supervisor relationship (eight items), and the nurse-educator scale (nine items) (Tomietto et al.,

2016).

A common aspect for all countries providing clinical education is the cooperation between the

academic organization and the medical organizations where clinical classes are conducted.

Collaboration between both clinicians and university staff has several potential benefits such as

identification of clinical problems, more opportunities to practice clinical skills, and significantly

improved patient communication and positive teamwork (Direko & Davhana-Maselesele, 2017;

Pedregosa et al., 2020). Good cooperation between all actors involved in practice education

ensures an optimal clinical learning environment, and this is a key factor in achieving the

intended learning outcomes. This can be achieved through the proper flow of information

between facilities, forming strategic collaborations and building collegiality among researchers,

clinicians and students (Antohe et al., 2016; Jayasekara et al., 2018).

2.1.2. Digitalization trends in practical education of future

health care/medical professionals.

In the medical professions, clinical training is just as important as theoretical education. Clinical

education aims to ingrain professional competence in students based on the acquired

theoretical knowledge. In addition, during clinical education, the student also develops his or

her personal qualities, which ensure successful functioning after entering the profession

(Dobrowolska et al., 2015). A major challenge for universities during clinical education is to

prepare a consistent training system and use different methods to improve the quality of

education in this field. High-quality clinical education guarantees the strengthening of the

healthcare system, higher quality healthcare services, and the advancement of society

(Pashmdarfard et al., 2020).

Introduction

The last decade saw various calls for innovation in undergraduate health professions education

(World Health Organization, 2010), so learning methods and pedagogy are shifting in clinical

education (Moro et al., 2020). Particularly, digital education and the use of information and

communication technologies (ICT) have increasingly been used in health professional learning

(Car et al., 2022; Fontaine et al., 2019). In this sense, universities are using progressively more

ICT technologies based on smart and connected information systems, such as electronic medical
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records. This allows students to access computerized records of patient health data and acquire

skills in collecting, recording and managing health data (Raghunathan et al., 2021).

E-learning is defined as the use of ICT to support learning (Clark & Mayer, 2016). E-learning is

increasingly present in clinical and academic settings for the education of health profession

students, creating environments that appear to be effective in improving skills in health

professionals’ students (Fontaine et al., 2019). Moreover, health profession students show a

positive response to e-learning regarding perceptions, acceptance, motivation, and engagement

(Naciri et al., 2021). Modalities to provide synchronous, active learning drills with participants in

different locations have been defined as tele-, remote, distance, virtual, mental and online

simulation (Lioce et al., 2020).

Global technological progress and the development of smart technologies have also made it

possible to introduce modern solutions into the practical training of health profession

candidates (Ghasemi et al., 2020). The increase in the use of digital technology in higher

education is closely linked to the global integration of digital technology in everyday life (Olivier

et al., 2020). In a digital world, learners are different and have grown up with and are

hyper-connected through the Internet (Boysen et al., 2016; Friedman et al., 2016). New

student’s generations prefer learning through innovative methods such as audiovisual

simulations and observations (Kinder & Kurz, 2018).

This process has also been accelerated by the SARS-CoV-2 pandemic, during which traditional

teaching in classrooms and healthcare facilities had given way to remote instruction, also in

medical simulation centers. Finding effective solutions for remote teaching in medical university

programs that rely on hands-on education was a challenge for educators (Naciri et al., 2021).

During the COVID-19 pandemic, various types of platforms were developed to allow both

asynchronous and synchronous learning. Asynchronous systems do not require real-time

interaction between parties of the educational process – they are based on a

“request-response” system; examples include Moodle or Blackboard platforms. Synchronous

platforms, such as Zoom, Skype or Microsoft Teams, allow the exchange of information in real

time (Turnbull et al., 2021). Teaching with short videos available for watching on mobile devices

and the use of mobile apps are becoming increasingly popular (Hester et al., 2021). In addition,

the development in technology, applications and online platforms (Facebook®, WhatsApp®, etc.)

allows for faster exchange of educational materials and communication between students and

teachers (Coleman & O’Connor, 2019). In the studies, their authors point out that technology

allows students to access many websites and applications that enable them to make reasonable

clinical decisions in class and make their ideas more innovative (Gause et al., 2022).

Clinical education programs need to promote student’s self-directed learning, stimulate their

motivation, guide them in setting learning goals and implement effective learning strategies

(Wang et al., 2019). It is necessary to use new practices to increase education’s permanence and

ensure that students take on their roles (Bilgiç et al., 2021). Learners are at the core of digital

health education, so their preferences, needs, experiences and competencies are considered

when education is delivered (Car et al., 2022).

Digital trends

Digital health professions education refers to teaching using digital technology (Car et al., 2019).

There are different digital education technologies modalities, as are defined below:
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1. Offline digital education: it does not require an internet connection and can be delivered

through external media, including CD-ROM, USB stick, etc. (Hervatis et al., 2018).

2. Online digital education is designed to be delivered on PCs, requires an internet

connection and includes multiple media formats (online discussion, chat,

videoconferencing, videos, etc.) (Paul et al., 2018).

3. Virtual reality: involves interactive exploration of a digital (3D) multimedia environment

which can reflect a real-world environment (Kyaw et al., 2019; Moro et al., 2020; Saxena et

al., 2016). For example, it can be used to provide 3D representations of the human body

when learning physiology or anatomy structures. The users’ senses are fully immersed in a

synthetic environment that mimics the properties of the real world (Moro et al., 2020).

4. Augmented reality: this technology superimposes a computer-generated image on a user's

view of the real world by using a camera and screen. Students can interact with both real

and virtual elements (Moro et al., 2020). Allows the opportunity to provide interactive 3D

resources outside the classroom (Birt et al., 2017) and create clinical scenarios (Sutherland

et al., 2019).

5. Holograms and Mixed reality: this technology is relatively new, and most products are still

in the developer level stage. Holograms can incorporate gestures, voice commands and

interactions with models, providing a new student-center teaching modality (Moro &

Gregory, 2019).

6. Virtual patient: it simulates real-life clinical scenarios where students can act as real health

professionals conducting a physical examination or making therapeutic and diagnostic

decisions (Quail & Boyle, 2019).

7. Virtual dissection tables: is a new way to learn anatomy instead of cadaveric dissection. It

is used in several health profession studies enhancing the ability of learners to explore

different anatomical components easily (Narnaware& Neumeier, 2020; Periya& Moro,

2019).

8. High-fidelity manikins: are used to simulate clinical scenarios because they can mimic

elements of human physiology (Carey & Rossler, 2022).

9. Massive open online course: free online courses that are available over the internet to a

large number of participants (Mahajan et al., 2019).

10. Serious gaming and gamification: learning activities are set within a competitive virtual

environment in order to promote the development of knowledge, cognitive and

psychomotor skills (Gentry et al., 2018). It promotes knowledge acquisition, motivation,

perception and improves learning outcomes (Boyle et al., 2016).

11. Social media: it allows sharing information instantly and teaching skills, enhances

collaborative learning and educational practice, engages learners, promotes self-efficacy

and supports student-centered learning (O’Connor & Andrews, 2018; Sterling et al., 2017).

12. Mobile education (m-Learning): a flexible and accessible learning delivered via personal

devices, like smartphones or tablets (Crompton, 2013). Mobile devices are capable of

providing access to a wide variety of educational resources (Moro et al., 2020), enhancing

reflective practice and leading to improved learning outcomes (Pimmer et al., 2016).

Smartphone m-Learning is an effective tool that improves knowledge, skills, confidence

and attitude towards learning (Kim & Park, 2019). Is efficient and beneficial when

acquiring new knowledge and skills and it is seen to be an appropriate complement to

traditional learning methods (Klímová, 2018).

13. 3D printing: is used in education and clinical training across a number of disciplines, such

as physiotherapy or surgery, providing virtual anatomical models and surgical instruments

that can be used for educational purposes (Malik et al., 2015). 3D printed anatomical

models promote self-directed anatomy learning and provide a readily available source of

supplementary teaching materials (Lim et al., 2016). Students feedback is positive and
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obtains better results in knowledge acquisition and structural conceptualization when

using 3D printed models (Su et al., 2018).

14. Online-Hosted video: is a cheap and accessible way as video content can be easily

uploaded to learning management sites or online repositories (Moro et al., 2020).

15. Simulations with Technology Enhanced Learning: simulations provide a safe environment

to practice skills before performing procedures in real life (Martin et al., 2020). Modern

simulations are increasingly using technology-enhanced learning to create virtual patients,

scenarios or environments (Moro et al., 2020). Simulation has become an important

learning method in contemporary health professions education (Gough & Nestel, 2018).

16. Audience response: allow students to participate actively in the class by selecting answers

to questions in real-time displayed in different programs and controlled by educators

(Moro et al., 2020).

Advantages of digital education

Digital trends have been incorporated in clinical education of all health sciences professions.

These innovative methods have been applied in a range of learning and teaching contexts,

including feedback and assessment, clinical skills and techniques, professional behaviours,

clinical reasoning, and fieldwork supervision (Olivier et al., 2020). These digital trends offers

many advantages, as shown below:

1. Flexibility: In general terms, the use of digital technology in health professions education

provides more accessible, standardized, relevant, timely and affordable education and

training. Digital education provides flexibility in terms of learning anytime, anywhere.

Students can access the course materials at their convenience and learn at their own pace

(Hippe et al., 2020; Tumlinson et al., 2019).

2. Cost-effective: Digital education is often more cost-effective than traditional

classroom-based learning as it eliminates the need for physical infrastructure and other

associated costs. For example, personalized augmented reality systems promote

autonomous learning and reduce laboratory materials and educators’ expenses

(Uruthiralingam& Rea, 2020).

3. Improved accessibility: Digital education is accessible to anyone with an internet

connection, which means students from remote or rural areas can also access quality

education. These remote tools can be used to effectively reach trainees in rural or more

resource limited settings to connect to other learners, faculty or even other curricula

(Sanseau et al., 2021). Advanced technology enhances students’ learning by providing

learning opportunities whenever they are needed and with whatever resources they can

access despite geographic distance (Han et al., 2019).

4. Personalized learning and self-directed learning: Digital education platforms often use

adaptive learning technology to personalize the learning experience for each student. Ho

et al., (2021), demonstrated that a teaching intervention program based in an iLearning

app improved the clinical reasoning and self-directed learning in nursing students.

5. Increased interactivity: Digital education often incorporates multimedia elements like

videos, interactive quizzes, and simulations, which can make the learning experience more

engaging and interactive. For example, virtual patient and augmented reality simulations

can offer realistic medical conditions without risk of patient harm and facilitate students’

learning and engagement (Uruthiralingam& Rea, 2020).

6. Increased student confidence: In addition, practical training is increasingly being provided

in simulation centers, where modern equipment uses simulation aids to recreate clinical
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scenarios. Simulation tools are an alternative to the ‘real-life’ patient – here, the student

can make mistakes and learn from these tools without concerns about causing any

damage to the patient (Bruce et al., 2019). Simulation methods also allow the mastering,

through repetition, of manual skills. Simulators are particularly useful for training

procedures and techniques that cannot otherwise be performed in practice or are rarely

encountered in work settings. Simulation improves students’ competence and

performance, as well as their satisfaction and the opportunity to practice in real situations

(World Health Organization, 2013).

7. Improving student skills and learning outcomes: Digital technologies also enhance

students’ knowledge, skills and/or competencies, improving students’ learning outcomes

(Männistö et al., 2020). For example, virtual reality allows students to improve their skills

(Baniasadi et al., 2020). Simulation classes also use virtual reality tools, offering a

computer-generated simulation of the real or imagined world. The experience of virtual

reality involves immersing oneself in a virtual world and interacting with that

environment. VR technology relies primarily on visual interaction with the user, but with

the support of various sensors, it provides a fairly realistic feel of the simulated

environment. This method is especially popular in the practical training of surgeons, where

the student repeatedly practices the surgical process, improving his or her surgical skills in

a virtual environment on a virtual patient. This later translates into the quality of the

procedure in the operating room (Baniasadi et al., 2020).

8. Better student engagement: Digital education can increase student engagement and

motivation. Sanseau et al., (2021), developed a telesimulation education platform,

becoming feasible and effective in teaching specific learning objectives and was positively

recommended by students and faculty users. Other studies have shown the effectiveness

of integrating games into learning apps to facilitate learning complex concepts, enhance

learning enjoyment and stimulate learning motivation (Wang et al., 2019).

9. Collaboration: Digital education platforms often provide opportunities for collaborative

learning through online discussions, group projects, and peer-to-peer reviews, which can

help students develop teamwork and communication skills. For example, game-based

methods, serious gaming or gamification are designed to serve not only entertainment,

but primarily educational purposes. Games actively engage students in the learning

process. Students not only have the opportunity to solve clinical problems and make

clinical decisions but also gain experience in a risk-free environment. Furthermore, they

enhance their analytical skills, strategic thinking, and multitasking. In some games, several

players can participate in the game play, so that students engage in collaborative learning

(Gentry et al., 2019).

Incorporating technology in education is important for training health professionals, where the

necessary knowledge acquisition is much more experiential and hands-on than in many other

disciplines (Moro et al., 2020). Although digital technologies in health profession education are

extensive, they also entail challenges that educators and students must deal with to provide

effective learning environments (Meum et al., 2021).

Mobile learning

In the 1980s, certain novel methods, including video support, started to be used to teach clinical

skills in health sciences (Paul et al., 1998). After, many other digital technologies have been

developed and used in health profession education. But, with the development of 3G mobile
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technology, which supported high data transfer speeds, efforts to use mobile interventions in

education methods started in these past years (Mather et al., 2017).

A remarkable trend within digital education is mobile learning (mLearning), which is defined as

a flexible and accessible learning delivered via personal mobile devices, such as smartphones

and tablets (Crompton, 2013). Mobile learning (mLearning) is a new stage in the development

of e-learning (Nikpeyma et al., 2021)

Mobile devices are considered to be improving the quality of health science education, which is

why it has gained popularity as a tool complementary learning opportunity. They reduce the

workload of the education system face-to-face service 24 hours a day, facilitate study and

reduce education costs (Quant et al., 2016). In addition, mobile technologies increase

permanency in education by providing the student with access whenever and wherever he/she

wants and repeated watching opportunities (Sung et al., 2016).

Health sciences academics have increased interest in incorporating mobile technology in the

classroom as a means to improve the motivation and participation of students (Doyle et al.,

2014). A 2015 survey of 500 medical students found that more than 60% of the respondents

used their mobile devices for education and more than 75% indicated their interest in learning

more about applications available for educational purposes (Green et al., 2015).

The use of digital technology in health professions provides more accessible, standardized,

relevant, timely, and affordable medical education and training (Hippe et al., 2020). Wearable

smart devices can be adapted to enhance student learning (Sumpter et al., 2022) since they

support students particularly in assessment, communication, clinical decision-making,

notetaking and accessing information (Maudsley et al., 2019). Moreover, students received this

mobile support in learning clinical-practical skills positively (Herbstreit et al., 2021).

Mobile devices are also widely used as a learning tool by medical students in clinical settings

(Lee et al., 2021). Over 80% of the knowledge of students is acquired “on the job”, so clinical

practice has become one of the most important parts of students' learning (Dornan et al.,

2019). Mobile devices facilitate access to information and allow students to combine theoretical

training and clinical skills when they are used in clinical placements (Nikpeyma et al., 2021).

However, many challenges regarding implementation of mLearning in clinical contexts have

been reported (Lall et al., 2019), despite the support of educators about the use of mLearning in

clinical practice as a way to enhance teaching and learning (Willemse & Bozalek, 2015). Some of

the barriers described are insufficient institutional structures and resources, a lack of

device-focused training and support, and limited planning and leadership of mLearning

programs (Lall et al., 2019). In addition, there is a lack of a culture of accepting the use of

mobile devices for scientific purposes, especially among staff and patients (Nikpeyma et al.,

2021). One of the chief complaints is that students are using their mobile devices and getting

distracted (Rashid-Doubell et al., 2016). However, according to studies, the most common use

of mobile devices by students is to access information rapidly while in the clinical setting (Chase

et al., 2018). Other advantages of the use of mobile devices in the clinical setting include the

acquisition and retention of new knowledge (Briz-Ponce et al., 2016), and improved

communications (Payne et al., 2012). In clinical attachments, the lack of communication with

clinical teaching fellows and other stakeholders involved in learning, presents an enormous

challenge for students. This leads to little consistency in the delivery of teaching and sometimes

sub-optimal clinical experience (Salam et al., 2021). One of the solutions to this problem is the

use of “Instant messaging applications” which facilitate learning by providing a virtual platform
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where group collaboration, peer communication and multimedia message sharing are allowed

(Coleman & O’Connor, 2019).

Educational reform with technology has been suggested by the World Health Organization

(World Health Organization, 2011), but nurses, doctors and other health professions should be

involved in the research, design, use and evaluation of innovative health technologies (Sumpter

et al., 2022). Moreover, it is also important for healthcare leaders to be part of the conversation

to mitigate the barriers and provide useful resources for better learning using mobile devices

(Lee et al., 2021).

As it has been stated, mobile devices are increasingly used to enable learning, but clinical

placements could incorporate them better (Maudsley et al., 2019). The lack of clear policy and

training of students and teachers on this aspect might impede the use of mobile devices to

maximize learning (Lee et al., 2021).

Due to all advantages that digital trends may have in healthcare higher education but all the

challenges that can also entail and because the aim of this report is to determine the key factors

to introduce mobile technology in practice placements, the following sections will try to give an

overview of the main barriers and facilitators that should be considered.

2.1.3. Key factors to digitalize successfully practice-based

learning in healthcare higher education by introducing

mobile technology.

Digitalizing practice-based learning in healthcare higher education can bring numerous benefits,

including enhanced learning experiences, increased accessibility, and greater efficiency.

However, there are several key factors that need to be taken into consideration for successful

digitalization. To identify the main elements that need to be considered in the process of

introducing mobile technology into practical education in a clinical environment a literature

review was conducted. For the search strategy, PubMed, CINAHL, Scopus, Lens, Google Scholar

and Web of Science databases were used. Manual searches were also conducted, including

reference-sections in core articles and key conference proceedings. Finally, 73 articles published

between 2008 and 2022 were accepted for the analysis, identifying some facilitators and

barriers which are synthesized in the following sections.

Figure 2. Facilitators and barriers to introducing mobile technology into clinical
education.
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2.1.3.1. Main facilitators

Introducing mobile technology into clinical education can be a valuable tool for medical and

health care students during their practice placements. Here are some main facilitators for

introducing mobile technology in clinical education:

Positive attitude of students, educators, staff, and patients towards mobile applications

Generally, there is a positive attitude of students, educators, staff, and patients towards
mobile learning in clinical education and find mobile devices useful. They think that using
mobile devices in the clinical setting is helpful for students’ learning and practice. Students
also prefer mobile devices than textbooks and they think they are an entertaining way to
learn (Bogossian et al., 2009; Chan & Chan, 2021; Dearnley et al., 2008; Doyle et al., 2016;
Farrell & Rose, 2008; Friederichs et al., 2014; George & DeCristofaro, 2016; Gray & Gillgrass,
2020; Johansson et al., 2013; Lamarche et al., 2016; Li et al., 2018; Mann et al., 2015;
Mettiäinen, 2015; Nestel et al., 2014; Positos et al., 2020; Rashid-Doubell et al., 2016; Scott
et al., 2017; Sedgwick et al., 2016; Strandell-Laine et al., 2019; Willemse et al.,) 2019;
Wittmann-Price et al., 2012).

Increasing quality of clinical education

Mobile technology increases the quality of clinical education because it facilitates clinical
learning, consolidates learning, support students’ target-oriented learning and inspire
students’ cognitive learning process. Mobile technology also helps students to test their own
knowledge and clinical abilities, motivating them to work harder. Additionally, it improves
student clinical competency, confidence, and self-efficacy. Facilitate collecting information
rapidly integrated in only one source, providing immediate and easy access at any time and
from any place to up-to date information (Alegría et al., 2014; Attenborough & Abbott, 2018;
Bogossian et al., 2009; Boruff & Storie, 2014; Chan & Chan, 2021; Fournier, 2022; George et
al., 2010; Green et al., 2015; Harrison et al., 2019; Ho et al., 2009; Johansson et al., 2013;
Koohestani et al., 2018; Lall et al., 2019; Lamarche et al., 2016; Lee et al., 2021; Li et al.,
2018; Luanrattana et al., 2010; Mather & Cummings, 2016; Maudsley et al., 2019;
Mettiäinen  et al., 2015; Nikpeyma et al., 2021; Rashid-Doubell et al., 2016; Strandell-Laine et
al., 2018; Willemse et al., 2019; Wu & Lai, 2009; Wyatt et al., 2010).

Managing the learning process

Mobile devices allow tracking of student's progress with intended curriculum outcomes and
help them in identifying areas for student improvement. Teachers can also notice which
students need more support. Mobile applications also help educators in the dissemination of
learning materials, instructions, announcements, assignments and schedules, promoting
students' self-organization and helping them to manage their work-life balance
(Attenborough & Abbott, 2018; Green et al., 2015; Ho et al., 2009; Lamarche et al., 2016;
Luanrattana et al., 2010; Maudsley et al., 2019; Mettiäinen, 2015; Positos et al., 2019;
Snodgrass et al., 2016).

Student-student, student- mentor relationship, cooperation and communication

Using smartphones enables better communication and cooperation with peers, teachers,
mentors and staff. Being connected to university and peers make students feel more
supported and not isolated while they are in clinical placements (Attenborough& Abbott,
2018; Bogossian et al., 2009; Green et al., 2015 ; Ho et al., 2009; Lamarche et al., 2016; Li et
al., 2018; Lai & Wu, 2016; Lall et al., 2019; Luanrattana et al., 2010; Mather & Cummings,
2016; Maudsley et al., 2019; Mettiäinen, 2015; Snodgrass et al., 2016; Strandell-Laine et al.,
2018, 2019; Willemse et al., 2019).

Quality of care and benefits for patients

Using mobile devices in practice placements has also benefits for patients by reducing the
risk of errors, by enhancing evidence-based, safe, and reflective practice and by increasing
diagnostic accuracy. Mobile technology also engages patients in their own care and supports
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patient education (Chan & Chan, 2021; Fournier, 2022; Mather & Cummings, 2015; Maudsley
et al., 2019; Sedgwick et al., 2016; Wittmann-Price et al., 2012).

Practical issues that help

Some practical issues of mobile devices that help and that students appreciate are having all
documents in one central and easily accessible place, portability, ease of use, enjoyment and
immediacy that mobile devices offer them. Saving on printing and time saving are other of
the values of mobile devices have in clinical environments (Alegría et al., 2014; Attenborough
& Abbott, 2018; Boruff & Storie, 2014; Friederichs et al., 2014; Harrison et al., 2019; George
et al., 2010; Gray & Gillgrass, 2020; Green et al., 2015; Johansson et al., 2013; Lamarche et
al., 2016; Lee et al., 2021; Maudsley et al., 2019; Masters & Al-Rawahi, 2012; Mather &
Cummings, 2015; Nestel et al., 2014; Nikpeyma et al., 2021a; Pimmer et al., 2018;
Strandell-Laine et al., 2019; Willemse et al., 2019).

2.1.3.2. Main barriers

While introducing mobile technology into clinical education in practice placement can offer

many benefits, there are also some potential barriers that may need to be addressed. Some of

the main barriers to introducing mobile technology into clinical education in practice placement

include:

Lack of clear regulations and guidelines for using mobile technology in clinical setting 

Using mobile devices in the clinical area as a learning tool is not a formalized process. Some
medical school guidelines do not allow its use and healthcare policies are also inconsistent.
There is a lack of clear instruction in terms of how to use mobile devices in practice placements
and how to integrate mobile devices in student’s learning activities (Attenborough & Abbott,
2018; Harrison et al., 2019; Lall et al., 2019; Lamarche et al., 2016; Lee et al., 2021; Mather &
Cummings, 2015; Rashid-Doubell et al., 2016; Strandell-Laine et al., 2015).

Culture in clinical settings

There is a lack of a culture of accepting the use of mobile devices for scientific and educational
purposes. Teachers, patients and staff do not like students using devices, especially senior staff
and ward management. Additionally, students feel rude to use mobile devices in front of
patients and report that staff and patients assume they are using the device for personal
reasons (Alegría et al., 2014 ; Attenborough & Abbott, 2018; Beauregard et al., 2017 ;
Bogossian et al., 2009 ; Chan & Chan, 2021; Fadi et al., 2015; Farrell & Rose, 2008 ; Fournier,
2022; Gray &Gillgrass, 2020; Green et al., 2015 ; Harrison et al., 2019; Johansson et al., 2013;
Lamarche et al., 2016; Lee et al., 2021; Lall et al., 2019; Mann et al., 2015; Mudsley et al., 2019;
Nikpeyma et al., 2021; Rashid-Doubell et al. 2016; Willemse et al., 2019).

Ethical aspects, privacy, and security

Concerns about confidentiality, privacy and patient security are reported in several studies
when students use their private phones. Mobile technology may also have a negative impact
on communication with patient, perception of care and compassion (Beauregard et al., 2017;
Bogossian et al., 2009; Chan & Chan, 2021; Luanrattana et al., 2010; Mann et al., 2015; Mather
& Cummings, 2015; Maudsley et al. 2019; Wittmann-Price et al., 2012; Wyatt et al., 2010).

Negative impact on practice and learning

Mobile technology can become a distraction that impends the learning process and interferes
the development of a relationship between students and clinical mentor, which is the most
important learning resource. Also inhibits students' learning from patient observation. It can
also be a risk for patients and affect face-to-face communication reducing interpersonal
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communication and eye contact (Harrison et al., 2019; Luanrattana et al., 2010; Maudsley et
al., 2019; Mann et al., 2015; McNally et al., 2017; Mather & Cummings, 2015; Nikpeyma et al.,
2021; Rashid-Doubell et al., 2016; Snodgrass et al., 2016).

Technical issues

Issues related with the battery life of the device, the small screen to read all learning materials,
a complicated scroll view, problems with the device memory and Internet connection,
especially in resource-limited settings, few charging ports available and non-friendly interface.
Moreover, some clinical settings do not allow students to use their Internet and wi-fi. Other
issues are related to data synchronization or non-transferability to different mobile devices,
functionality of software and hardware, and having less features than a computer. Other
barriers are the lack of technical support, issues regarding the risk of theft and damage, the risk
of contamination of mobile devices and the cost of applications, mobile devices and Internet
packages (Attenborough & Abbott, 2018; Boruff & Storie, 2014; Chan & Chan, 2021; Davies et
al., 2012; Dearnley et al., 2008; Farrell & Rose, 2008; Fournier, 2022; Friederichs et al.; 2014;
Green et al., 2015; Harrison et al., 2019; Kenny et al., 2009; Lall et al., 2019; Luanrattana et al.,
2010; Lee et al., 2021; Mann et al., 2015; Masters & Al-Rawahi, 2012; Mather & Cummings,
2016; Maudsley et al., 2019; Nestel et al., 2014; Nikpeyma et al., 2021; O’Connor & Andrews,
2018; Snodgrass et al., 2016; Strandell-Laine et al., 2019; Willemse et al., 2019).

Information literacy, digital competences, and students' and mentors’ skills

Uncertainty about the validity of scientific content on the Internet, lack of fluency in English to
use scientific content, and lack of access to all information are some challenges that users must
face. Also, there is a lack of mentor’s and/or student’s skills in using the device and lack of a
device-focused training and support (Chan & Chan, 2021; Doyle et al., 2016; Farrel et al., 2008;
Fournier et al., 2022; George et al., 2010; Green et al., 2015; Lall et al., 2019; Lee et al., 2021;
Mann et al., 2015; Nikpeyma et al., 2021; Strandell-Laine et al, 2019).

2.2. Qualitative approach. Needs regarding mobile technology usage

in clinical placement

Due to all the challenges that use of mLearning in clinical placements may have and the

importance of considering students and stakeholders when designing innovative educational

technologies, focus groups (FG) were conducted. The aim was to explore the use of mobile

devices as an educational tool from the perspective of undergraduate health profession

students and the main stakeholders involved in professional practical education. Having and

in-depth exploration of the range of potential barriers and facilitators of introducing mobile

devices in practice placements allow insights to be obtained for effective implementation and

positive outcomes.

Participants and setting

The study population were undergraduate health profession students and stakeholders of

University of Lublin (Poland), University of Duisburg Essen (Germany) and Tecnocampus (Spain).

Participants were selected by purposive sampling with maximum variation. Students were

enrolled in an undergraduate nursing, medicine, physiotherapy, or midwife program.

Stakeholders were also included with the following criteria: being involved in practical training

of future nurses, midwifes, physiotherapist, or doctors as clinical mentor, link teacher or

practical training coordinator, hospital ward manager or nurse, midwife, and doctor staff.
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In each country, two focus groups were held: one student’s FG and one stakeholder’s FG,

conducting six focus groups in total with 25 students and 26 stakeholders. Approval of the

Ethical Committee was obtained from the centers involved: University of Lublin (Poland),

University of Duisburg Essen (Germany) and Tecnocampus (Spain). The basic characteristics of

participants are included in Table 1.

Table 1. Students and stakeholders' main characteristics

  Poland Spain Germany

Students n=10  n=10  n=5 

Age (mean value)  21.3  22.8  26 

Gender       

Female   10  7  - 

Male   --- 3  5 

Year of the study 

2nd year (n=5)  --- --- 

3rd year (n=1)  3rd year (n=2)  3rd year (n=1)

4th year (n=2)  4th year (n=8)  4th year (n=3)

5th year (n=2)  --- ---

--- --- 7th year (n=1)

--- --- ---

Nursing  2  8  ---

Midwifery  4  --- ---

Physiotherapy  2  2  ---

Medical  2  --- 5 

Stakeholders* n=6  n=11  n=9 

Age (mean value)  46.66  ---  40 

Gender    --- ---  --- 

Female   6  --- 5 

Male   --- --- 4 

Role in the clinical education    ---  ---  ---

Clinical mentor  3  1  2 

Practical training coordinator  2  3  2 

Faculty administrative staff  ---   2 

Link teacher  5  3  2 

Nurse managers (ward nurse)
/ Hospital ward managers 

2  2  1 

IT department staff  --- 1  --- 

University professors (School
of nursing dean)

 --- 1  --- 

*Some stakeholders held several roles in practical training at the same time 
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Data collection and analysis

Focus groups took place between October – November 2022. Interviews were audio recorded,

transcribed, and analyzed in the original language (Deutsch, Polish and Spanish). Then, results

were translated into English. Each participant of the focus group was given a code/pseudonym

to protect their anonymity.

Data collection and analysis were carried out simultaneously using the thematic content

analysis proposed by ​Braun & Clarke (2012)​. The bottom-up approach was used to create firstly,

very simple codes, to group them together, finding patterns, and inferring a higher level of

meaning from successive readings. The findings are illustrated by verbatim excerpts from the

focus groups.  

2.3. Needs of students involved in practical training

Thematic analysis of the focus group transcriptions helped to identify six categories and 32

subcategories (Table 2).

Table 2. Categories and subcategories emerged from students’ focus groups.

Category  Sub-category 

Organisation of clinical
education 

- Appreciation of clinical education 
- Expectations regarding clinical education 
- Weaknesses in the organization of clinical education 

Enthusiastic attitude toward
mobile technology in clinical
education 

- Mobile technology as a future of clinical education 
- Useful Apps in clinical education 

Benefits of using mobile
technology in clinical
education 
 

- Mobile technology as a learning support 
- Customized learning 
- Application as a means of up-to-date and reliable
knowledge 
- Mobile technology save time for direct care 
- Increasing patient safety and reducing variability during
care 

Expectations regarding
mobile technology in clinical
education 

- Content wishes 
- Changing the way of learning 
- Organization of clinical education  
- Communication and welcoming/onboarding 

Limitations of the use of
mobile technologies in
practical education 

- Interpersonal relationship as fundamental of health care 
- It is only technology – it cannot be trusted 
- Ethical doubts 
- Aseptic issues 
- Lack of time in practice   
- Policies 
- Technical aspects 
- Resistance to change 
- Usage risks  

Conditions for successful
implementation of mobile
technology into clinical
education 
 

- Technical issues 
- Changing attitude of older generation to m-technology and
their earlier education 
- Promotion, training and commitment 
- Content issues 
- Involving students and stakeholders in the design 
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- Funds 
- Issue of obligation 
- App as support of education 
- High level of product and for all students 

 

Organisation of clinical education 

Students appreciated that in their education there is a big number of hours of practical training

and many possibilities of contact with patients. They indicated positively that they have training

with mentors who have double roles, teach and do their clinical job at the same time and they

can work together with staff. Students expect to have clinical/practical training under

supervision of experienced practitioners and in interdisciplinary teams, who should be

enthusiastic when teaching and have an ethical attitude when taking care of patients. At the

same time, students indicated some weaknesses in the organization of clinical education.

Students often highlighted that there is a big gap between theory and practice.  There is no

consistency between what they are taught at the university and what they see in reality.

Moreover, some mentors do not have a positive attitude. For example, German students

noticed that teaching is often understood as annoying by their mentors because of the

workload and it is less “fun” as doing research.  Students also indicated that there are too high

expectations regarding practising some procedures. However, the ratio of clinical

mentor/teacher – student is too high. In such circumstances, there is no possibility to see a

procedure and practice it. All these results are reported in figure 3.

Figure3. Organization of clinical education.
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Enthusiastic attitude toward mobile technology in clinical education 

In general terms, there is an enthusiastic attitude among students. Students underlined that

mobile technology is the future of clinical training and education should keep up with the times.

Students also reported there are many useful apps in clinical education such as anatomic

atlases, apps for dose calculations, etc., which they use while in practice placements. These

results can be seen in figure 4.

Figure 4. Enthusiastic attitude toward mobile technology in clinical education.

Benefits of using mobile technology in clinical education 

Students recognised many elements of mobile technology as a learning support, as it is shown

in figure 5. They can access many learning resources, teachers and mentors can share with

students materials for learning to be read at home or it can be used for notetaking and

searching for reliable information at the point of care (at the patient bedside). Students also

underlined that mobile technology could help in customising their learning. It would be also

useful to track students’ progress and to write notes and provide feedback everyday according

to students' strengths and limitations. In this way students could focus on those areas that need

to be improved. Additionally, it could be used to set challenges and competencies that students

must achieve in order to motivate them and to organize their learning. Mobile technology can

also increase patient safety and reduce variability during care because students can check

clinical guides and protocols of each institution before going to the practice placement. In this

sense, some students reported that each clinical mentor works differently, so if they could check

the clinical guide before doing a procedure, they would feel more ready and confident. Finally,

mobile technology saves time for direct care. Students complained about paperwork overload in

health care. If they use tablets at patients’ bedside to deal with documentation, it could help to

save time for direct care and spend more time with patients.
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Figure 5. Benefits of using mobile technology in clinical education.

Expectations regarding mobile technology in clinical education

Students listed some expectations and uses that mobile technology should have when

introducing it in practice placements, that are shown in figure 6. It could change the way of

learning and increase the quality of practical training. With mobile technology, learning would

become more flexible in time and place, but also in content use. Students could prepare at their

own speed. Students indicated that mobile technology should be used to send homework and

other activities and duties that students are expected to do during their rotations. Mobile

technology could also help in the assessment of students, clinical mentors and practice

placements.

To help in the organisation of clinical education, mobile technology could contain syllabuses and

would help in work with documentation. Additionally, students highlighted that the technology

would be time-saving for clinical mentors and students because they would have all

documentation in one place and mentors could assess students directly from their mobile

phone or PC, sign digitally the attendance sheet, mandatory documents could be uploaded, etc.

Mobile Technology would also facilitate communication and welcoming/onboarding. Students

imagine an instant messaging platform that could be used to communicate with other students

and solve doubts, to communicate with clinical mentors, link teachers, practical coordinator or

other actors involved in practice placements. Moreover, stakeholders could use it to

communicate with students and to provide them important information about the practice

placement before the rotation begins to increase student’s confidence and to welcome them.

Mobile technology also should include information about patient conditions of the unit and

medical equipment, devices and material used. Moreover, the contact details of other peers to
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know their experience in that practice placement, in this way the student could choose the

practice placement according to previous experiences of other students.

Students listed some wishes regarding the content of an app for clinical training. Such

technology should include clinical cases, anatomical atlases in 3D, videos, patient records,

validated scales that are used during their rotations, a platform with job offers when students

finish their education, etc.

Figure 6. Expectations regarding mobile technology in clinical education.

Limitations of the use of mobile technologies in practical education

Students reported several benefits and expectations regarding mobile technology in clinical

education, but they also highlighted some limitations, which are listed in figure 7. For students,

mobile technology could interfere with patient contact and interpersonal relationships, which

are fundamental in healthcare. Moreover, they underlined that it is only technology and cannot

be trusted and replaced their thinking and knowledge of basics. Apart from that, it entails some

ethical doubts. Students indicated that using their phones in front of the patient could be

perceived as disrespectful and unprofessional.

Students also underlined that clinical settings are often too busy to use mobile technology and

some institutions do not allow the use of mobile devices or the use of their Wi-Fi. Students also

mentioned that some devices are heavy and not comfortable to carry in their pocket all the

time. Moreover, the device could be lost or damaged. Additionally, students emphasized that

there could be a resistance to change among clinical mentors and staff. Mobile Technology
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could be seen as an overwork and maybe clinical mentors would not want to teach students

from the university that has implemented the technology. Moreover, students perceived a

missing media competence especially in older teachers. Another risk is that the mobile

technology might not be used by students if it is too complicated to use or if there is no or low

relevance of the content.

Figure 7. Limitations of the use of mobile technologies in practical education.

Conditions for successful implementation of mobile technology into

clinical education

Students enumerated several issues which would make mobile technology interesting and

worth to use, as shown in figure 8. They indicated that it should be easy to use, with a search

engine like Google assistant, with the possibility to work offline. The content should be reliable,

clear, consistent, and standardized with the same structure for every course. Students pointed

out that it would be good to have a long-lasting access to the content. It should be linked to a

learning management system like Moodle or the student administration system. These issues

make Mobile Technology a useful tool as support of education, but it does not replace practical

training. It would be also good if the device is not a mobile phone; students stated that a tablet

could be more trusted by patients. Additionally, this device should have the logo of the

University to look more professional.
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The technology should have a user-friendly and easy interface and it should have different

accesses and view modes according to the user profile (for students, clinical mentors, link

teachers, etc.). It could be used with different software’s (android, windows, etc.) and in

different devices (mobile, tablet, PC, etc.). The technology/innovation/app should be the same

for all students from different universities. Otherwise, it could be a barrier for clinical mentors

to use it. Students also pointed out that the administrative and technical support should be

sufficient.

To ensure a successful introduction of mobile technology in practice placements, there should

be a change in the attitude of some stakeholders, especially the older generation. Students

underlined that they should be trained about the possibilities of mobile technology and its

usage. But training should be organized before its implementation, for all users. This training

could lead to a better promotion and commitment of Mobile Technology. To guarantee a

successful implementation, a teacher's enthusiasm would be also very important. There should

be a commitment among all users, so the use of mobile technology should be mandatory. To

encourage all users, especially clinical mentors, some compensation should be considered.

Promoting an innovative culture among patients and their families could also contribute to a

successful implementation, so teachers and students should explain to them and involve them

in using mobile devices and other technologies. The whole faculty should also support the

implementation, so clear guidelines by the dean’s office and a control authority should be set.

Apart from that, all stakeholders should be involved in the process of co-creation and design of

the mobile technology for clinical education. Moreover, sufficient funds should be considered to

guarantee a successful implementation and mobile Technology should be free of charges for the

final users.

Figure 8. Conditions for successful implementation of mobile technology into clinical

education.
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2.4. Needs of stakeholders involved in practical training  

Practical training has some limitations in its organization that stakeholders must consider.

Stakeholders often cite limitations and risks when introducing and using mobile technologies in

practical education. However, utilizing these technologies can also provide multiple benefits.

Four categories and 22 sub-categories were identified after conducting the analysis.

Table 3. Categories and sub-categories emerged from stakeholders focus groups.

Categories  Sub-categories 

Shortcomings in the
organization of practical
training 
 

Time limits for proper practical education 

Organizational challenges 

Little recognition and encouragement for clinical mentors 

Too many students, not enough places for internships 

Benefits of using mobile
technology in clinical
education 

Changing the way of learning and teaching 
- Quick and easy accessibility and portability 
- Self-directed learning 
- Reducing stress and anxiety 
- Simplifying paperwork and administrative procedures 
- Customizing student's learning and assessment 

Increasing patient safety and reducing variability during care 

Communication and onboarding 

Usage possibilities /Content wishes 

Limitations and risks of
mobile technologies in
practical education 

Lack of experience in using digital technology in clinical education 

Little support of hospital ward managers/staff when an innovation
is proposed 

Interpersonal relationship is fundamental in health care 

Stigma 

Distraction and abusive use 

Conditions for successful
implementation of
mobile technology into
clinical education 

Data protection 

Positive attitude 

Well organized process when designing the technology 

Content issues 

Close cooperation with IT department 

Technical issues and conditions in wards 

Student’s issues 

Funds 
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Shortcomings in the organization of practical training

Stakeholders reported that there are time limits for proper practical education and students

often arrive at practice placements with insufficient theoretical knowledge, making it difficult

for them to fully develop certain skills during practical training. Moreover, sometimes there are

not enough places for internships, so there are too many students in the same clinical

placement. Additionally, the involvement of multiple actors in practice placements can lead to

organizational challenges of practical training. Clinical mentors play an important role but they

often receive little recognition reducing their motivation and engagement. These results are

reported in figure 9.

Figure 9. Shortcomings in the organization of practical training.

Benefits of using mobile technology in clinical education

The results from stakeholders focus groups show that mobile technology into clinical education

in practice placements can offer many benefits and has the potential to change the way of

learning and teaching (see figure 10). Quick and easy accessibility and portability, access to

up-to-date information at the bedside, reducing stress and anxiety by providing learning

resources to students such as videos, drug databases or other apps, are some of the usages that

mobile devices may have. Another benefit reported by stakeholders is that mobile technology

can also assist in the assessment of students during practice placements. It simplifies the

process of collecting and evaluating student performance by providing a centralized location for

all documentation, such as assessment sheets, procedures, and other relevant information.

Mobile technology can also be used to track students' progress and collect data on the skills and

competencies that students have acquired in previous practice placements. Additionally, it can
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also provide insight on a student's learning style, preferences and strengths, which can be used

to design customized educational activities, learning objectives and assessments that align with

a student's specific needs. Additionally, it can also simplify administrative procedures and

reduce the need for paperwork, for example facilitating the process of signing attendance

sheets digitally.

Mobile technology can also facilitate communication among the various actors involved in

practice placements, such as students, university professors, clinical mentors, hospital ward

managers and other staff. This can improve the coordination and communication among all

stakeholders, which can lead to a more efficient and effective onboarding experience for

students. Additionally, mobile technology can be used to provide students with information

about the institution that is hosting them, and to welcome them to the practice placement.

Mobile technology can also standardize the way of learning practical procedures and teaching

which is agreed upon by the different institutions that host students. This can help to reduce

variability during care and increase patient safety. Mobile technology can also enhance

evidence-based practice by providing students with up-to-date and accurate information,

guidelines and protocols.

Figure 10. Benefits of using mobile technology in clinical education.
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Limitations and risks of mobile technologies in practical education

Stakeholders also reported that using Mobile Technology in practice placements also entails

some challenges and has some limits (see figure 11). First, there is a lack of experience in using

digital technology in clinical education and little support from hospital ward managers and staff

when any innovation is proposed, as it can be seen as an overload and lead to resistance to

change. There can also be a perceived stigma among patients and healthcare professionals

when mobile devices are used in the clinical area. On the other hand, for stakeholders,

interpersonal relationships are fundamental in healthcare, so it is important to note that mobile

technology should not be seen as a replacement for direct contact with patients. Distraction and

abusive use are other risks. If students get distracted while using mobile technology in a clinical

setting, it can pose a risk to patient safety. Finally, data protection is a crucial aspect that should

be taken into consideration when developing and implementing mobile technology in clinical

education. Both user and patient data must be protected and treated with the utmost

confidentiality and privacy.

Figure 11. Limitations and risks of mobile technologies in practical education.

Conditions for successful implementation of mobile technology into

clinical education

As Mobile Technology may have several limitations when introducing it in practice placements,

stakeholders highlighted some conditions that can contribute to successful implementation (see

figure 12). The most often underlined condition was digital education, promotion and training

among students and healthcare professionals to use digital tools properly. This promotion can

make them find mobile technology useful and beneficial and encourage them to use it. It is also

necessary for patients in order they view mobile technologies as useful tools for their care.

Through this promotion and training stakeholders and students can develop a positive attitude

to the use of mobile technology in clinical education. For example, clinical mentors and
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university teachers could see that technology reduces time when assessing students, when

communicating with other stakeholders and helps them to organize their clinical education.

Counting on the support of hospital ward managers is also essential to guarantee a successful

implementation in wards. If the practice placement has a digitalization culture, students and

stakeholders would be more motivated to use technologies.

Technology will not be successful if it is not integrated in a course in a didactic meaningful way

and it will not be used in the long term when it is not updated on a regular basis. In this sense,

teachers and other stakeholders involved in clinical education and other users of the innovation

should be involved when designing and introducing changes in the technology. The design and

the use of the app needs to be self-explanatory and there should have a friendly and easy-use

interface. It also should be provided clearly, be valid, updated and evidence-based, present

important themes, there should be consistency through the app, its presentation should be

standardized, and it should be controlled by educators. So, the app may be divided into two

parts: one for stakeholders (university teachers and clinical mentors) and another for students.

There should be constant contact and cooperation with the IT department when designing the

digital tool and during its usage in practice placements to detect some technical problems and

introduce improvements. Moreover, stakeholders indicated that it should be earlier piloted to

check how it works. The innovation should include good hardware and software and have a

good server and be updated regularly. The technology could be used in different devices

(mobile phones, tablets, PC, etc.) and there should be one password to all devices. Moreover,

there should be enough structures to guarantee a proper digitalization in wards, such as Wi-Fi

coverage and access.

Developing and implementing an innovation entails high costs. All stakeholders indicated that

funds are very important on each stage of implementation and designing mobile technology.

Additionally, the introduction of technology should not imply any charges for the final users.

Figure 12. Conditions for successful implementation of mobile technology into clinical

education
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3. Conclusions

The introduction of mobile technology into clinical education can be beneficial for healthcare

students and stakeholders involved in practical education. However, it also entails some

challenges that must be considered.

The literature review and results from students and stakeholders focus groups have converged

to identify specific factors that facilitate and difficult the implementation and use of mobile

technologies in clinical education. These results showed that mobile technology is not widely

used in medical and health sciences clinical education therefore the aim of the project and

partnership is justified, and action needed. This also suggests that there is a growing body of

evidence that can inform the design and implementation of mobile technology-based

educational interventions in this context. Identifying factors that facilitate or hinder the

adoption and use of mobile technologies in clinical education is critical to ensuring the success

of these interventions.

Some of the factors that have been identified in the literature and focus groups that facilitate

the use of mLearning in practice placements are improving access to clinical resources,

enhancing communication and collaboration among healthcare professionals, students and

stakeholders and facilitating self-directed learning.

In general terms, mobile technologies and the possibility of their use in clinical education are

positively assessed by both students and different stakeholders involved in the education

process. Moreover, taking into account the characteristics of Generation Z and their natural

digital competences, the use of mobile technologies in clinical education will be conducive to

improving the effectiveness of learning and the development of clinical skills. So, the natural

digital competencies of Generation Z can be leveraged through the use of mobile technologies,

making it easier for them to learn and develop their skills.

Mobile technology also has the potential to transform the way medical and health sciences

education is delivered, making it more accessible, engaging, and efficient. Moreover, mobile

apps can provide a platform for students and educators to access educational resources and

tools anytime and anywhere, as well as facilitate collaboration and communication among

learners and instructors.

Taking into account the results of literature analysis and the findings of our qualitative research,

mobile technology has a chance to improve the organization of clinical education and improve

communication between all parties involved in the process of practical education.

While introducing mobile technology into clinical education in practice placement can offer

many benefits, it is important to address potential barriers and ensure that students and

healthcare professionals are provided with the necessary training and support to effectively use

these tools. The often-indicated problems when introducing mobile technology in medical and

nursing education is that designing the product is out of the hands of learners and their

teaching staff and without considering the cultural acceptance, social norms governing the use

of mobile devices in clinical settings and the lack of clear policies. Additionally, mobile devices

are introduced with insufficient consideration of course content or needs at the institutional

level, including both sufficient Wi-Fi coverage and the alignment and capacity of teaching staff

to use mLearning. Therefore, to ensure successful implementation of mLearning into clinical

training clear strategy should be developed. Additionally, identifying tips on how to avoid

problems or solve them is also crucial.
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In short, the successful integration of mobile apps in clinical education requires careful planning

and consideration of various factors. Therefore, the project and partnership aimed at promoting

the use of mobile apps in clinical education can be seen as a valuable initiative that could have a

positive impact on the quality and effectiveness of medical and health sciences education.

Overall, the convergence of findings from the literature review and own qualitative study

provides valuable insights into the factors that can promote or hinder the adoption and use of

mobile technologies in clinical education and offers practical tips for addressing potential

challenges. These findings can help inform the development of effective strategies for

introducing and implementing mobile technology-based educational interventions in clinical

education.

On the other hand, results from our literature review and focus groups show that the use of

mobile technology in medical and health sciences clinical education is not yet widespread. This

suggests that there is a need for action to address this gap, and the aim of the 4D project and

partnership to promote the use of mobile apps in clinical education is therefore justified.

Co-designing a mobile learning application that reflects users' core values and needs is essential

to the successful adoption of mobile technology in practice-based learning. The results from the

literature review and the focus groups provided can give valuable insights into users' needs,

values, and preferences. This can inform the design of the app and ensure that it is

user-centered.

In conclusion, successful digitalization of practice-based learning in healthcare higher education

requires careful consideration of the facilitators and barriers. By addressing the challenges and

leveraging the facilitators, educators and other stakeholders can develop effective and

innovative digital learning strategies that can enhance the quality of healthcare education.



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 43 of 59

4. References

Alegria, D. A., Boscardin, C., Poncelet, A., Mayfield, C., & Wamsley, M. (2014). Using tablets

to support self-regulated learning in a longitudinal integrated clerkship. Medical Education

Online, 19(1). https://doi.org/10.3402/MEO.V19.23638

Anshu, Gupta, P., & Singh, T. (2022). The Concept of Self-Directed Learning: Implications for

Practice in the Undergraduate Curriculum. Indian Pediatrics, 59(4), 331–338.

https://doi.org/10.1007/s13312-022-2501-x

Antohe, I., Riklikiene, O., Tichelaar, E., & Saarikoski, M. (2016). Clinical education and

training of student nurses in four moderately new European Union countries: Assessment of

students’ satisfaction with the learning environment. Nurse Education in Practice, 17, 139–144.

https://doi.org/10.1016/J.NEPR.2015.12.005

Attenborough, J., & Abbott, S. (2018). Leave them to their own devices: healthcare

students’ experiences of using a range of mobile devices for learning. International Journal for

the Scholarship of Teaching and Learning, 12(2), 16.

https://doi.org/10.20429/ijsotl.2018.120216

Baniasadi, T., Ayyoubzadeh, S. M., & Mohammadzadeh, N. (2020). Challenges and Practical

Considerations in Applying Virtual Reality in Medical Education and Treatment. Oman Medical

Journal, 35(3), 1–10. https://doi.org/10.5001/OMJ.2020.43

Beauregard, P., Arnaert, A., & Ponzoni, N. (2017). Nursing students’ perceptions of using

smartphones in the community practicum: A qualitative study. Nurse Education Today, 53, 1–6.

https://www.sciencedirect.com/science/article/pii/S0260691717300564

Beiranvand, S., Khan Kermanshahi, S. M., & Memarian, R. (2021). Nursing instructors’

clinical education competencies: An integrated review. JPMA. The Journal of the Pakistan

Medical Association, 71(5), 1458–1466. https://doi.org/10.47391/JPMA.089

Benner, P., Sutphen, M., Leonard, V., Day, L., & Shulman, L. S. (2010). Educating Nurses A

Call for Radical Transformation. John Wiley &Sons,.

Berndtsson, I., Dahlborg, E., & Pennbrant, S. (2020). Work-integrated learning as a

pedagogical tool to integrate theory and practice in nursing education - An integrative literature

review. Nurse Education in Practice, 42. https://doi.org/10.1016/J.NEPR.2019.102685

Bettin, K. A. (2021). The Role of Mentoring in the Professional Identity Formation of

Medical Students. The Orthopedic Clinics of North America, 52(1), 61–68.

https://doi.org/10.1016/J.OCL.2020.08.007

Bilgiç, Ş., Çelikkalp, Ü., & Temel, M. (2021). The Effect of Mobile Learning In The

Acquisition of Nursing Skills. Advances in Nursing & Midwifery, 30(1), 1–9.

https://doi.org/10.22037/jnm.v30i1.33094

Birt, J., Moore, E., & Cowling, M. (2017). Improving paramedic distance education through

mobile mixed reality simulation. Undefined, 33(6), 69–83. https://doi.org/10.14742/AJET.3596

Blair, R. A., Caton, J. B., & Hamnvik, O. P. R. (2020). A flipped classroom in graduate medical

education. The Clinical Teacher, 17(2), 195–199. https://doi.org/10.1111/TCT.13091



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 44 of 59

Bogossian, F. E., Kellett, S. E. M., & Mason, B. (2009). The use of tablet PCs to access an

electronic portfolio in the clinical setting: A pilot study using undergraduate nursing students.

Nurse Education Today, 29(2), 246–253. https://doi.org/10.1016/j.nedt.2008.09.001

Boruff, J. T., & Storie, D. (2014). Mobile devices in medicine: a survey of how medical

students, residents, and faculty use smartphones and other mobile devices to find information.

Journal of Medical Library Association, 102(1), 22–30.

https://doi.org/10.3163/1536-5050.102.1.006

Boyle, E. A., Hainey, T., Connolly, T. M., Gray, G., Earp, J., Ott, M., Lim, T., Ninaus, M.,

Ribeiro, C., & Pereira, J. (2016). An update to the systematic literature review of empirical

evidence of the impacts and outcomes of computer games and serious games. Computers &

Education, 94, 178–192. https://doi.org/10.1016/J.COMPEDU.2015.11.003

Boysen, P. G., Daste, L., & Northern, T. (2016). Multigenerational Challenges and the Future

of Graduate Medical Education. The Ochsner Journal, 16(1), 101. /pmc/articles/PMC4795490/

Braun, V., & Clarke, V. (2012). Thematic analysis. In APA Handbook of Research Methods in

Psychology (Vol. 2, pp. 57–71). American PsychologicalAssociation.

Briz-Ponce, L., Juanes-Méndez, J. A., García-Peñalvo, F. J., & Pereira, A. (2016). Effects of

Mobile Learning in Medical Education: A Counterfactual Evaluation. Journal of Medical Systems,

40(6). https://doi.org/10.1007/S10916-016-0487-4

Bruce, R., Levett-Jones, T., & Courtney-Pratt, H. (2019). Transfer of Learning From

University-Based Simulation Experiences to Nursing Students’ Future Clinical Practice: An

Exploratory Study. Clinical Simulation in Nursing, 35, 17–24.

https://doi.org/10.1016/J.ECNS.2019.06.003

Burgess, A., van Diggele, C., & Mellis, C. (2018). Mentorship in the health professions: a

review. The Clinical Teacher, 15(3), 197–202. https://doi.org/10.1111/TCT.12756

Car, J., Carlstedt-Duke, J., Tudor Car, L., Posadzki, P., Whiting, P., Zary, N., Atun, R., Majeed,

A., & Campbell, J. (2019). Digital Education in Health Professions: The Need for Overarching

Evidence Synthesis. Journal of Medical Internet Research, 21(2). https://doi.org/10.2196/12913

Car, L. T., Poon, S., Kyaw, B. M., Cook, D. A., Ward, V., Atun, R., Majeed, A., Johnston, J., Van

der Kleij, R. M. J. J., Molokhia, M., Wangenheim, F. v., Lupton, M., Chavannes, N., Ajuebor, O.,

Prober, C. G., & Car, J. (2022). Digital Education for Health Professionals: An Evidence Map,

Conceptual Framework, and Research Agenda. Journal of Medical Internet Research, 24(3).

https://doi.org/10.2196/31977

Carey, J. M., & Rossler, K. (2022). The How When Why of High Fidelity Simulation.

StatPearls. https://pubmed.ncbi.nlm.nih.gov/32644739/

Carnwell, R., Baker, S. A., Bellis, M., & Murray, R. (2007). Managerial perceptions of mentor,

lecturer practitioner and link tutor roles. Nurse Education Today, 27(8), 923–932.

https://doi.org/10.1016/J.NEDT.2007.01.005

Chan, E., Botelho, M. G., & Wong, G. T. C. (2021). A flipped classroom, same-level

peer-assisted learning approach to clinical skill teaching for medical students. PloS One, 16(10).

https://doi.org/10.1371/JOURNAL.PONE.0258926



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 45 of 59

Chan, K., & Chan, Y. (2021). Exploring Hong Kong Nursing Students’ Experience of Using

Smartphones in Clinical Practicum. Journal of Biosciences and Medicines, 9(6), 194–207.

https://www.scirp.org/journal/paperinformation.aspx?paperid=110713

Chase, T. J. G., Julius, A., Chandan, J. S., Powell, E., Hall, C. S., Phillips, B. L., Burnett, R., Gill,

D., & Fernando, B. (2018). Mobile learning in medicine: an evaluation of attitudes and

behaviours of medical students. BMC Medical Education, 18(1).

https://doi.org/10.1186/S12909-018-1264-5

Clark, R., & Mayer, R. (2016). e-Learning: Promise and Pitfalls. In E‐Learning and the

Science of Instruction (pp. 7–28). https://doi.org/https://doi.org/10.1002/9781119239086.ch1

Coleman, E., & O’Connor, E. (2019). The role of WhatsApp® in medical education; a scoping

review and instructional design model. BMC Medical Education, 19(1).

https://doi.org/10.1186/S12909-019-1706-8

Crompton, H. (2013). A Historical Overview of M-Learning. In Z. Berge & L. Muilenburg

(Eds.), Handbook of mobile learning (pp. 3–14). Routledge.

Davies, B. S., Rafique, J., Vincent, T. R., Fairclough, J., Packer, M. H., Vincent, R., & Haq, I.

(2012). Mobile Medical Education (MoMEd) - how mobile information resources contribute to

learning for undergraduate clinical students - a mixed methods study. BMC Medical Education,

12(1). https://doi.org/10.1186/1472-6920-12-1

Dearnley, C., Haigh, J., & Fairhall, J. (2008). Using mobile technologies for assessment and

learning in practice settings: A case study. Nurse Education in Practice, 8, 197–204.

https://www.sciencedirect.com/science/article/pii/S1471595307000662

Direko, K. K., & Davhana-Maselesele, M. (2017). A model of collaboration between nursing

education institutions in the North West Province of South Africa. Curationis, 40(1), e1–e10.

https://doi.org/10.4102/CURATIONIS.V40I1.1670

Dobrowolska, B., Mcgonagle, I., Jackson, C., Kane, R., Cabrera, E., Cooney-Miner, D., DiCara,

V., Pajnkihar, M., Prtic, N., Sigurdardottir, A., Kekus, D., Wells, J., & Palese, A. (2015). Clinical

practice models in nursing education: Implication for students’ mobility. International Nursing

Review, 62. https://doi.org/10.1111/inr.12162

Dobrowolska, B., McGonagle, I., Kane, R., Jackson, C. S., Kegl, B., Bergin, M., Cabrera, E.,

Cooney-Miner, D., di Cara, V., Dimoski, Z., Kekus, D., Pajnkihar, M., Prlić, N., Sigurdardottir, A. K.,

Wells, J., & Palese, A. (2016). Patterns of clinical mentorship in undergraduate nurse education:

A comparative case analysis of eleven EU and non-EU countries. Nurse Education Today, 36,

44–52. https://doi.org/10.1016/J.NEDT.2015.07.010

Dornan, T., Conn, R., Monaghan, H., Kearney, G., Gillespie, H., & Bennett, D. (2019).

Experience Based Learning (ExBL): Clinical teaching for the twenty-first century. Medical

Teacher, 41(10), 1098–1105. https://doi.org/10.1080/0142159X.2019.1630730

Doyle, G. J., Furlong, K. E., & Secco, L. (2016). Information Literacy in a Digital Era:

Understanding the Impact of Mobile Information for Undergraduate Nursing Students. Studies

in Health Technology & Informatics, 225, 297–301.

https://doi.org/10.3233/978-1-61499-658-3-297



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 46 of 59

Doyle, G. J., Garrett, B., & Currie, L. M. (2014). Integrating mobile devices into nursing

curricula: opportunities for implementation using Rogers’ Diffusion of Innovation model. Nurse

Education Today, 34(5), 775–782. https://doi.org/10.1016/J.NEDT.2013.10.021

Fadi, K., Sandra, S., Crane, D., & Morgan, C. (2015). Piloting the Use of Smartphone

Applications as Learning Resources in Clinical Nursing Education. American Research Journal of

Nursing, 1(3), 22–27.

https://www.academia.edu/38966378/Piloting_the_Use_of_Smartphone_Applications_as_Lear

ning_Resources_inClinical_Nursing_Education

Farrell, M. J., & Rose, L. (2008). Use of mobile handheld computers in clinical nursing

education. Journal of Nursing Education, 47(1), 13–19.

https://doi.org/10.3928/01484834-20080101-03

Flott, E. A., & Linden, L. (2016). The clinical learning environment in nursing education: a

concept analysis. Journal of Advanced Nursing, 72(3), 501–513.

https://doi.org/10.1111/JAN.12861

Fontaine, G., Cossette, S., Maheu-Cadotte, M.-A., Mailhot, T., Deschênes, M.-F.,

Mathieu-Dupuis, G., Côté, J., Gagnon, M.-P., & Dubé, V. (2019). Efficacy of adaptive e-learning

for health professionals and students: a systematic review and meta-analysis. BMJ Open, 9(8),

e025252. https://doi.org/10.1136/bmjopen-2018-025252

Foster, H., Ooms, A., & Marks-Maran, D. (2015). Nursing students’ expectations and

experiences of mentorship. Nurse Education Today, 35(1), 18–24.

https://doi.org/10.1016/J.NEDT.2014.04.019

Fournier, K. (2022). Mobile app use by medical students and residents in the clinical

setting: an exploratory study. Journal of the Canadian Health Health Libraries Association, 43(1),

3–11. https://doi.org/10.29173/jchla29562

Friederichs, H., Marschall, B., & Weissenstein, A. (2014). Practicing evidence based

medicine at the bedside: A randomized controlled pilot study in undergraduate medical

students assessing the practicality of tablets, smartphones, and computers in clinical life. BMC

Medical Informatics and Decision Making, 14(1), 113.

https://doi.org/10.1186/S12911-014-0113-7

Friedman, C. P., Donaldson, K. M., & Vantsevich, A. v. (2016). Educating medical students in

the era of ubiquitous information. Medical Teacher, 38(5), 504–509.

https://doi.org/10.3109/0142159X.2016.1150990

Gao, X., Wang, L., Deng, J., Wan, C., & Mu, D. (2022). The effect of the problem based

learning teaching model combined with mind mapping on nursing teaching: A meta-analysis.

Nurse Education Today, 111. https://doi.org/10.1016/J.NEDT.2022.105306

Gause, G., Mokgaola, I. O., & Rakhudu, M. A. (2022). Technology usage for teaching and

learning in nursing education: An integrative review. Curationis, 45(1).

https://doi.org/10.4102/CURATIONIS.V45I1.2261

Gentry, S., L’EstradeEhrstrom, B., Gauthier, A., Alvarez, J., Wortley, D., van Rijswijk, J., Car,

J., Lilienthal, A., Tudor Car, L., Nikolaou, C. K., & Zary, N. (2018). Serious Gaming and



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 47 of 59

Gamification interventions for health professional education. Cochrane Database of Systematic

Reviews, 2018(6). https://doi.org/10.1002/14651858.CD012209.PUB2/INFORMATION/EN

Gentry, S. V., Gauthier, A., Ehrstrom, B. L. E., Wortley, D., Lilienthal, A., Car, L. T.,

Dauwels-Okutsu, S., Nikolaou, C. K., Zary, N., Campbell, J., & Car, J. (2019). Serious Gaming and

Gamification Education in Health Professions: Systematic Review. Journal of Medical Internet

Research, 21(3). https://doi.org/10.2196/12994

George, L. E., Davidson, L. J., Serapiglia, C. P., Barla, S., & Thotakura, A. (2010). Technology

in nursing education: a study of PDA use by students. Journal of Professional Nursing ,26(6),

371–376. https://doi.org/10.1016/J.PROFNURS.2010.08.001

George, T., & DeCristofaro, C. (2016). Use of smartphones with undergraduate nursing

students. Journal of Nursing Education, 55(7), 411–415.

https://doi.org/10.3928/01484834-20160615-11

George, T. P., Decristofaro, C., Murphy, P. F., Sims, A., & Sims, A. (2017). Student

perceptions and acceptance of mobile technology in an undergraduate nursing program.

Healthcare (Switzerland), 5(3). https://doi.org/10.3390/healthcare5030035

Ghasemi, M. R., Moonaghi, H. K., & Heydari, A. (2020). Strategies for sustaining and

enhancing nursing students’ engagement in academic and clinical settings: a narrative review.

Korean Journal of Medical Education, 32(2), 103–117. https://doi.org/10.3946/KJME.2020.159

Goh, P.-S., & Sandars, J. (2020). A vision of the use of technology in medical education after

the COVID-19 pandemic. MedEdPublish, 9, 49. https://doi.org/10.15694/MEP.2020.000049.1

Gosak, L., Fijačko, N., Chabrera, C., Cabrera, E., & Štiglic, G. (2021). Perception of the

Online Learning Environment of Nursing Students in Slovenia: Validation of the DREEM

Questionnaire. Healthcare (Basel, Switzerland), 9(8), 998.

https://doi.org/10.3390/healthcare9080998

Gough, S., & Nestel, D. (2018). Educating for professional practice through simulation. In

Learning and Teaching in Clinical Contexts: A Practical Guide (pp. 175–192). Elsevier.

Gray, J., & Gillgrass, K. (2020). A review of the use of technology for pedagogical purposes

by students in clinical placement. Med Ed Publish, 9(1), 12.

https://doi.org/10.15694/mep.2020.000012.1

Green, B., Kennedy, I., Hassanzadeh, H., Sharma, S., Frith, G., & Darling, J. C. (2015). A

semi-quantitative and thematic analysis of medical student attitudes towards M-Learning.

Journal of Evaluation in Clinical Practice, 21(5), 925–930. https://doi.org/10.1111/jep.12400

Greenwood, V. A., & Mosca, C. (2017). Flipping the Nursing Classroom Without Flipping

Out the Students. Nursing Education Perspectives, 38(6), 342–343.

https://doi.org/10.1097/01.NEP.0000000000000167

Han, E. R., Yeo, S., Kim, M. J., Lee, Y. H., Park, K. H., & Roh, H. (2019). Medical education

trends for future physicians in the era of advanced technology and artificial intelligence: An

integrative review. BMC Medical Education, 19(1). https://doi.org/10.1186/S12909-019-1891-5



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 48 of 59

Harrison, A., Phelps, M., Nerminathan, A., Alexander, S., & Scott, K. M. (2019). Factors

underlying students’ decisions to use mobile devices in clinical settings. British Journal of

Educational Technology, 50(2), 531–545. https://doi.org/10.1111/BJET.12579

Hee, J. M., Yap, H. W., Ong, Z. X., Quek, S. Q. M., Toh, Y. P., Mason, S., & Krishna, L. K. R.

(2019). Understanding the Mentoring Environment Through Thematic Analysis of the Learning

Environment in Medical Education: a Systematic Review. Journal of General Internal Medicine,

34(10), 2190–2199. https://doi.org/10.1007/S11606-019-05000-Y

Helgøy, K. V., Bonsaksen, T., & Røykenes, K. (2022). Research-based education in

undergraduate occupational therapy and physiotherapy education programmes: a scoping

review. BMC Medical Education, 22(1). https://doi.org/10.1186/S12909-022-03354-2

Henry-Noel, N., Bishop, M., Gwede, C. K., Petkova, E., & Szumacher, E. (2019). Mentorship

in Medicine and Other Health Professions. Journal of Cancer Education : The Official Journal of

the American Association for Cancer Education, 34(4), 629–637.

https://doi.org/10.1007/S13187-018-1360-6

Herbstreit, S., Herbstreit, F., Diehl, A., & Szalai, C. (2021). A Novel Mobile Platform

Enhances Motivation and Satisfaction of Academic Teachers. Journal of European CME, 10.

https://doi.org/10.1080/21614083.2021.2014100

Hervatis, V., Kyaw, B. M., Semwal, M., Dunleavy, G., Tudor Car, L., Zary, N., & Car, J. (2018).

Offline and computer-based eLearning interventions for medical students’ education. Cochrane

Database of Systematic Reviews, 2018(10).

https://doi.org/10.1002/14651858.CD012149.PUB2/INFORMATION/EN

Hester, L., Reed, B., Bohannan, W., Box, M., Wells, M., & O’Neal, B. (2021). Using an

educational mobile application to teach students to take vital signs. Nurse Education Today, 107,

105154. https://doi.org/10.1016/j.nedt.2021.105154

Hippe, D. S., Umoren, R. A., McGee, A., Bucher, S. L., & Bresnahan, B. W. (2020). A targeted

systematic review of cost analyses for implementation of simulation-based education in

healthcare. SAGE Open Medicine, 8, 205031212091345.

https://doi.org/10.1177/2050312120913451

Ho, C. J., Chiu, W. H., Li, M. Z., Huang, C. Y., & Cheng, S. F. (2021). The effectiveness of the

iLearning application on chest tube care education in nursing students. Nurse Education Today,

101. https://doi.org/10.1016/J.NEDT.2021.104870

Ho, K., Lauscher, H. N., Broudo, M., Jarvis-Selinger, S., Fraser, J., Hewes, D., & Scott, I.

(2009). The impact of a personal digital assistant (PDA) case log in a medical student clerkship.

Teaching and Learning in Medicine, 21(4), 318–326.

https://doi.org/10.1080/10401330903228554

Huang, Y., Monrouxe, L. V., & Huang, C. (2019). The influence of narrative medicine on

medical students’ readiness for holistic care practice: a realist synthesis protocol. BMJ Open,

9(8). https://doi.org/10.1136/BMJOPEN-2019-029588

Im, S., & Jang, S. J. (2019). Effects of a Clinical Practicum Using Flipped Learning Among

Undergraduate Nursing Students. The Journal of Nursing Education, 58(6), 354–356.

https://doi.org/10.3928/01484834-20190521-06



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 49 of 59

Jayasekara, R., Smith, C., Hall, C., Rankin, E., Smith, M., Visvanathan, V., & Friebe, T. R.

(2018). The effectiveness of clinical education models for undergraduate nursing programs: A

systematic review. Nurse Education in Practice, 29, 116–126.

https://doi.org/10.1016/J.NEPR.2017.12.006

Jetha, F., Boschma, G., & Clauson, M. (2016). Professional Development Needs of Novice

Nursing Clinical Teachers: A Rapid Evidence Assessment. International Journal of Nursing

Education Scholarship, 13(1), 1–10. https://doi.org/10.1515/IJNES-2015-0031

Johansson, P. E., Petersson, G. I., & Nilsson, G. C. (2013). Nursing students’ experience of

using a personal digital assistant (PDA) in clinical practice - An intervention study. Nurse

Education Today, 33(10), 1246–1251. https://doi.org/10.1016/J.NEDT.2012.08.019

Jung, H., Park, K. H., Min, Y. H., & Ji, E. (2020). The effectiveness of interprofessional

education programs for medical, nursing, and pharmacy students. Korean Journal of Medical

Education, 32(2), 131–142. https://doi.org/10.3946/KJME.2020.161

Kaarlela, V., Mikkonen, K., Pohjamies, N., Ruuskanen, S., Kääriäinen, M., Kuivila, H. M., &

Haapa, T. (2021). Competence of clinical nurse educators in university hospitals: A

cross-sectional study. Nordic Journal of Nursing Research, 42(4), 195–202.

https://doi.org/10.1177/20571585211066018

Karlsson, M., Hillström, L., Johnsson, A., & Pennbrant, S. (2022). Experiences of

work-integrated learning in nursing education. Journal of Further and Higher Education.

https://doi.org/10.1080/0309877X.2022.2079971

Kenny, R., van Neste-Kenny, J., Park, C., Burton, P., & Meiers, J. (2009). Mobile Learning in

Nursing Practice Education: Applying Koole’s FRAME Model. Journal of Distance Education, 23,

75–96.

Kim, H. S., Kim, M. Y., Cho, M. K., & Jang, S. J. (2017). Effectiveness of applying flipped

learning to clinical nursing practicums for nursing students in Korea: A randomized controlled

trial. International Journal of Nursing Practice, 23(5). https://doi.org/10.1111/IJN.12574

Kim, J. H., & Park, H. (2019). Effects of Smartphone-Based Mobile Learning in Nursing

Education: A Systematic Review and Meta-analysis. Asian Nursing Research, 13(1), 20–29.

https://doi.org/10.1016/J.ANR.2019.01.005

Kinder, F. D. A., & Kurz, J. M. (2018). Gaming Strategies in Nursing Education. Teaching and

Learning in Nursing, 13(4), 212–214. https://doi.org/10.1016/J.TELN.2018.05.001

Klímová, B. (2018). Mobile Learning in Medical Education. Journal of Medical Systems,

42(10). https://doi.org/10.1007/S10916-018-1056-9

Koole, M., Buck, R., Anderson, K., & Laj, D. (2018). A comparison of the uptake of two

research models in mobile learning: The FRAME model and the 3-level evaluation framework.

Education Sciences, 8(3). https://doi.org/10.3390/EDUCSCI8030114

Koohestani, H., Arabshahi, S., Fata, L., & Ahmadi, F. (2018). The educational effects of

mobile learning on students of medical sciences: A systematic review in experimental studies.

Journal of Advances in Medical Education & Professionalism, 6(2), 58–69.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5856906/



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 50 of 59

Kuiper, R. (2008). Use of personal digital assistants to support clinical reasoning in

undergraduate baccalaureate nursing students. Computers, Informatics, Nursing ,26(2), 90–98.

https://doi.org/10.1097/01.NCN.0000304776.40531.BC

Kyaw, B. M., Saxena, N., Posadzki, P., Vseteckova, J., Nikolaou, C. K., George, P. P., Divakar,

U., Masiello, I., Kononowicz, A. A., Zary, N., & Car, L. T. (2019). Virtual Reality for Health

Professions Education: Systematic Review and Meta-Analysis by the Digital Health Education

Collaboration. Journal of Medical Internet Research, 21(1). https://doi.org/10.2196/12959

Lai, C. Y., & Wu, C. C. (2016). Promoting Nursing Students’ Clinical Learning Through a

Mobile e-Portfolio. Computers, Informatics, Nursing ,34(11), 535–543.

https://doi.org/10.1097/CIN.0000000000000263

Lall, P., Rees, R., Law, G., Dunleavy, G., Cotič, Ž., & Res, J. C. (2019). Influences on the

implementation of mobile learning for medical and nursing education: qualitative systematic

review by the digital health education collaboration. Journal of Medical Internet Research,

21(2). https://doi.org/10.2196/12895

Lamarche, K., Park, C., Fraser, S., Rich, M., & MacKenzie, S. (2016). In the Palm of Your

Hand -- Normalizing the Use of Mobile Technology for Nurse Practitioner Education and Clinical

Practice. Nursing Leadership ,29(3), 120–132. https://doi.org/10.12927/cjnl.2016.24898

Lawal, O., Ramlaul, A., & Murphy, F. (2021). Problem based learning in radiography

education: A narrative review. Radiography (London, England : 1995), 27(2), 727–732.

https://doi.org/10.1016/J.RADI.2020.11.001

Lee, M. K., & Park, B. K. (2018). Effects of Flipped Learning Using Online Materials in a

Surgical Nursing Practicum: A Pilot Stratified Group-Randomized Trial. Healthcare Informatics

Research, 24(1), 69–78. https://doi.org/10.4258/HIR.2018.24.1.69

Lee, S. S., Tay, S. M., Balakrishnan, A., Yeo, S. P., & Samarasekera, D. D. (2021). Mobile

learning in clinical settings: unveiling the paradox. Korean Journal of Medical Education, 33(4),

349–367. https://doi.org/10.3946/kjme.2021.204

Li, K. C., Lee, L. Y. K., Wong, S. L., Yau, I. S. Y., & Wong, B. T. M. (2018). Effects of mobile apps

for nursing students: learning motivation, social interaction and study performance. Open

Learning, 33(2), 99–114. https://doi.org/10.1080/02680513.2018.1454832

Lijoi, A. F., & Tovar, A. D. (2020). Narrative medicine: Re-engaging and re-energizing

ourselves through story. International Journal of Psychiatry in Medicine, 55(5), 321–330.

https://doi.org/10.1177/0091217420951039

Lim, K. H. A., Loo, Z. Y., Goldie, S. J., Adams, J. W., & McMenamin, P. G. (2016). Use of 3D

printed models in medical education: A randomized control trial comparing 3D prints versus

cadaveric materials for learning external cardiac anatomy. Anatomical Sciences Education, 9(3),

213–221. https://doi.org/10.1002/ASE.1573

Lincoln, Y., & Guba, E. (1985). Naturalistic inquiry. SAGE Publications.

Lioce, L., Lopreiato, J., Downing, D., Chang, T. P., Robertson, J. M., Anderson, M., Diaz, D. A.,

Spain, A. E., & Terminology and Concepts Working Group. (2020). Healthcare Simulation



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 51 of 59

Dictionary. In Healthcare Simulation Dictionary (Second). Agency for Healthcare Research and

Quality. https://doi.org/10.23970/simulationv2

Luanrattana, R., Than Win, K., Fulcher, J., & Iverson, D. (2010). Adoption of mobile

technology in a problem-based learning approach to medical education. Int. J. Mob. Learn.

Organisation, 4(3), 294–316. https://doi.org/10.1504/IJMLO.2010.033557

Luanrattana, R., Win, K. T., Fulcher, J., & Iverson, D. (2012). Mobile technology use in

medical education. Journal of Medical Systems, 36(1), 113–122.

https://doi.org/10.1007/S10916-010-9451-X

Mackintosh-Franklin, C. (2016). Nursing philosophy: A review of current pre registration

curricula in the UK. Nurse Education Today, 37, 71–74.

https://doi.org/10.1016/J.NEDT.2015.11.023

Mahajan, R., Gupta, P., & Singh, T. (2019). Massive Open Online Courses: Concept and

Implications. Indian Pediatrics, 56(6), 489–495. https://doi.org/10.1007/s13312-019-1575-6

Malik, H. H., Darwood, A. R. J., Shaunak, S., Kulatilake, P., El-Hilly, A. A., Mulki, O., &

Baskaradas, A. (2015). Three-dimensional printing in surgery: a review of current surgical

applications. The Journal of Surgical Research, 199(2), 512–522.

https://doi.org/10.1016/J.JSS.2015.06.051

Mann, E., Medves, J., & Vandenkerkhof, E. (2015). Accessing best practice resources using

mobile technology in an undergraduate nursing program: a feasibility study. Computers,

Informatics, Nursing, 33(3), 122–128.

https://journals.lww.com/cinjournal/Fulltext/2015/03000/Accessing_Best_Practice_Resources_

Using_Mobile.7.aspx

Männistö, M., Mikkonen, K., Kuivila, H. M., Virtanen, M., Kyngäs, H., & Kääriäinen, M.

(2020). Digital collaborative learning in nursing education: a systematic review. Scandinavian

Journal of Caring Sciences, 34(2), 280–292. https://doi.org/10.1111/SCS.12743

Marchalik, D. (2017). The Return to Literature-Making Doctors Matter in the New Era of

Medicine. Academic Medicine : Journal of the Association of American Medical Colleges, 92(12),

1665–1667. https://doi.org/10.1097/ACM.0000000000001986

Martin, A., Cross, S., & Attoe, C. (2020). The Use of in situ Simulation in Healthcare

Education: Current Perspectives. Advances in Medical Education and Practice, 11, 893–903.

https://doi.org/10.2147/AMEP.S188258

Masters, K., & Al-Rawahi, Z. (2012). The use of mobile learning by 6th-year medical

students in a minimally-supported environment. International Journal of Medical Education, 3,

92–97. https://doi.org/10.5116/ijme.4fa6.f8e8

Mather, C., & Cummings, E. (2016). Issues for Deployment of Mobile Learning by Nurses in

Australian Healthcare Settings. Studies in Health Technology and Informatics, 225, 277–281.

https://doi.org/10.3233/978-1-61499-658-3-277

Mather, C., Gale, F., & Cummings, E. (2017). Governing mobile technology use for

continuing professional development in the Australian nursing profession. BMC Nursing, 16(1),

1–11. https://doi.org/10.1186/s12912-017-0212-8



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 52 of 59

Maudsley, G., Taylor, D., Allam, O., Garner, J., Calinici, T., & Linkman, K. (2019). A Best

Evidence Medical Education (BEME) systematic review of: What works best for health

professions students using mobile (hand-held) devices for educational support on clinical

placements? BEME Guide No. 52. Medical Teacher, 41(2), 125–140.

https://doi.org/10.1080/0142159X.2018.1508829

McNally, G., Frey, R., & Crossan, M. (2017). Nurse manager and student nurse perceptions

of the use of personal smartphones or tablets and the adjunct applications, as an educational

tool in clinical settings. Nurse Education in Practice, 23, 1–7.

https://www.sciencedirect.com/science/article/pii/S1471595316302608

Mettiäinen, S. (2015). Electronic assessment and feedback tool in supervision of nursing

students during clinical training. Electronic Journal of E_Learning, 13, 42–56.

https://www.academic-publishing.org/index.php/ejel/article/view/1713

Meum, T. T., Koch, T. B., Briseid, H. S., Vabo, G. L., & Rabben, J. (2021). Perceptions of

digital technology in nursing education: A qualitative study. Nurse Education in Practice, 54,

103136. https://doi.org/10.1016/J.NEPR.2021.103136

Milota, M. M., van Thiel, G. J. M. W., & van Delden, J. J. M. (2019). Narrative medicine as a

medical education tool: A systematic review. Medical Teacher, 41(7), 802–810.

https://doi.org/10.1080/0142159X.2019.1584274

Moro, C., & Gregory, S. (2019). Utilising Anatomical and Physiological Visualisations to

Enhance the Face-to-Face Student Learning Experience in Biomedical Sciences and Medicine.

Advances in Experimental Medicine and Biology, 1156, 41–48.

https://doi.org/10.1007/978-3-030-19385-0_3

Moro, C., Stromberga, Z., & Birt, J. R. (2020). Technology considerations in health

professions and clinical education. In Clinical Education for the Health Professions (pp. 1–25).

Springer Singapore. https://doi.org/10.1007/978-981-13-6106-7_118-1

Mueller, G., Mylonas, D., & Schumacher, P. (2018). Quality assurance of the clinical learning

environment in Austria: Construct validity of the Clinical Learning Environment, Supervision and

Nurse Teacher Scale (CLES+T scale). Nurse Education Today, 66, 158–165.

https://doi.org/10.1016/J.NEDT.2018.04.022

Munangatire, T., & McInerney, P. (2022). A phenomenographic study exploring the

conceptions of stakeholders on their teaching and learning roles in nursing education. BMC

Medical Education, 22(1). https://doi.org/10.1186/S12909-022-03392-W

Naciri, A., Radid, M., Kharbach, A., & Chemsi, G. (2021). E-learning in health professions

education during the COVID-19 pandemic: a systematic review. Journal of Educational

Evaluation for Health Professions, 18. https://doi.org/10.3352/JEEHP.2021.18.27

Narnaware, Y., & Neumeier, M. (2020). Second-Year Nursing Students’ Retention of Gross

Anatomical Knowledge. Anatomical Sciences Education, 13(2), 230–236.

https://doi.org/10.1002/ASE.1906

Nestel, D., Gray, K., Ng, A., Mcgrail, M., Kotsanas, G., & Villanueva, E. (2014). Mobile

learning in a rural medical school: Feasibility and educational benefits in campus and clinical

settings. Journal of Biomedical Education. https://doi.org/10.1155/2014/412786



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 53 of 59

Nikpeyma, N., Zolfaghari, M., & Mohammadi, A. (2021). Barriers and facilitators of using

mobile devices as an educational tool by nursing students: a qualitative research. BMC Nursing,

20(1), 226. https://doi.org/10.1186/s12912-021-00750-9

Nordquist, J., Hall, J., Caverzagie, K., Snell, L., Chan, M. K., Thoma, B., Razack, S., &

Philibert, I. (2019). The clinical learning environment. Medical Teacher, 41(4), 366–372.

https://doi.org/10.1080/0142159X.2019.1566601

Nursing and Midwifery Council. (2018). Realising professionalism: Standards for education

and training. Part 1: Standards framework for nursing and midwifery education.

Nuss, M. A., Hill, J. R., Cervero, R. M., Gaines, J. K., & Middendorf, B. F. (2014). Real-time

use of the iPad by third-year medical students for clinical decision support and learning: a mixed

methods study. Journal of Community Hospital Internal Medicine Perspectives, 4(4), 25184.

https://doi.org/10.3402/JCHIMP.V4.25184

Nyoni, C. N., Dyk, L. H. van, & Botma, Y. (2021). Clinical placement models for

undergraduate health professions students: a scoping review. BMC Medical Education, 21(1).

https://doi.org/10.1186/S12909-021-03023-W

O’connor, S., & Andrews, T. (2015). Mobile technology and its use in clinical nursing

education: a literature review. Journal of Nursing Education, 54(3), 137–144.

https://journals.healio.com/doi/abs/10.3928/01484834-20150218-01

O’Connor, S., & Andrews, T. (2018). Smartphones and mobile applications (apps) in clinical

nursing education: A student perspective. Nurse Education Today, 69, 172–178.

https://doi.org/10.1016/j.nedt.2018.07.013

Oh, J., Kim, S. J., Kim, S., & Vasuki, R. (2017). Evaluation of the Effects of Flipped Learning of

a Nursing Informatics Course. The Journal of Nursing Education, 56(8), 477–483.

https://doi.org/10.3928/01484834-20170712-06

Olivier, B., Verdonck, M., & Caseleijn, D. (2020). Digital technologies in undergraduate and

postgraduate education in occupational therapy and physiotherapy: a scoping review. JBI

Evidence Synthesis, 18(5), 863–892. https://doi.org/10.11124/JBISRIR-D-19-00210

Park, E. O., & Park, J. H. (2018). Quasi-experimental study on the effectiveness of a flipped

classroom for teaching adult health nursing. Japan Journal of Nursing Science : JJNS, 15(2),

125–134. https://doi.org/10.1111/JJNS.12176

Pashmdarfard, M., Arabshahi, K. S., Shafaroodi, N., Mehraban, A. H., Parvizi, S., & Haracz,

K. (2020). Which models can be used as a clinical education model in occupational therapy?

Introduction of the models: A scoping review study. Medical Journal of the Islamic Republic of

Iran, 34(1), 1–9. https://doi.org/10.34171/MJIRI.34.76

Paul, P., Toon, E., Hadadgar, A., Jirwe, M., Saxena, N., Lim, K. T. K., Semwal, M., Tudor Car,

L., Zary, N., Lockwood, C., & Car, J. (2018). Online- and local area network (LAN)-based eLearning

interventions for medical doctors’ education. Cochrane Database of Systematic Reviews,

2018(10). https://doi.org/10.1002/14651858.CD012108.PUB2/INFORMATION/EN

Paul, S., Dawson, K. P., Lanphear, J. H., & Cheema, M. Y. (1998). Video recording feedback: a

feasible and effective approach to teaching history-taking and physical examination skills in



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 54 of 59

undergraduate paediatric medicine. Medical Education, 32(3), 332–336.

https://doi.org/10.1046/J.1365-2923.1998.00197.X

Payne, K. F. B., Wharrad, H., & Watts, K. (2012). Smartphone and medical related App use

among medical students and junior doctors in the United Kingdom (UK): a regional survey. BMC

Medical Informatics and Decision Making, 12(1), 121.

https://doi.org/10.1186/1472-6947-12-121

Pedregosa, S., Fabrellas, N., Risco, E., Pereira, M., Dmoch-Gajzlerska, E., Şenuzun, F.,

Martin, S., & Zabalegui, A. (2020). Effective academic-practice partnership models in nursing

students’ clinical placement: A systematic literature review. Nurse Education Today, 95.

https://doi.org/10.1016/J.NEDT.2020.104582

Periya, S. N., & Moro, C. (2019). Applied Learning of Anatomy and Physiology: Virtual

DissectionTables within Medical and Health Sciences Education. Undefined, 15(1), 121–127.

https://doi.org/10.31524/BKKMEDJ.2019.02.021

Pimmer, C., Brühlmann, F., Odetola, T. D., Dipeolu, O., Gröhbiel, U., & Ajuwon, A. J. (2018).

Instant messaging and nursing students’ clinical learning experience. Nurse Education Today, 64,

119–124.https://www.scopus.com/inward/record.uri?eid=2-s2.0-85042289766&doi=10.1016%

2Fj.nedt.2018.01.034&partnerID=40&md5=8c4f2c7ace31b41f436582e1b2882aed

Pimmer, C., Mateescu, M., & Gröhbiel, U. (2016). Mobile and ubiquitous learning in higher

education settings. A systematic review of empirical studies. Computers in Human Behavior, 63,

490–501. https://doi.org/10.1016/j.chb.2016.05.057

Positos, J., Abellanosa, A., Galgo, C., Tecson C. M. B., Ridad, G. S., Marjorie, M. Tabigue, M.

M., C. (2020). Educare app: Mobile application for clinical duties of nursing students and nurse

educators. Enfermería Clinica, 30(S5), 12–16.

https://www.sciencedirect.com/science/article/pii/S1130862120300449

Prashanth, G. P., & Ismail, S. K. (2018). The Dundee Ready Education Environment

Measure: A prospective comparative study of undergraduate medical students’ and interns’

perceptions in Oman. Sultan Qaboos University Medical Journal, 18(2), e173–e181.

https://doi.org/10.18295/SQUMJ.2018.18.02.009

Quail, N. P. A., & Boyle, J. G. (2019). Virtual Patients in Health Professions Education.

Advances in Experimental Medicine and Biology, 1171, 25–35.

https://doi.org/10.1007/978-3-030-24281-7_3

Quant, C., Altieri, L., Torres, J., & Craft, N. (2016). The Self-Perception and Usage of Medical

Apps amongst Medical Students in the United States: A Cross-Sectional Survey. International

Journal of Telemedicine and Applications, 2016. https://doi.org/10.1155/2016/3929741

Raghunathan, K., McKenna, L., & Peddle, M. (2021). Use of academic electronic medical

records in nurse education: A scoping review. Nurse Education Today, 101.

https://doi.org/10.1016/J.NEDT.2021.104889

Ramidha VP. (2019). Study on the need to implement mentorship for the emotional

development among medical students.



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 55 of 59

Ramnanan, C. J., & Pound, L. D. (2017). Advances in medical education and practice:

student perceptions of the flipped classroom. Advances in Medical Education and Practice, 8,

63–73. https://doi.org/10.2147/AMEP.S109037

Rashid-Doubell, F., Mohamed, S., Elmusharaf, K., & O’Neill, C. S. (2016). A balancing act: a

phenomenological exploration of medical students’ experiences of using mobile devices in the

clinical setting. BMJ Open, 6(5), e011896. https://doi.org/10.1136/bmjopen-2016-011896

Reames, B. N., Sheetz, K. H., Englesbe, M. J., & Waits, S. A. (2016). Evaluating the Use of

Twitter to Enhance the Educational Experience of a Medical School Surgery Clerkship. Journal

OfSurgicalEducation, 73(1), 73–78. https://doi.org/10.1016/J.JSURG.2015.08.005

Robertson, A. C., & Fowler, L. C. (2017). Medical Student Perceptions of Learner-Initiated

Feedback Using a Mobile Web Application. Journal of Medical Education and Curricular

Development ,4. https://doi.org/10.1177/2382120517746384

Rodger, K. S., & Juckes, K. L. (2021). Managing at risk nursing students: The clinical

instructor experience. Nurse Education Today, 105.

https://doi.org/10.1016/J.NEDT.2021.105036

Saarikoski, M., Kaila, P., Lambrinou, E., Pérez Cañaveras, R. M., Tichelaar, E., Tomietto, M.,

& Warne, T. (2013). Students’ experiences of cooperation with nurse teacher during their clinical

placements: an empirical study in a Western European context. Nurse Education in Practice,

13(2), 78–82. https://doi.org/10.1016/J.NEPR.2012.07.013

Salam, M. A. us, Oyekwe, G. C., Ghani, S. A., & Choudhury, R. I. (2021). How can

WhatsApp® facilitate the future of medical education and clinical practice? BMC Medical

Education, 21(1). https://doi.org/10.1186/S12909-020-02440-7

Sanseau, E., Lavoie, M., Tay, K. Y., Good, G., Tsao, S., Burns, R., Thomas, A., Heckle, T.,

Wilson, M., Kou, M., & Auerbach, M. (2021). TeleSimBox: A perceived effective alternative for

experiential learning for medical student education with social distancing requirements. AEM

Education and Training, 5(2). https://doi.org/10.1002/AET2.10590

Saunders, A., Green, R., & Cross, M. (2017). Making the most of person-centred education

by integrating flipped and simulated teaching: An exploratory study. Nurse Education in Practice,

27, 71–77. https://doi.org/10.1016/J.NEPR.2017.08.014

Saxena, N., Kyaw, B. M., Vseteckova, J., Dev, P., Paul, P., Lim, K. T. K., Kononowicz, A.,

Masiello, I., Tudor Car, L., Nikolaou, C. K., Zary, N., & Car, J. (2016). Virtual reality environments

for health professional education. Cochrane Database of Systematic Reviews, 2016(2).

https://doi.org/10.1002/14651858.CD012090/INFORMATION/EN

Scott, K. M., Nerminathan, A., Alexander, S., Phelps, M., & Harrison, A. (2017). Using

mobile devices for learning in clinical settings: A mixed-methods study of medical student,

physician and patient perspectives. British Journal of Educational Technology, 48(1), 176–190.

https://doi.org/10.1111/BJET.12352

Scott, L., & Curtis, F. (2013). PDA devices and electronic resources to support learning in

clinical placements and education settings.

https://eprints.lancs.ac.uk/id/eprint/66104/1/pda_devices_and_electronic_resources_to_supp

ort_learning_in_clinical_placements_and_education_settings.pdf



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 56 of 59

Sedgwick, M., Awosoga, O., Grigg, L., & Durnin, J.-M. (2016). A quantitative study exploring

undergraduate nursing students’ perception of their critical thinking and clinical decision

making ability while using apps at the point of care. Journal of Nursing Education and Practice,

6(10), 1. https://doi.org/10.5430/jnep.v6n10p1

Shrestha, E., Mehta, R. S., Mandal, G., Chaudhary, K., & Pradhan, N. (2019). Perception of

the learning environment among the students in a nursing college in Eastern Nepal. BMC

Medical Education, 19(1). https://doi.org/10.1186/S12909-019-1835-0

Shrivastava, S., & Shrivastava, P. (2022). Strengthening the process of self-directed learning

in medical education by targeting teachers and students. Journal of the Scientific Society, 49(1),

3. https://doi.org/10.4103/JSS.JSS_148_21

Snodgrass, S., Rivett, D., Farrell, S., Ball, K., Ashby, S.E., Johnston, C.L., et al. (2016). Clinical

educator and student perceptions of iPadTM technology to enhance clinical supervision: the

Electronically-Facilitated Feedback Initiative (EFFI). The Internet Journal of Allied Health Sciences

and Practice, 14(4). https://nsuworks.nova.edu/ijahsp/vol14/iss4/4/

Sterling, M., Leung, P., Wright, D., Library, S. J. W., Starr, C. v, Bishop, T. F., & Author, A. M.

(2017). The Use of Social Media in Graduate Medical Education: A Systematic Review. Academic

Medicine : Journal of the Association of American Medical Colleges, 92(7), 1043–1056.

https://doi.org/10.1097/ACM.0000000000001617

Stoffels, M., van der Burgt, S. M. E., Stenfors, T., Daelmans, H. E. M., Peerdeman, S. M.,

&Kusurkar, R. A. (2021). Conceptions of clinical learning among stakeholders involved in

undergraduate nursing education: a phenomenographic study. BMC Medical Education, 21(1).

https://doi.org/10.1186/S12909-021-02939-7

Strandell-Laine, C., Leino-Kilpi, H., Löyttyniemi, E., Salminen, L., Stolt, M., Suomi, R., &

Saarikoski, M. (2019). A process evaluation of a mobile cooperation intervention: A mixed

methods study. Nurse Education Today, 80, 1–8. https://doi.org/10.1016/j.nedt.2019.05.037

Strandell-Laine, C., Saarikoski, M., Löyttyniemi, E., Meretoja, R., Salminen, L., & Leino-Kilpi,

H. (2018). Effectiveness of mobile cooperation intervention on students’ clinical learning

outcomes: A randomized controlled trial. Journal of Advanced Nursing, 74(6), 1319–1331.

https://doi.org/10.1111/jan.13542

Strandell-Laine, C., Stolt, M., Leino-Kilpi, H., & Saarikoski, M. (2015). Use of mobile devices

in nursing student–nurse teacher cooperation during the clinical practicum: An integrative

review. Nurse Education Today, 35(3), 493–499.

https://www.sciencedirect.com/science/article/pii/S026069171400330X

Su, W., Xiao, Y., He, S., Huang, P., & Deng, X. (2018). Three-dimensional printing models in

congenital heart disease education for medical students: a controlled comparative study. BMC

Medical Education, 18(1). https://doi.org/10.1186/S12909-018-1293-0

Sumpter, D., Blodgett, N., Beard, K., & Howard, V. (2022). Transforming Nursing Education

in Response to the Future of Nursing 2020-2030 Report. Nursing Outlook.

https://doi.org/https://doi.org/10.1016/j.outlook.2022.02.007

Sung, Y. T., Chang, K. E., & Liu, T. C. (2016). The effects of integrating mobile devices with

teaching and learning on students’ learning performance: A meta-analysis and research



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 57 of 59

synthesis. Computers & Education, 94, 252–275.

https://doi.org/10.1016/J.COMPEDU.2015.11.008

Sutherland, J., Belec, J., Sheikh, A., Chepelev, L., Althobaity, W., Chow, B. J. W., Mitsouras,

D., Christensen, A., Rybicki, F. J., & la Russa, D. J. (2019). Applying Modern Virtual and

Augmented Reality Technologies to Medical Images and Models. Journal of Digital Imaging,

32(1), 38–53. https://doi.org/10.1007/S10278-018-0122-7

Szymkowiak, A., Melović, B., Dabić, M., Jeganathan, K., & Kundi, G. S. (2021). Information

technology and Gen Z: The role of teachers, the internet, and technology in the education of

young people. Technology in Society, 65, 101565.

https://doi.org/10.1016/J.TECHSOC.2021.101565

Tomietto, M., Comparcini, D., Simonetti, V., Pelusi, G., Troiani, S., Saarikoski, M., & Cicolini,

G. (2016). Work-engaged nurses for a better clinical learning environment: a ward-level analysis.

Journal of Nursing Management, 24(4), 475–482. https://doi.org/10.1111/JONM.12346

Tran, K., Morra, D., Lo, V., Quan, S. D., Abrams, H., & Wu, R. C. (2014). Medical students and

personal smartphones in the clinical environment: the impact on confidentiality of personal

health information and professionalism. Journal of Medical Internet Research, 16(5).

https://doi.org/10.2196/JMIR.3138

Tumlinson, K., Jaff, D., Stilwell, B., Onyango, D. O., & Leonard, K. L. (2019). Reforming

medical education admission and training in low- and middle-income countries: who gets

admitted and why it matters. Human Resources for Health, 17(1).

https://doi.org/10.1186/S12960-019-0426-9

Turnbull, D., Chugh, R., & Luck, J. (2021). Transitioning to E-Learning during the COVID-19

pandemic: How have Higher Education Institutions responded to the challenge? Education and

Information Technologies, 26(5), 6401–6419. https://doi.org/10.1007/S10639-021-10633-W

Uruthiralingam, U., & Rea, P. M. (2020). Augmented and Virtual Reality in Anatomical

Education - A Systematic Review. Advances in Experimental Medicine and Biology, 1235,

89–101. https://doi.org/10.1007/978-3-030-37639-0_5

Van Diggele, C., Roberts, C., Burgess, A., & Mellis, C. (2020). Interprofessional education:

tips for design and implementation. BMC Medical Education, 20(Suppl 2).

https://doi.org/10.1186/S12909-020-02286-Z

Visiers-Jiménez, L., Palese, A., Brugnolli, A., Cadorin, L., Salminen, L., Leino-Kilpi, H.,

Löyttyniemi, E., Nemcová, J., Simão de Oliveira, C., Rua, M., Zeleníková, R., & Kajander-Unkuri, S.

(2022). Nursing students’ self-directed learning abilities and related factors at graduation: A

multi-country cross-sectional study. Nursing Open, 9(3), 1688–1699.

https://doi.org/10.1002/NOP2.1193

Visser, C. L. F., Ket, J. C. F., Croiset, G., & Kusurkar, R. A. (2017). Perceptions of residents,

medical and nursing students about Interprofessional education: a systematic review of the

quantitative and qualitative literature. BMC Medical Education, 17(1).

https://doi.org/10.1186/S12909-017-0909-0



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 58 of 59

Wang, W., Ran, S., Huang, L., & Swigart, V. (2019). Student Perceptions of Classic and

Game-Based Online Student Response Systems. Nurse Educator, 44(4), E6–E9.

https://doi.org/10.1097/NNE.0000000000000591

West, C., Graham, L., Palmer, R. T., Miller, M. F., Thayer, E. K., Stuber, M. L., Awdishu, L.,

Umoren, R. A., Wamsley, M. A., Nelson, E. A., Joo, P. A., Tysinger, J. W., George, P., Carney, P. A.,

Garman, K., Dollase, R., Charon, R., & Harmon, S. (2016). Implementation of interprofessional

education (IPE) in 16 U.S. medical schools: Common practices, barriers and facilitators. Journal

of Interprofessional Education & Practice, 4, 41–49. https://doi.org/10.1016/J.XJEP.2016.05.002

Willemse, J. (2018). The affordances of mobile learning for an undergraduate nursing

programme: A design-based study [University of the Western Cap].

https://etd.uwc.ac.za/handle/11394/6584

Willemse, J. J. (2015). Undergraduate nurses reflections on Whatsapp use in improving

primary health care education. Curationis, 38(2), 1512.

https://doi.org/10.4102/CURATIONIS.V38I2.1512

Willemse, J. J., & Bozalek, V. (2015). Exploration of the affordances of mobile devices in

integrating theory and clinical practice in an undergraduate nursing programme. Curationis,

38(2), 1510. https://doi.org/10.4102/CURATIONIS.V38I2.1510

Willemse, J., Jooste, K., & Bozalek, V. (2019). Experiences of undergraduate nursing

students on an authentic mobile learning enactment at a higher education institution in South

Africa. Nurse Education Today ,74, 69–75.

https://www.sciencedirect.com/science/article/pii/S0260691718310785

Wittmann-Price, R. A., Kennedy, L. D., & Godwin, C. (2012). Use of Personal Phones by

Senior Nursing Students to Access Health Care Information During Clinical Education: Staff

Nurses’ and Students’ Perceptions. Journal of Nursing Education, 51(11), 642–646.

https://doi.org/10.3928/01484834-20120914-04

World Health Organization. (2010). Framework for Action on Interprofessional Education &

Collaborative Practice Health. http://www.who.int/hrh/nursing_midwifery/en/

World Health Organization. (2011). Telemedicine Opportunities and Developments in

Member States. Results of the second global survey on eHealth.

http://www.who.int/goe/publications/goe_telemedicine_2010.pdf

World Health Organization. (2013). Transforming and scaling up health professionals’

education and training.

https://apps.who.int/iris/bitstream/handle/10665/93635/9789241506502_eng.pdf

Wosinski, J., Belcher, A. E., Dürrenberger, Y., Allin, A. C., Stormacq, C., & Gerson, L. (2018).

Facilitating problem-based learning among undergraduate nursing students: A qualitative

systematic review. Nurse Education Today, 60, 67–74.

https://doi.org/10.1016/J.NEDT.2017.08.015

Wu, C.-C., & Lai, C.-Y. (2009). Wireless Handhelds to Support Clinical Nursing Practicum.

Educational Technology & Society, 12, 190–204



Report #1 on Key Factors for Successful Digitalization of Practice-based Learning in Healthcare Higher Education 59 of 59

Wyatt, T. H., Krauskopf, P. B., Gaylord, N. M., Ward, A., Huffstutler-Hawkins, S., Goodwin, L.,

TH, W., PB, K., NM, G., Ward, A., Huffstutler-Hawkins, S., & Goodwin, L. (2010). Cooperative

m-learning with nurse practitioner students. Nursing Education Perspectives (National League

for Nursing), 31(2), 109–112.

https://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=105182445&lang=pl&site=

ehost-live

Xu, P., Chen, Y., Nie, W., Wang, Y., Song, T., Li, H., Li, J., Yi, J., & Zhao, L. (2019). The

effectiveness of a flipped classroom on the development of Chinese nursing students’ skill

competence: A systematic review and meta-analysis. Nurse Education Today, 80, 67–77.

https://doi.org/10.1016/J.NEDT.2019.06.005

Zaharias, G., Bs, M. B., & Fracgp, M. (2018). Learning narrative-based medicine skills:

Narrative-based medicine 3. Canadian Family Physician Medecin de Famille Canadien, 64(5),

352–356. https://europepmc.org/articles/PMC5951649


